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INFORMATION TECHNOLOGY -

TELECOMMUNICATIONS CABLING REQUIREMENTS
FOR REMOTE POWERING OF TERMINAL EQUIPMENT

1

2)

3)

4)

5)

6)

7)

8)

9)

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 technical
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. In the field of information\technology,
ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

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 National Committees and ISO member bodies.

IEC, ISO and ISO/IEC publications have the form of recommendations for intermational use and are accepted
by IEC National Committees and ISO member bodies in that sense. While all‘reasonable efforts are made to
ensure that the technical content of IEC, ISO and ISO/IEC publications is accurate, IEC or 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 National Committees~and ISO member bodies undertake to
apply IEC, ISO and ISO/IEC publications transparently to the maximd¥m extent possible in their national and
regional publications. Any divergence between any ISO, IEC ¢r 1SO/IEC publication and the corresponding
national or regional publication should be clearly indicated in_the)latter.

ISO and IEC do not provide any attestation of conformity(independent certification bodies provide conformity
assessment services and, in some areas, access to |[EC marks of conformity. ISO or IEC are not responsible
for any services carried out by independent certification ‘bodies.

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

No liability shall attach to IEC or ISO or-its' directors, employees, servants or agents including individual
experts and members of their technicalscommittees and IEC National Committees or ISO member bodies for
any personal injury, property damage or‘ether damage of any nature whatsoever, whether direct or indirect, or
for costs (including legal fees) and «expenses arising out of the publication of, use of, or reliance upon, this
ISO/IEC publication or any other [EC) ISO or ISO/IEC publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the corregt application of this publication.

Attention is drawn to/the possibility that some of the elements of this ISO/IEC publication may be the subject
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendment(s) has been
prepared for.user convenience.

ISO/IEC. TS 29125 edition 1.1 contains the first edition (2017-04) and its amendment 1
(2020-05) [documents JTC1-SC25/2919/DTS and JTC1-SC25/2945/RVDTS].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendment 1. Additions are in green text, deletions are in strikethrough
red text. A separate Final version with all changes accepted 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 subcommittee
25: Interconnection of information technology equipment, of ISO/IEC joint Ytechnical
committee 1: Information technology.

This first edition constitutes a technical revision.

This edition includes the following significant technical changes with-respect 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,rise 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 its,;'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

PTREPS PPN \AL

gtHdance—on—hew—eabling—instaltations—and—renevations—The—eustomer—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 mating and un-mating of connectors that convey remote power.

This document does not include requirements/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 4qa\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 perfocmance of single pair cable bundles of various conductor diameters.

INTRODUCTION to the amendment

This amendment incorporates changes necessary to include remote powering using single
pair cabling.
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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/to.500 mA;

e 1-pair balanced cabling using currents per conductor of up to 1.000'mA;

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

b) covers the transmission and electrical parameters needed jto 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 mathematicalkmodel to predict the behaviour of different bundle
sizes, various cabling constructionsi 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 following documents 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.

[SO/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

prnmiene r‘nhling — Part 2: Plnnning 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

EFor the purposes of this document the terms and definitions given in ISO/IFC 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 (one, or several conductors) can support resulting in a
specified increase of temperature «0f*the conductor beyond the ambient temperature, not
exceeding the maximum allowed operating temperature of the cable

[SOURCE: IEC 61156-1:2004/AMD1:2009, 3.24, modified — "increase of temperature" has
replaced "increase of the_surface temperature".]

3.1.5
remote powering
supply of powerto application specific equipment via balanced cabling

3.1.6

temperature rise

difference in temperature between the initial temperature of the conductor without power and
thefinal 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 andyremote 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\.0f 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 conductor, has a temperature rise. Larger cable bundles have
more heat generation and therefore fhe 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 design including the type of pathways selected, the pathway fill factor, whether
the pathwaylis\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) Ahermal 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

Tength segments of a ink 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 generation (Joule effect) in the conductors. Depending on cable
construction and installed cabling conditions, the heat generated will be dissipated into the

surrounding environment until a steady state 1s reached with the temperature ot 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 require this temperature to be 60 °C
(minimum).

