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INTERNATIONAL ELECTROTECHNICAL COMMISSION
MULTICORE AND SYMMETRICAL PAIR/QUAD CABLES
FOR DIGITAL COMMUNICATIONS -

Part 1-4: Symmetrical pair/quad cables with transmission
characterlstlcs up to 1 000 MHz - Conductor heatlng of bundled data
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IEC-PAS 61156-1-4 has been processed by subcommittee 46C: Wires and symmetric cables,
of IEC technical committee 46: Cables, wires, waveguides, R.F. connectors, R.F. and
microwave passive components and accessories.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
46C/912/PAS 46C/918/RVD
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Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned may transform it into an International Standard.

This PAS shall remain valid for an initial maximum period of 3 years starting from the
publication date. The validity may be extended for a single period up to a maximum of 3 years,
at the end of which it shall be published as another type of normative document, or shall be
withdrawn.

A list of all parts of the IEC 61156 series, under the general title: Multicore and symmetrical
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The 'colour inside’' logo on the cover page of this publication indicates that'it cohtains colours
which are considered to be useful for the correct understanding\of its\contents. Users should
therefore print this document using a colour printer.
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MULTICORE AND SYMMETRICAL PAIR/QUAD CABLES
FOR DIGITAL COMMUNICATIONS -

Part 1-4: Symmetrical pair/quad cables with transmission

characteristics up to 1 000 MHz — Conductor heating of bundled data
grade cables for limited power transmission based on IEEE 802.3

1 anpn

Thig PAS is a technical supplement to IEC 61156-1, edition 3 (2007):

> t/core ang
symmetrical pair/quad cables for digital communications — Part 1: Generit\s l

This

due

Itg
suc
occ
rigo

NOT
espqg

vers
highe
additi

This
arra

a) ing method to assess the heating gradient across
to d.c. power transmission, using for the incident ang

non mode circuits of either two or four pairs
b) e worst case assessment of the conductor and cable heating

environment freg gf any air draft, the heat dissipation thus being achieved by undisturbed
convection into the surrounding environment;

c) losprevide some explanatory background information on the heat dissipation of heated
conductors, insulated conductors, pair and cables, both screened or unscreened;

d) to provide means to assess the installed base of data grade cables with a view to their
compliance with the requirements of either PoE or PoEP, if required in a comparative way,
but based on the resistance assessment of at least one short cable length withdrawn from
the installed base by replacement;

e) to indicate the basic physical assessment proceedure, based upon the testing of a cable
bundle according to item b). A comparable heating trial on the same cable bundle, but
under restricted heat dissipation conditions, yields then some indication of how to assess
the maximum occurring temperatures under these conditions;

f) towards this end, the densest hexagonal packing configuration has to be simplified, using
an equivalence in order to allow a consecutive evaluation of the heating under any heat
dissipation restriction using a layered structure of the cables and the interstitial air spaces
within the bundled structure.
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For this purpose a test method is provided:

NOT]

of th els (for instance feeding bundled cables through
insulati i i £ §CO Nthi AS. Thls has to be initiated and be taken care of in ISO/IEQ
JTC L ation guide. This is the reason that here only genera
guide

The : 5 abJ€ testing if higher currents than those resulting out of the basig
spedifi .C. i 8 ified curyents for the IEEE 802.3 PoE / PoEP protocol are required. Thig
woul iSsi igher powers at the same maximum ambient temperature of 60 °C
with gtk i 8 ible conductor temperatures in the cable. This may be applicable to highe
perf i } cases where the user really needs the transmission of higher power levels than
antidi j E

In the S agificalio of their conductor heating properties has to be assessed, and the cable performancg
has [

The PAS is written in a general way, thus covering not only horizontal cables. Stranded cord cables will have to bq
evalyated as:well, and this very carefully, as they are so far installed in the equipment rooms in higher cable coun
bundles,as well. This PAS establishes some basic guidelines to deal with these problems.