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 maximumplength of
the channel or link should be reduced based on the maximum temperature of the €able 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 cerds 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 ¢he 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 imTables 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 periconductor versus temperature rise in a 37 4-pair cable

bundle in\air and conduit-{al-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
25 439 352 539 453
= 15 481 386 591 497
A}
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

Temperature rise

Current per conductor 0,57 mm diameter

Current per conductor 0,40 mm cords

°C mA mA
air conduit air conduit

5 866 738 608 518

7,5 1 061 904 744 634

10 1225 1044 860 732
12,5 1370 1167 961 819‘0'\.
15 1501 1278 1053 S@V
17,5 1621 1381 1137 A)OX9

20 1733 1476 1216 (\'\\1 036

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

NOTE These values are based on conductor temperature measurement of typical cabtes and cords.

Table 2 shows current capacity for different categories of 4-pair cable, independent of
construction, for a given temperature rise. Table 6 shows cdrrent 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
8 351 282 431 363 493 414 535 459 535 459 649 528
10 393 315 482 406 551 463 598 513 598 513 725 590
12 430 ’3\ 528 444 604 507 655 562 655 562 795 646
14 465 (‘&9)3 571 480 652 548 708 607 708 607 858 698
16 49_ © 399 610 513 697 586 756 649 756 649 918 746
18 S 423 647 544 740 622 802 688 802 688 973 792
%56 446 682 574 780 655 846 725 846 725 1026 835

JTemperature 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

0,32 mm 0,40 mm 0,51 mm 0,57 mm 0,65 mm 0,81 mm 1,02 mm
diameter diameter diameter diameter diameter diameter diameter
AT mA mA mA mA mA mA mA

°C | air [conduit| air [conduit| air [conduit| air |conduit| air |conduit| air |conduit| air |conduit
2 307 262 384 327 490 417 548 466 624 532 779 663 981 835
4 |435| 370 543 463 693 590 775 660 883 753 | 1101 938 |1387| 1181
6 |533| 454 666 567 849 723 949 808 [1082| 922 | 1349 | 1149 [1699| 1446
8 |615| 524 769 655 981 835 1096 | 933 [1249| 1065 | 1558 | 1327 [1962|\M70
10 |688| 586 860 732 |1096| 934 1225 | 1044 (1397|1190 | 1742 | 1484 |2 194T 1867
12 |753| 642 942 802 (1201 1023 | 1342 | 1143 (1530|1304 | 1908 | 1 625,\?\;1‘03 2 046
14 (814| 693 |1017| 867 |1297| 1105 [1450| 1235 |1653| 1409 |2061 | 1 ¢ 2596| 2210
16 (870| 741 |1087| 926 |1387| 1181 (1550 | 1320 |1767| 1506 |2 203(%8‘%7 2775| 2362
18 (923| 786 |1153| 983 |1471| 1253 [ 1644 | 1400 |1874| 1597 g‘ 1991 |2943| 2506
20 |973| 829 (1216| 1036 |1551| 1321 | 1733 | 1476 |1976| 1 6846_:2“53 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 derjved from the insertion loss of the various
conductor diameters of cable. Manufacturers' and/or suppliers' spetcifications give information relating to a
specific cable.

NOTE The current per conductor for each 1-pair cable is alsg’dependent on the cable construction.

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 atmosphere, 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

Thisvdocument 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.-Referto-Table 3-to-determine
ha i i@ [Ta¥a 00 N

This document 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 1 000 mA per conductor
for 1-pair cable bundles of different count.
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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 36 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‘Q 5,7 8,5
52 20,3 31,4 13,8 19,3 10,6 14,8 9,0 12,0 9,0 ‘@2‘6 6,0 9,0
61 22,7 34,9 15,5 21,6 12,0 16,6 10,1 13,4 19}5\‘/13,4 6,7 10,0
J
64 23,5 36,1 16,1 22,4 12,4 17,1 10,5 13,9,. 51 13,9 6,9 10,3
74 26,0 39,8 17,9 24,9 13,9 19,1 11,7 15‘(2 11,7 | 15,4 7,7 11,3
91 30,1 45,9 21,0 29,0 16,4 22,2 13,8 (/G),Q 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 of 500 mA per conductor, for all pairs in all cables in

the bundle.

NOTE 2 The current per conductor for each category.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)

Temperature rise
°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 52 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 14 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 ahe 2,1 29
48 24,7\ 33,6 15,8 | 21,5 | 9,7 13,2 (7,8 10,6 |6,0 8,1 38 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 96 4,6 6,2 2,9 3,9
74 32,2 42,9 |206 | 27,5 |12,7| 16,9 |10,2| 13,5 |748 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 15,2(‘ 8,9 11.7 5,7 7,5 3,6 4,8

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

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

NOTE 1
bundle.

The temperature rise (°C) is based upaqnr_ascurrent of 1 000 mA per conductor, for all cables in the

NOTE 2 The current per conductor for each-86hductor diameter is also dependent on the cable construction.

6.4.4 Reducing temperature increase

Minimizing the cabling.témperature rise is recommended, as it
a) reduces the impact 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

[oss (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:

PET-NT |
T

size-which-decreases—perunit
improving thermal dissipation by selecting cable with

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,

e solid insulation,
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e alarger diameter,
— reducing the number of energized pairs,
— reducing the number of cables per bundle and avoiding tight cable bundles,

— selectionof Qpplir‘afinne 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.bundling
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 withinnyas 37-cable bundle for
different 1-pair cable constructions in air. Figure 1 shows this data in graphical form.

Table 9 shows the effect of energizing the number of paips within a 37-cable bundle for
different 1-pair cable constructions in conduit. Figure 2 shows this data in graphical form.

The recommendation of ISO/IEC 14763-2 for 4-pair(eable 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.¢ords,

4) higher currents up to 500 mA per.egnductor with all 4 pairs energized.



https://standardsiso.com/api/?name=db71cfdbfd57b8f154b4c954f7bff4a5

ISO/IEC TS 29125:2017+AMD1:2020 CSV

© ISO/IEC 2020
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)

- 17 -

AT (°C)
N°<;. O4mm--eords Cat-5-ecables Cat6 \,abl-es——G&t—Greabl-es——Ga-t—'l—eablw Cat 7A eables
pairs cond- cond- cond- cond- cond- cond-
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 5,5
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 4,7 7,2

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

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

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

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.

Table 8 — Temperature rise for a 0,57 mm/conductor diameter

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

Bundle size

AT (°C)

Current (mA)

200 400 600 800 1000
7 0,103 0,443 0,93 1,653 2,582
19 0,18 0,722 1,624 2,887 4,511
37 0,266 1,065 2,396 4,26 6,656
61 0,36 1,442 3,244 5,767 9,01
91 0,463 1,852 4,166 7,407 11,573

Temperature rise above A0\XC shown in grey background is not recommended.

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

The values in thisttable 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 3 — Temperature rise for a 0,57 mm\gonductor diameter
1-pair cable versus current for differentybundle sizes in air

Table 9 — Temperature rise for a 0,54 mm conductor diameter
1-pair cable versus current for different bundle sizes in conduit

IEC

AT (°C)
Bundle size Current (mA)

200 400 600 800 1000
7 0,15 0,6 1,351 2,401 3,752
19 0,255 1,02 2,295 4,081 6,376
37 0,367 1,467 3,302 5,87 9,171
61 0,485 1,941 4,366 7,762 12,128
91 0461 2,439 5,488 9,756 15,244

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

The values in~this table are based on the DC resistance of the cable conductors. Manufacturers' and/or

suppliers' spesifications give information relating to a specific cable.

NOTE « Phe temperature 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«gonductor diameter
1-pair cable versus current for different pundle 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 tempefature and limit the temperature rise to 10 °C, for
the minimum Category 5 cables supporting.5600 mA per conductor, 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 ISO/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 recdord 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  4Spair 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.

Remoie power may be provided io 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)

Alternatively, remote power mayibe supplied by mid-span power source equipment
inserts remote power independent of the data source equipment, as shown in Figure 2.

IEC
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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 shallvmeet 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. Placement of mid-span power
insertion equipment shall be external to the permanent link, see ISO/IEC TR 24746.

7.2 1-pair balancéd,cabling

Figure 5 shows«eXamples of specified transmission paths used in 1-pair balanced cabling.
The channel i§_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 theZfransmission requirements specified in the design standards.

Remobte 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 comp@nent 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 poweted 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 remotepower, thus eliminating electrical stress during connector mating.

ISO/IEC/IEEE 8802-3 also defines optional features to remotely manage the provision of
electrical powernyto 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 channels.

§2 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 may deteriorate as a
result of mating or un-mating under electrical load, leading to possible degradation of

transmission characteristics (see IEC 60512-99-001). 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.

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



https://standardsiso.com/api/?name=db71cfdbfd57b8f154b4c954f7bff4a5

ISO/IEC TS 29125:2017+AMD1:2020 CSV - 23 —
© ISO/IEC 2020

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 engaging and separating connectors under electrical load is described in

IEC 60512-99-001.
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 havesan
appropriate current rating when mated. Connecting hardware contacts may deterioratevas a
result of mating or un-mating under electrical load, leading to possible degradation of
transmission characteristics (IEC 60512-99-002). Manufacturers should bheX consulted
regarding the number of mating and un-mating cycles supported by connec¢ting hardware
while conveying the intended levels of electrical power.