Th ||cau||y III l.IIID I_I'\Q Ib LIIC IUDUIL Uf thc IUDIDLGII\JU VVIIIl.aII ID apculllcu III :EC G11rG 5 dalilyu

— to allow the evaluation of the heating of the conductors of cable bundles where all (or a
certain percentage of the cables) are exposed to powering. Additionally is considered
the case that either two of four pairs in a cable are used for d.c. power transmission;

— to measure the temperature of | 1+ 26 - n | cables in hexagonal densest packing
n=1

structure, in order to allow the assessment of the temperature gradient and the heat

insulating propt?rties of the cables. The densest packing of cables represents the worst

case situation

— to provide a means to assess the performance potential of an instalted\base of.dat3

IACS;

— to allow the assessment of the d.c. current transmissi
newly developed cables (these cables may be made
principles);

efmances. The variable heat insulating propertieq

IEC 61156-6 as 19 [ohm / 100 m] and 29 [ohm / 100 m].

Later in this document, a method is given to determine the equivalent diameters for bundles of densest packing,
having approximately the same dissipation properties with respect to convection and radiation. This may be
interesting for modelling purposes, in case a statistical current loading situation may have to be evaluated,
especially in cases where the convection is severely restrained due to surrounding insulation material or any
other means to prevent the targeted heat dissipation by radiation and convection.
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Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of

the

IEC

referenced document (including any amendments) applies.

61156-1:2007, Multicore and symmetrical pair/quad cables for digital communications —

Part 1: Generic specification

IEC

61156-5:2009, Multicore and symmetrical pair/quad cables for digital communications —

Par

Horj

IEC
Par
are

IEE
infol
req
Acg
(DT

IEE
Acc
(DT

3.1
Op4

Twaq

b 5: Symmetrical pair/quad cables with transmission characteristics up to 1 000 MHZz .
zontal floor wiring — Sectional specification

61156-6:2010, Multicore and symmetrical pair/quad cables for digit8& ynications -
F 6. Symmetrical pair/quad cables with transmission characteristic ) ) ork
b wiring — Sectional specification

F 802.3af-2003, IEEE Standard for Information technoley wnicdtions and
ymation exchange between systems — Local and metrop Ilta 9 a ks — Specifia
irements — Part 3: Carrier Sense Multiple Access i6n (CSMA/CD

ess Method and Physical Layer Specifications —
F) Power via Media Dependent Interface (MD|

erminal Equipmen

F 802.3at-2009 Part 3: Carrier Senseg ] I on Detection (CSMA/CD
ess Method and Physical Layer Speciica S y ] 3: Data Terminal Equipmen
F) Power via the Media Dependent

Terms, definitions;

Terms and defi

n thermody s s PAS, thermodynamic open systems are considered.

systems differ from the usually consideref
systems in the classic thermodynamics, which have
generally a constant mass flow going in and out over
the system borders. In the present case, the systemp
have a constant mass flow equal to zero and an energy
transfer over the system borders, i.e. an energy influk
and/or outflux. This energy influx/outflux may be basef
on electrical energy going into the system and being
transformed therein into heat or on any other kind df
heat transfer, be it by radiation, conduction qr
convection, or any combination thereof.

-difmensional systems - In this PAS, a two-dimensional thermodynamic systen

is—urnderstood—as —a cabte—or ctabte—burdte—which s
homogeneous in longitudinal direction, heated by an
electric energy influx, dissipating and/or absorbing
energy over the system borders in radial direction. The
dissipated and/or absorbed energy may be transferred
by radiation, conduction and convection or any
combination of the latter.