NOTE A test schedule for engaging and separating connectors under electricalyload is described in
IEC 60512-99-002.
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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 additionat
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 consttuction
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-configured 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 notimeet 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 temperatures 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 ef the unpowered
bundle) and the outer surface of the bundle.

9 LY X
4 I ) 'S ,

A Ty,

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 from-the 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
is the current per conductor (A) = 0,5 times the current delivered by a pair;
is the number of conductors per cable carrying remote powering current (i)

=2 timac tha niimhar of nairc carryina ramata Nnawarina currant:
=—HHReStHeHRdHpBe—o—paHSeaH -y RgFHehRotepoweHhRg-6uHehts
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
underestimate of the temperature rise.

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

B.3.1 Model equations

AT, = PuxP Y VE. LYo (B.2)

[dx\/ﬁxz\;/%xTJ (¢ xN 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 at~least 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 ongoing and may lead to a refinement of these models.
B.4 Temperature difference from bundle surface to bundle centre (AT7,;)
B.4.1 Model equations

ATth — ptth ~ pth XP °C (B3)
4xm 12,6

where

P (ds'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:

— py. =5 for U/UTP cable constructions:
—  pn = 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):

4r x x2 3,63 x x2
AT(x)= AT, + ATy | 1- — =220 | AT, + ATy | 1- 2222 | °C (B.4)
() ! th{ 2\/§><N><d2] ! th[ N xd? ]

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, a curve-fitting
approach which provides a single value to allow comparison with simpler, test 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 = Cxig2 xR (B.5)

where

Pu X g <IN + Pth X N xng

R 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 principles 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)= (CqN + Cyx+[N)xI? (B.7)

where
AT is the temperature rise in °C,
I is the current in amperes,

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

tvne-—same fixedcurrent and same environment surroundina-the cable bundlebut with aither
Hpe—SsahetHxea-ctHehi—ahRa—sSaRe—-eivHoRreht—sHHodthRciRgHhe—Gcatte—otu —oHH—AHR

ot ot

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
Cs.

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 C4 and C, can be solved algebraically using Fermulas (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 W L 2
LTJ_L\@ \/E} {Cz} ! (819

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

{q}: Ny Ny {Aﬂ}([—z (B.11)
Ca] [Ny Ny AT, '

B.9 Example

For a fixed current 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 °C.

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 °C.

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

] [37 a7 | [7.26 L
[Cz}{m \/a} {11,10}(1,0) E12)

Solving Formula (B.12) gives the results for the coefficients C; and C, in Formula (B.13).
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C 013

=™ (B.13)
Cy| 1039

— B, 10 Coefficients for airand 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™from
measurements for the different 1-pair cables and cords using at least two different\blndle
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 air and conduit

Bundling coefficients
open air conduit
C, C, C, C,
0,4 mm cords 0,1445 1,7800 0,1980 2,9250
Cat 5 cables 0,1267 0,9933 0,1583 1,5300
Cat 6 cables 0,1057 0,7070 0,1206 1,1783
Cat 6, cables 0,0857 0,6263 0,0926 0,9967
Cat 7 cables 0,0857 0,6263 0,0926 0,9967
Cat 7, cables 0,0436 0,515 0,0555 0,841
NOTE The bundling coefficients for €at 7, cables were determined from the relative resistance values in
IEC TR 61156-1-6.

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

Bundling coefficients
Conductor diameter R
in air in conduit
IND Q/m C, c, C, c,
0,32 0,220 2 0,109 1 0,885 0,026 1 1,349
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 00344 0017 04383 00129 0668
1,02 0,021 7 0,010 7 0,276 4 0,008 2 0,421 3
NOTE The bundling coefficients are directly proportional to the square of the ratio of the two 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 convenignce,
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 énd-to-end. For testing connectivity,
refer to IEC 61935-1.

Cc.1.2 1-pair cabling

The DC loop resistance requirements of a 1-pair, channel can be calculated using Table B.2
for DC resistance of 90 m of single pair cable§;yt0 m of single pair cords, and 4 connections
with 0,10 Q per connection. For example, fé/a" T1-B channel the maximum DC resistance is
typically 17 Q.

The DC loop resistance is dependedton the conductor diameter and length of the cabling.
Selecting a larger conductor diamgter is one way to reduce DC loop resistance and improve
both energy consumption and-h@gating. Careful attention to cable routing to minimize cable
lengths will substantially decrease DC loop resistance.

While the values in Tahle-C.1 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 consumption and
heating. Careful " attention to cable routing to minimize cable lengths will substantially
decrease DC.loop resistance.

C.2_CPDC resistance unbalance (within pair)

C2.1 General

The resistance unbalance within a pair, R is defined by:

u,pair’

Re1—R
Ry pair = [Be1 = Rea x100% (C.1)
7 Req+ Reo



https://standardsiso.com/api/?name=db71cfdbfd57b8f154b4c954f7bff4a5

ISO/IEC TS 29125:2017+AMD1:2020 CSV - 31 —
© ISO/IEC 2020

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 cable, connector, or channel are
specified in ISO/IEC 11801-1. For convenience, Table C.2 shows 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%3%2
o/) e c,d
Category 6 <25%?2 <50 mQ b < 3 %4 ,7or < 200 mQ
Whichever is greater.
Category 6,, 7, 7, <2,0% a°

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

b Maximum difference between any two conductors of Category 5, 6, 6A, 7, 7A 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 fer the DC resistance unbalance expressed as
a percentage to exceed 3 %.

€ When measured in accordance with IEC 61935-1.

Cc.2.3 1-pair cabling

The DC resistance unbalance requirenients of each pair of a cable, connector, or channel are
expected to be similar to those of €ategory 5 components of Table C.2.

C.3 DC resistance unbalance (pair to pair)

The pair-to-pair DC résistance unbalance R, petween pairs IS defined by Formula (C.2).

Ry1—R
p1— p2
Ry between pairs = u x100% (C.2)
Rp—] + sz
where
R4 is the DC parallel resistance of the conductors of a pair,

Rp2 is the DC parallel resistance of the conductors of another pair.

and

Ry = Rgq X Rep I (Rgq *+ Reo)
where
R4 is the DC resistance of one conductor in a pair,

R is the DC resistance of the other conductor in the pair.
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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 unbalance 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° Channel 2
Category 5/Class D
Category 6/Class E
Category 6, /Class E, 5% 7%or0,10, 7%or0,10,

Category 7/ Class F

Category 7, /Class F,

whichever is greater

whichever is greater

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 twp-pairs in parallel.
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 7 %. Field measuremerts may have accuracy
limitations below 0,2 Q.

When measurements of DC loop resistance are used to calculate pair-to-pair ,DC\resistance unbalance, the

accuracy of measurements of DC 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 smaller 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 cableswith 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 specific
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, ns, N and 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—thirh-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 optignal 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
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
<& »' &
< L]

Yy ___VY___

"perfect" bundle

IEC

A
\ 4

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 so 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 wound around formers at either end or by individual
cables with pairs connected together at each end.

g ——p
b oo sesos an
""""" 2000000000
300000000000
—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
—
OOXOOOOT OOOCOOOOC —OCOCOOOCC ]
- 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
(Toar Tops Toe @and T,y) shall be placed on the middle of its length, with each one measuring
the temperature of successive cable layers, and one to either side (T, and T,) 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

idarad AadAtiANA] A thhat ~f T T and T Lf it i
ERLIZZ - LA BN CR L L

infoarmmation feam thaon tharma A~~~ NI~ 1o A~
infermationfrom-thesethermoecoupltesisconsideredadditienalto-thatof
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)

Detailed test procedure

S
?~
%&

F.1 General O%A

In the testing performed to derive the data presented in this document, cable bundles wer Q/
carefully formed leaving little or no separation between cables. This was done to obtain wa
case temperature rise results. Q :

The method applies to both 4-pair and 1-pair cabling although Figures F.1 to F.4 s@#pair
implementations. ,\X
N

Q
0‘%
'\(f'o

F.2 Test set-up

F.21 Thermocouple placement (19

A slot is cut in the cable jacket to provide access to the ce of the cable as shown in
Figure F.1. When cutting the jacket, it is important to er@re that the insulation of the
individual pairs of the cable is not damaged. \\

S
%\% IEC

Q.Q Figure F.1 — Placement of thermocouple

QThe thermocouple is secured in place by compression and wrapping with tape as shown in

Figure F.2. This cable will be the centre cable of the cable bundle.
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Figure F.2 — Securing of the thermtc;o%ple

F.2.2 Measurement of cable bundle in air ()\\@

A single length of cable is wrapped continuously ar two anchored PVC pipes to form the
cable bundles shown in Figure F.3. The anchoredPVC pipes are 3 m apart and secured to
two 50 mm x 3 m boards. Q<<

L
N
%
$\‘°
R\4
xO
O
)
S
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\/ IEC
N
Figure F.3 — Test Q—up for cable bundles in air

The bundle on the left is a cableﬁ)ﬁdle 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 current flow through each pair of the cable when connected to a
current controlled voltage s@ce.