Hence the cross-sectional system borders of a two-
dimensional system are subject to a radial energy flow,
which is only in case of a thermal equilibrium constant
and equal to the sum of the internally produced heat
and energy influx minus the energy outflux by
radiation, conduction and convection.
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Excess energy

Concatenation of systems

Longitudinal open systems

—9-—

is the sum of the internally produced heat and energy
influx minus the energy outflux under thermal
equilibrium conditions. It is this excess heat which is
the culprit for the heat increase of the conductors.
concatenations of thermodynamic systems are only
understood in this PAS as concatenations in any of the
radial directions, while all the concatenated systems have
the same longitudinal dimension.

such systems are understood here as systems which
in the main dimension — here the cable length — are
homogeneous with respect to the electrical energy

Elegtrical energy influx

Internally generated heat

Radial energy in — or outflux

NOT]
desd
defirjitions are not met, then the ¢
vary 1
instdllation conditions, when the
easi E

As this aspect has t

conversion into heat within the systems.
is the electrical energy influx over the open-thermodynamid
system borders at one or bot

longitudinal extensions (this allox unlikely
testing under a powering of the"p r one
or both sides open)

is the internally generated™s icvinflux

corresponding to IR+t [

of the system
outflux of ene e~gystem or incrementg
thereof. Botk inf : Jutflux can occur fol

this feport.

This

instg

3.2

N

n

RRi

Rp resistance of the concatenated quad conductors of a cable for one- or two-pair
heating at 20 °C [Q/1 g]or[2:Q/1 g] depending upon one- or two-pair heating

I B length of the cable bundle [m]

i summation counter for one- and two-pair heating [ - ]

m indicator for 2-pair (m = 2) or 4-pair (m=4) heating [ - ]

ReT resistance of the entire concatenated bundle at the temperature Tin[Q/1 g]or
[2-Q/1 g]

RBm measured resistance of the entire concatenated bundle under heating condition,
but after having reached thermal equilibrium [Q/ 1 glor[2:Q/ 1 5]

o temperature coefficient of the resistance [ - ]

T temperature under heating and thermal equilibrium conditions [°C ]
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TR reference temperature of 20 °C or the measured temperature of the air
conditioned room. In the latter case, the resistance at room temperature has to
be measured precisely [°C ]

UTest min. minimum voltage which has to be precisely measured by the used volt-meter [V]

ITest constant current applied to the conductors [A]

Q generated heat in the conductor at any time t [W-sec/m]

Cond. suffix to describe the heat generated in one of the conductors forming the
“‘common mode” lead for powering

R () conductorloopresistance-at-the-timet

t time elapsed during which the conductor is exposed to the current. This timg
has to be sufficiently long to reach thermal equilibrium

QEX t—> e

Qo t -

Q t > oo

Q Radiation t oo

Q Conduction t oo

Q Convection t oo

-/ 4

AT

R(TrR) specified or measured d\.c. Is st

UMt e canductops under thermal equilibrium

p (1) perature/of T [Q-mm?/m]

p 20 °C ture of 20 °C [Q'mm?*/m]

ro

r

re

af

q

F (

k heat transfer coefficient

Ko heat transfer coefficient at a temperature TR

K coefficient of the temperature dependence of the heat transfer

ka heat transfer coefficient of air

T; temperature at the inner surface of a layer

Ta temperature at the outer surface of a layer

Ra outer radius of a layer

Ri inner radius of a layer

QAn heat transferred through the n'™ air layer

Dan logarithmic mean of the inner and outer transfer surfaces of the n™ air layer

Qcn heat transferred through the n" cable layer

logarithmic mean of the inner and outer transfer surfaces of the n" cable layer
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Q(n) total heat generated in the n" cable layer

Q(0) heat generated in the centre cable

T(n) logarithmic mean temperature of the helical conductors within the cable jackets
TAmbient ambient temperature the cable bundle is exposed to

dco dissipating surface of the centre cable

Q(N) heat transferred to the environment through the multiple layers

4 Ih_e_testing of bundled cables

4.1 General comments

Any| standard and code considering the “ampacity” of conductors refg
surflace temperature. This results from the historical fact that someti
use}j for the power transmission at high frequencies. In this case,
surface is affected by the mode of transmission.