F.2.3 Measurem@\\}%}f cable bundle in conduit

A conduit is spli wn the centre and assembled around the same bundles used in the set-up
for cable bunc@ easurement in air. The conduit is split longitudinally in half, placed around
the bundles,(@and then secured in place with hose-clamps as shown in Figure F.4.

O
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\_J IEC

Figure F.4 — Test set-up for ca@e\bundles in conduit

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

\‘QQ)
&Qﬁ
. @L\O
)
@OQ
e\%o
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INFORMATION TECHNOLOGY -

TELECOMMUNICATIONS CABLING REQUIREMENTS
FOR REMOTE POWERING OF TERMINAL EQUIPMENT

1

2)

3)

4)

5)

6)

7)

8)

9)

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 technical
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. In the field of information\technology,
ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

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 National Committees and ISO member bodies.

IEC, ISO and ISO/IEC publications have the form of recommendations for intermational use and are accepted
by IEC National Committees and ISO member bodies in that sense. While all‘reasonable efforts are made to
ensure that the technical content of IEC, ISO and ISO/IEC publications is accurate, IEC or 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 National Committees~and ISO member bodies undertake to
apply IEC, ISO and ISO/IEC publications transparently to the maximd¥m extent possible in their national and
regional publications. Any divergence between any ISO, IEC ¢r 1SO/IEC publication and the corresponding
national or regional publication should be clearly indicated in_the)latter.

ISO and IEC do not provide any attestation of conformity(independent certification bodies provide conformity
assessment services and, in some areas, access to |[EC marks of conformity. ISO or IEC are not responsible
for any services carried out by independent certification ‘bodies.

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

No liability shall attach to IEC or ISO or-its' directors, employees, servants or agents including individual
experts and members of their technicalscommittees and IEC National Committees or ISO member bodies for
any personal injury, property damage or‘ether damage of any nature whatsoever, whether direct or indirect, or
for costs (including legal fees) and «expenses arising out of the publication of, use of, or reliance upon, this
ISO/IEC publication or any other [EC) ISO or ISO/IEC publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the corregt application of this publication.

Attention is drawn to/the possibility that some of the elements of this ISO/IEC publication may be the subject
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendment(s) has been
prepared for.user convenience.

ISO/IEC. TS 29125 edition 1.1 contains the first edition (2017-04) and its amendment 1
(2020-05) [documents JTC1-SC25/2919/DTS and JTC1-SC25/2945/RVDTS].

This Final version does not show where the technical content is modified by
amendment 1. 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 subcommittee
25: Interconnection of information technology equipment, of ISO/IEC joint Ytechnical
committee 1: Information technology.

This first edition constitutes a technical revision.

This edition includes the following significant technical changes with-respect 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,rise 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 its,;'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

SHdane

gtHdance—on—hew—eabling—instaltations—and—renevations—The—eustomer—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 mating and un-mating of connectors that convey remote power.

This document does not include requirements/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. Thisdocument 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 nfuture 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 the amendment

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



https://standardsiso.com/api/?name=db71cfdbfd57b8f154b4c954f7bff4a5

- 8- |ISO/IEC TS 29125:2017+AMD1:2020 CSV
© ISO/IEC 2020

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/to.500 mA;

e 1-pair balanced cabling using currents per conductor of up to 1.000"mA;

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

b) covers the transmission and electrical parameters needed jto 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 mathematicalkmodel to predict the behaviour of different bundle
sizes, various cabling constructionsi 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 following documents 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.

[SO/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

prnmiene r‘nhling — Part 2: Plnnning 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

EFor the purposes of this document the terms and definitions given in ISO/IFC 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 (one, or several conductors) can support resulting in a
specified increase of temperature «0f*the conductor beyond the ambient temperature, not
exceeding the maximum allowed operating temperature of the cable

[SOURCE: IEC 61156-1:2004/AMD1:2009, 3.24, modified — "increase of temperature" has
replaced "increase of the_surface temperature".]

3.1.5
remote powering
supply of powerto application specific equipment via balanced cabling

3.1.6

temperature rise

difference in temperature between the initial temperature of the conductor without power and
thefinal 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,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_%f 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 conductor¢chas a temperature rise. Larger cable bundles have
more heat generation and therefore thestemperature 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.témperature 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 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 NNk or channel and can mit the capability of the cable for remoie 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 generation (Joule effect) in the conductors. Depending on cable
construction and installed cabling conditions, the heat generated will be dissipated into the

surrounding environment until a steady state 1s reached with the temperature ot 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 require this temperature to be 60 °C
(minimum).

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 maximumplength of
the channel or link should be reduced based on the maximum temperature of the €able 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 cerds 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 ¢he 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 JFables 1 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
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
125 439 352 539 453
N 15 481 386 591 497
- 175 520 417 638 537
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 ot typical cables and cords.
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Table 5 — Maximum current per conductor versus temperature rise

Temperature rise | Current per conductor 0,57 mm diameter Current per conductor 0,40 mm cords
°c mA mA
air conduit air conduit

5 866 738 608 518

7,5 1061 904 744 634

10 1225 1044 860 732
12,5 1370 1167 961 819

15 1501 1278 1053 897
17,5 1621 1381 1137 969

20 1733 1476 1216 1036

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.

Table 2 shows current capacity for different categories of 4-pair cable, independent of
construction, for a given temperature rise. Table 6 shows cudrrent 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
8 351 282 431 363 493 414 535 459 535 459 649 528
10 393 315 482 406 551 463 598 513 598 513 725 590
12 430 ’:j\ 528 444 604 507 655 562 655 562 795 646
14 465 ('&9)3 571 480 652 548 708 607 708 607 858 698
16 42 © 399 610 513 697 586 756 649 756 649 918 746
18 ~5 423 647 544 740 622 802 688 802 688 973 792
%56 446 682 574 780 655 846 725 846 725 1026 835

JTemperature 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

0,32 mm 0,40 mm 0,51 mm 0,57 mm 0,65 mm 0,81 mm 1,02 mm

diameter diameter diameter diameter diameter diameter diameter
AT mA mA mA mA mA mA mA
°C | air [conduit| air |[conduit| air |[conduit| air |conduit| air |conduit| air |conduit| air | conduit
2 |307| 262 384 327 490 417 548 466 624 532 779 663 981 835
4 |435| 370 543 463 693 590 775 660 883 753 | 1101 938 |1387| 1181
6 |533| 454 666 567 849 723 949 808 [1082| 922 | 1349 | 1149 [1699| 1446
8 |615| 524 769 655 981 835 1096 | 933 [1249| 1065 | 1558 | 1327 1962|670
10 |688| 586 860 732 |1096| 934 1225 | 1044 [1397| 1190 | 1742 | 1484 |2 1941 1867
12 |753| 642 942 802 (1201| 1023 | 1342 | 1143 (1530| 1304 | 1908 | 1625,/2,403| 2 046
14 |814| 693 |1017| 867 |1297| 1105 | 1450 | 1235 1653|1409 (2061 | 1756'|2596| 2210
16 (870| 741 |1087| 926 |1387| 1181 (1550 | 1320 |1767| 1506 |2203~+V1877 [2775| 2 362
18 |923| 786 |1153| 983 |1471| 1253 | 1644 | 1400 |1874| 1597 | 2337 1991 |2943| 2506
20 (973 829 [1216| 1036 |1551| 1321 1733 | 1476 |1976| 1684~ 2463 | 2 098 |3 102| 2 641
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
conductor diameters of cable. Manufacturers' and/or suppliers' specifications give information relating to a
specific cable.
NOTE The current per conductor for each 1-pair cable is alsg’dependent on the cable construction.

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 atmosphere, 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

Thisvdocument 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.

This document 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 1 000 mA per conductor
for 1-pair cable bundles of different count.
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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 36 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‘Q 5,7 8,5
52 20,3 31,4 13,8 19,3 10,6 14,8 9,0 12,0 9,0 ‘@2‘6 6,0 9,0
61 22,7 34,9 15,5 21,6 12,0 16,6 10,1 13,4 19}5\‘/13,4 6,7 10,0
J
64 23,5 36,1 16,1 22,4 12,4 17,1 10,5 13,9,. 51 13,9 6,9 10,3
74 26,0 39,8 17,9 24,9 13,9 19,1 11,7 15‘(2 11,7 | 15,4 7,7 11,3
91 30,1 45,9 21,0 29,0 16,4 22,2 13,8 (/G),Q 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 of 500 mA per conductor, for all pairs in all cables in

the bundle.