Some concepts to correlate the attenuation to the d. c. resista
this| case, for all practical purposes, they are not appli abl
cables are used as quads for the d.c. transmissior eldi
confductor” combinations for the power transmissiomover o
purposes beyond the scope of any cables andar > il
confductor” configurations, to be abl
frequency. Furthermore, it has to be realizedtha

e impedance\roughness scatter so widely for
issior performance that such an approach

a) fhe impedance variations as well (as t

between the ¢

c) [here are no me ’ the common mode impedance and attenuation
bnly ones req‘

Herlce, this PAS s y ductor temperature as the current transfer within thg
IEEE PoE / PoEP proto . d.c. currents over the common mode circuits of either 2
or 4 pairs. i O onductor temperature is based on the specified cable d.c
resistance uniform across the cross-section, though there is in reality 3
very minQr texapera dient occurring due to the heat dissipation through the insulation
However, thi fRctN dlutely negligible due to the very good heat conductivity within the
confductor. Infa t this\effect is so small that it escapes any measurement accessibility.

As p result, in this PAS, the conductor surface temperature is equated to the conductor
temjperature.

This temperature is of outmost importance for the suitability of the insulation material at the
interface, in order to avoid an overheating and a consecutive degradation of the insulation.
Otherwise the health and safety issues cannot be guaranteed, as a melt down and the potential
danger of self-ignition may otherwise occur.

The PAS is written in a general way, thus covering not only horizontal cables. The testing of
stranded cord cables is covered as well, as they are installed in and close to the equipment
rooms in higher cable count bundles as well.

4.2 The bundling of cables

To determine the maximum permissible heating of the data grade cables under simultaneous
PoE / PoEP deployment, the consideration of the worst case conditions prevailing has to be
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considered. This condition occurs in tightly bundled cables in the hexagonal densest packing
configuration. Therefore, this PAS focuses basically on such configurations.

The hexagonal densest packing structure is characterized by the following number of cables in
a bundle:

N=[1+26-n]

™

n=1,7,19,37, 61, 91, 127, ....

whe

N

n

Her|
bun

In th

und
the
the
sho
ove

If a
pur

conpection into accounpbor sin

The
sch
wire
coe
mix

Bef
the
insy

Itis
the

for te entire heat dissipation to the environment. The hea

re

s the total number of cables in the hexagonally densest packing st

s the number of layers, surrounding the center cable.

e the value n has to be selected in such a way as to cope wit
dle sizes envisioned by the user.

considered case, only the radiatioR and g, as the cable structure

uld be freely suspended in the air conditioned en¥ron _n this case, the convection
I the strings to suspend the bundled

bundling of 2 7 s"to be made using appropriate lay plates, ag
ematically indisgtedhinnFigure k. \The cables are kept in place using either insulated coppe

as a string or,8 tte\a\pdly-aramid yarn, as it has a negative temperaturg
fficient (best is Z

le out of the lay plates, the bundle has to be secured, starting from
middle be \e fwa lay-plates in both directions with either a poly-aramid rowing or an
lated coppercondyctor, and this in an helicoidally way, up to a point close to the lay-plates.

adyisable to prepare the cable ends extending from the lay-plates for the interconnections
leeping and the measurements, and this prior to pulling off the lay-plates from the cable

bun

"1
IT.

Close to the lay-plates, a straight tangential fixation of the cables should be used.
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Lay - Plate Distance :
-~ Jj -bm — >
Insulated Wire String
| Poly — Aramid Rowing \

LoLoLagpLoaoaoaoo
OO Y I PP YN

D!

Lay — Plate n = 0...4, _
i.e. for 61 Cables Lay - Plate Fi

Figure 1 — Lay-plate arrangement for stringing up and fix to maintain
the densest hexagonal packing structure, hefe showndo ble bundle

rdbodrd - askC}’I istance :

Cardboard - Mask - Plate

- >
N I
S |
Oé) ' ) 3
: i

Foam Sprayed on Cardboard — Mask — Plates

Figure 2 — Arr emegnt of cardboard—mask—plates over the ends of the cable bundle
to apply the insulating foam over the ends of the bundle

Oncethetabfe bundte s tightty fixed, it Tanm be takem out of the fay-ptates, after fimisting th
preparation for the concatenation and interconnections of the cables in the layers and between
the layers. This may also entail a precise cutting of the length of the cables relative to the lay-
plate distance. Only after removal of the lay-plates can these interconnections between the
layers and the preparation of the ends for measuring purposes be made.

Then — and this is important — the ends of the bundle have to be covered with a thermal
insulating foam. Such foams are available in every hardware store in the form of pressurized
spray cans. The end, where the connections between the concatenated common mode circuits
of the pairs are only located, can thus be insulated, using a cardboard mask to avoid spilling of
the foam over to the radial exposed surfaces of the cable bundle.

A similar mask shall be used also on the connection and measuring side of the cable bundle.
Here small pieces of a polymeric tube should be used to protect the access of the end of the
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cables used for the measurements. These tubes can be removed after application of the insulating
foam, provided they do not adhere to the foam. This implies the use of pieces of either
polytetrafluorethylene (PFTE) tube or other polymeric tube pieces covered with silicon oil.

The applied foam spray layer on the ends of the cable bundle should be of approximately 2 cm
to 3 cm.

4.3 The suspension of the cable bundle

The cable bundle has to be suspended ina free spacein order not to restr|ct the convect|on of
the pe viroRmen

Theg cable bundle should be suspended, |n order o Raye jt.i
undjsturbed convection to the surrour

suspended in air using a suitable supgort’s

distance between the support or rack and
the |ground and neighbouring walls and
schpmatically shown in Figure 3.

nce of approximately 1 m tg
ve ceiling of approximately 2 m, ag

A draft which may be created e
suithble baffles, to protect ths

Only when the c 2
endp be completed\Fhex

In the case that sgfn
insthlled.

Accprding tothe optign
the | meas

sugpested at
from the outsi e center. To introduce jumpers in between the cables is trivial and
not felaborated{here in ynore detail.

If the measurement cables are used for the inter-layer connections, then it is also feasible tq
simply<heat any layer by itself and measure the resulting temperatures in the other layers
inclUding the center cabie.
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If alsmall heavi
affgcting the concaié
higher number of hga

sonje of the outeq
would yield a ve

Onge all
for ¢ontiny

Then the reference.copductor pairs of the measurement cables should be connected to a high
pregisionsesistance meter or, better, a bridge, usually used for determining the conductivity
using flexible heavy gauge-size leads. The measurement itself has to be made after a sufficien

timg <16/ guarantee thermal equilibrium of the cable bundle with the surrounding room
temi f - 41 - . I — i

on the bundle size of the cables. Thus for insta’nce, it has been shown that4 h are ’close to the
equilibrium condition for a 37-cable bundle).

To minimize the end-effect, itis recommended to use an insulation foam spray, to cover all the
cable ends, with the exception of the feeding leads of the measurement cable access points.
Such thermal insulation foam sprays (polyurethane-based) are available in any hardware store.
To foam insulate the ends, two semi-circular cardboard plates with a center hole corresponding
to the cable bundle and having a diameter approximately 20 cm larger than the cable bundle
should be used very close to the ends of the bundle, such that the heat dissipation goes really
radial off the surface of the cable bundle.

End caps on the cable ends are not recommended, as they fan out the cable ends, and thus
increase only the end-effect error.
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4.4 Assessment of the concatenated loop resistance of all pairs

To verify the suitability of the used constant current power supply, itis recommended to assess
the total loop resistance, which has to be heated either in a 2- or 4-pair powering set-up.

Only hexagonally densest packing structures of cables have a repetitive heat dissipation
performance in a well defined environment.

Therefore, it is mandatory to use bundles of (1 +> 6- n} cables, i.e. cable bundles
N m 7

arrgnged in such a configuration. These bundles shall have a minimum length suijtable to mateh

the javailable constant current source, the milli- or micro voltmeter available e

floating resistance meter or bridge.

It is
min
alre
foa
me
eac

The
any

Oby
con

If fo
cab
cab

Rg

whdgre

R B iS thc Fest
20 °C;

(7]

1 g s the length of the cable bundle;
R ri is the roundtrip resistance of each pair (of course, considering the common mode
circuit) within the cable;

i is the summation counter of the concatenated common mode circuits in each cable
under 2- or 4-pair heating;

m is the indicator for 2- pair (k = 2) or 4-pair (k=4) heating.