NOTE 2 The current per conductor for each category.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)

Temperature rise

°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 0y4
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 3,2 134 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 4,6 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 39 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 |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 |78 10,4 5,0 6,7 3,2 4,2
91 36,7| 484 |[235| 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 not reeemmended.

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 upaon_a‘current of 1 000 mA per conductor, for all cables in the
bundle.

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

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

a) reduces the impact 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
[oss (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),

P wirbiaeb—d ro-ae-oe—-ar—itunitl £+
SIZCWINmCT I Ut oTTasSTS P a1ty

>

— improving thermal dissipation by selecting cable with

improved heat transfer coefficient between materials within the cable,

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,
— reducing the number of cables per bundle and avoiding tight cable bundles,

— selectionof Qpplir‘afinne 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.bundling
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 withinvyas 37-cable bundle for
different 1-pair cable constructions in air. Figure 1 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 2 shows this data in graphical form.

The recommendation of ISO/IEC 14763-2 for 4-pair(eable 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.¢ords,

4) higher currents up to 500 mA per.egnductor 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)

AT (°C)
N°<;. 8-4-mm-—eords Cat-5-eables Cat-6-eables——Gat-6eables—GCat7eables Cat-Feables
pairs cond- cond- cond- cond- cond- cond-
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 5,5
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 4,7 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 {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 of 500 mA on each enetgized 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

AT (°C)
Bundle size Current (mA)
200 400 600 800 1000

7 0,103 0,413 0,93 1,653 2,582
19 0,18 0,722 1,624 2,887 4,511
37 0,266 1,065 2,396 4,26 6,656
61 0,36 1,442 3,244 5,767 9,01
91 0,463 1,852 4,166 7,407 11,573

Temperature rise above A0\C shown in grey background is not recommended.

The values in thisttable 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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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 0,572 mm conductor diameter
1-pair cable versus current for different bundle sizes in conduit
AT (°C)
Bundle size Current (mA)
200 400 600 800 1000
7 0,15 0,6 1,351 2,401 3,752
19 0,255 1,02 2,295 4,081 6,376
37 0,367 1,467 3,302 5,87 9,171
61 0,485 1,941 4,366 7,762 12,128
91 0461 2,439 5,488 9,756 15,244

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

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 « Fhe temperature 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

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 tempefature and limit the temperature rise to 10 °C, for
the minimum Category 5 cables supporting.5600 mA per conductor, 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 ISO/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 recdord 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  4Spair 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.

Remoie power may be provided io 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)

Alternatively, remote power mayibe supplied by mid-span power source equipment
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 shallsmeet 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. 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 terminalt\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.

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 compénent 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 Powe€p ‘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 particularchannel prior to un-mating connectors.

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

8.2  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 may deteriorate as a
result «ofmating or un-mating under electrical load, leading to possible degradation of
transmission characteristics (see IEC 60512-99-001). 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.

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
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 engaging and separating connectors under electrical load is described in
IEC 60512-99-001.
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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 60512-99-002). 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 60512-99-002.
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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 additionat
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 consttuction
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-configured 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 notimeet 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 temperatures 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 ef the unpowered
bundle) and the outer surface of the bundle.

9 LY X
4 I ) 'S ,

A Ty,

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 from-the 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
is the current per conductor (A) = 0,5 times the current delivered by a pair;
is the number of conductors per cable carrying remote powering current (i)

=2 timac tha niimhar of nairc carryina ramata Nnawarina currant:
=—HHReStHeHRdHpBe—o—paHSeaH -y RgFHehRotepoweHhRg-6uHehts
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
underestimate of the temperature rise.

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

B.3.1 Model equations

AT, = PuxP Y VE. LYo (B.2)

[dx\/ﬁxz\;/%xTJ (¢ xN 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 at~least 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 ongoing and may lead to a refinement of these models.
B.4 Temperature difference from bundle surface to bundle centre (AT7,;)
B.4.1 Model equations

ATth — ptth ~ pth XP °C (B3)
4xm 12,6

where

P (ds'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:

— py. =5 for U/UTP cable constructions:
—  pn = 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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