The temperature coefficient of the resistance increase, using Equation (15), further down yields
then:
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1
lg-k-[1+a-(T-Tg)]

Rg1=Rgm- [Q/m] (3)

where

R gt is the resistance of the entire concatenated bundle at the temperature T R [ Q/m ];

Reg

m is the measured resistance of the entire concatenated bundle under heating condition,
but after having reached thermal equilibrium [Q/ 1 glor[2:Q/ 1 31;

T
Tr

Her
sou

5.1

The
indi
avo

The
indi
locd

IS The Temperature under neating condituon in| "C [

is the reference temperature of 20 °C or the measured temperature of the™ail
conditioned room. In the latter case, the resistance at room tempe as to bsg
measured precisely [°C ].

ce the minimum voltage U Test min. across the conductors subj
rce with a current level of | Tggt is:

estmin. = ITest 'RB T

re

st min. is the minimum voltage

is the current to be supph

ce the used voltmeter has to be cap?

The temperature a

specifics of t
cated for explgnat
d any ambiguities.

Cable Bundle for the Heating Trial
(here is shown a 61 Cable Bundle)

Indicated are the Cables used for
Measuring the Temperature over
the Resistance Determination.
These Cables serve also to
interconnect the Layers for the
Continuity, using a constant
Current Power Supply

Figure 4 — Cross-section of a cable bundle used for the test,
here a bundle of 61 cables

The cables used for the “temperature” measurement, are also used to concatenate the layers of

the

bundles. This is shown in Figure 5 as well as in Figure 6 and Figure 7 in all details.
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5.2 The temperature measurement

To measure the conductor temperature poses a problem. To measure the resistance of one
conductor as a means to determine the temperature may be objectionable. The use of
thermocouples or resistance temperature probes in a cable bundle would yield only a point
measuremen;. Furthermore, it results only in a very crude approximation of the real conductor
temperature

Thermocouples or probes will have to be minuscule in size, i.e. not only very small, and the

problem of introducing them up to the conductor surface is very difficult, if not impossible
without dpetrnying the infpgrify of the cable and insulation

on the conductor temperature, hence the measurement of the jacket surfagce temperature ha
to ke discarded. The same is also true for the insulation temperatyfe of €ach individu
confductor.

To measure the jacket surface temperature in a cable bundle does not allow adire tconclusi0}
I

As & result, the pairs of those cables which are powered to asses
are|used directly to measure the conductor temperature. Thig I
firsf| their resistance at room temperature and then foll@ ' fage across the pairs
conhected to a constant current source over time up to Qguilibri

The schematic to connect the pairs for measuring
heating is shown in Figure 4. To measute the

ively for 2- or 4-pai
of heated pairs arg

havg the highest resistance values at ros imorder/to guarantee that the wors
heating conditions are really measured.

Thus, in Figure 4, it is ass
valyes, respectively, of {
temjperature.

Figure 5 gives a
painl heating, indi .

congatenation of all

2 Thermocouples are not defined. The rationale for this is the fact that they may have any diameter and
with it any heat capacity and conductivity, which in this case renders a precise assessment of the
conductor temperature impossible. Furthermore, the thermocouple should be in direct contact with
the conductor, which is physically impossible without fundamentally changing the locally prevailing
heat dissipation properties, and therefore also the conductor temperature.
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6\ | = const.
_/

Schematic Set — up for
alternative 2 — or 4 — Pair
Heating

To next Pair in adjacent
Y Cable or Measurement
Pair in next Layer

Measurement
Cable

Interconnection

Figure 6 =View of part of the cable bundle around the measurement cables indicating
he ftemperature” measurement leads and those for the concatenation between
the cable layers in the bundle (here forn=0 ... 4)

Figure 6 indicates a part of the end of a cable bundle used for the measurement of the
temperatures. Here the same pairs as indicated in Figure 10 are also used for the
measurement as well as for the interconnection between the layers.

Cables which are not exposed to a heating current can be measured with a “floating” resistance
meter or a resistance bridge of suitable precision. This may be required for pursuing special
cases — normally outside the scope of this document if, for instance, an entire intermediate
layer or some of the outermost layers are not subjected to current heating.

Therefore, the pairs of the cables are for the testing connected together at their ends. The
current goes in all the cables through the common mode circuit.
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e cables have a cross-web, then this would act as an additional heat barrier between the

different pairs. As it is generally not possible to have equal resistance across all four pairs, the

pair

s with the two highest and with the two lowest resistances should be concatenated for the

two- and four-pair heating. In Figure 12, these are the concatenation of the common mode
circuit of the pairs 1 to 2, and 3 to 4, respectively.

If the objective is the verification and validation of the maximum current limit in the cables of an
installed base, which essentially contain even up to date Cat. 5 / Cat. 5e cables, then a
different procedure shall be used, see 6.2 and 6.3.

Calt

SFT
view
con
cab
deg

It cq
helf
cab
con
helq
bar

5.3

The
eac
moq

Twaq
0,34
or s

H N HEw= HWH- | 1 H o H 1 £ H H
Co willt arririarviuaudl O\;IUUIIIIIU UvVeT Uuaic pClIIO Ul Aa UUITTITTTUTT SUTTTITT UVET dil TUUT '.ICIIIO7 .C
P or FTP constructions, respectively, behave slightly worse from a heat dissipation point.0
. On the other side, UTP cables, although dissipating the heat better, hdve more coppe
ductor length heated per length of cable due to the tighter twist lays us

e. However, this is no more the case for polymeric-me
monly used to ease the manufacturing process. In
to decrease the heat dissipation to the surround
ier.

generated heat Qcgng. in each of
h of the parallel connected conducto
e conductor”) is:

W . sec )
ond. m .
re
d be the heat generated in one of the conductors forming thg
)
currenflevels may have to be to verified, i.e. the actually standardized currents for PoE of

0 Acand for PoEP of 0,600 A. The conductors may be solid (as used for horizontal cables

cordsy3.

tranded conductors (as used for equipment cords, cross-connect cords or work-areg

3

Riser cables in the traditional designs as multiple pair cables have to be tested integrally or, better, replaced by
bundled cables of known temperature rise in bundled condition.
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We have to be concerned here only with the conditions under thermal equilibrium, i.e. when the
excess heat remaining in the considered conductor (or in the 4-pair cable) is equal to the
difference of the generated heat and the dissipated heat, be it by radiation, conduction or
convection or any combination thereof. This state is achieved after a sufficiently long time, here
indicated by t — « :

QEX t—>oo =QGe t—o0 — Q t— o0 with : W
- Sec
QEx t—e = QGe t—ooee — QRadiationt—>oc> |:—:| (6)

_ Q Conduction t — oo — Q Convection t — oo

whdre

QEX t > o0
QGE t —
Qtls

Q ridgiation t >
Q cnduction t —s oo IS the heat dissipated by condu

Q clnvection t — oo IS the heat dissipated\by Canve

It hgs to be made very cle
equjation is based exclus

rigorously only to the centex cong ctor ofg j}€ in the densest packing configuration
Forfall the other cables In , iON s to comprise as well the heat transferred
by radiation, conductiop ahd"sQ ! ayer to layer. In this case — which is importan

for jassessing t i gat dissipation conditions (see Clause 10) -
Eqgyation (6) has :
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Figure 7 — Schematic for connecting the cables in the different layers
for alternatively 2- and 4-pair heating
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_ - +
QEx to o — Q Ge t—oe Q Radiation, t — o +7Q Radiation, t — o
W - sec
- +
- Q Conduction, t = +7Q Conduction, t = |: m ()

- +
-7Q Convection, t — oo + Q Convection, t — o

where

-/ + are the preceding superscripts to indicate the heat dissipated (-) and absorbed (+)
from the outer and inner cable or cable layers, respectively.

Welfthen get the heat generated in the conductor after having reached the the equilibritm

Qdetse=12XR(tooew)xt (8
whgre
R (|t & e ) s the resistance of the conductor after reéaching
Or, by taking the temperature dependenge of the
R(toe)=R(TR)x[1+axA
©

AT|=T - Tg

whe

a esistance of the conductor material;

AT ductor(s) over the ambient temperature of 20 °C
T

Tr ature for the conductor resistance of 20 °C;

Rt nce measured with a precision instrument after reaching therma
R (Tr ) is theispecified or measured d.c. loop resistance of the conductors at 20 °C per m.

The temperature of the air-conditioned room has to be measured precisely.

The resistance of the conductor (here the conductors are connected in parallel fo represent a

common mode conductor) R (TR ) has to be measured with a precision resistance instrument,
prior to any powering. This, of course entails that the cable bundle has been exposed
sufficiently long to the environment of the air conditioned room to reach throughout the same
temperature, i.e. to reach absolutely a thermal equilibrium with its surroundings.

Towards this purpose, it is easiest to measure the voltage across the length of the conductor to
determine the resistance and ultimately the temperature rise of the conductor, we get
consecutively, using a constant current generator for the resistance at thermal equilibrium:

U [==]
R(t—>oo)=Mt—_) |:£:| (10)
ITest m
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And for the temperature rise:

R(t—>e)-R(Tr)
AT = R [°C] (1)
o -R(Tr)
The conductor temperature is then:
R(t>~)-R(Tg) T IOC] b2
o -R(Tgr) P
whqgre
UMt - « is the voltage measured across the conductors unde

In the above determination of the heating of data grade cables one taci

asspmption has been made, namely:

Thd resistance between the common mode circuits of the irs™w he highest starting
resistance at time t = 0 is nearly identical. This impli b t) ! e two concatenateg
common mode circuits is assumed to be 'entlc ay occur minor differences in
the |starting resistance, due to the diffé 3 eased helix length. This i

taken here as an average, as also in thexeal © ent of PoE / PoOEP, each of these
common mode circuits is used as supply

Expleriments on cable bungdfss of 9 gt in general, a time of 4 hto 6 h is
requiired to reach thermal equi . Thi rdspofcourse, a bit on the cable design itself
thug it is recommende¢k\to Us ipcreasedlapse Jof time after switching on the powering

circpit of the two@

5.4| The specific

NOTE Here, referentse to th is m only for comparison purposes of the specified d.c resistances ir]
comparison to the g _an impact on the heating of bundled cables.

In thjs casey should be rememberedthat even to date, the majority of the installed base is essentially deployed
using Cat: 5 b

An afditional histecicreminder about these cables should be given here: To reduce manufacturing costs, cables werg
deplpyed in larger vo denominated as “3 + 1” or “2 + 2", meaning they had either 3 or only 2 pairs insulated
with fluorocarbon materialg’whereas the remaining pairs were insulated with flame retardant polyolefin. Obviously, ir|
this pase, the“rule given in 5.2 above, to use the pairs with the highest resistance, does not necessarily apply
anynpore.\In/fact, in this case, an in depth verification of the pair usage and the resistance distribution has to bg
madg fof an adequate heating test. Even higher performing cable categories are sometimes designed with differing

insu 'ﬂ' A m'ﬂ‘ nnln |n Hn Safh Cab!

For the International Annealed Copper Standard, IACS at 20 °C is:

Q-9

m2

IACS = 0,15328 (13)

4
This value a represents copper with 100 % conductivity at 20 °C . Hence the specific
resistance, using the copper density of 8,89><1O_3 [ gr/mm3 ] is for 100 % IACS conductivity:

4 Note that the IACS was standardized in 1913. Since this time, copper refining has been improved dramatically.
As a result, today copper manufacturing achieving 104 % IACS, and even better is common practice.
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Q- mm
P 20 °C = 0,0172418 —m (14)

The temperature coefficient of the resistance increase of copper is:

o =0,00393

Herlce the specific resistance of copper according to 100 % IACS is 2
temjperature increment deviating from 20 °C:

P(N=p o0 [1+0a-(T-20)]

[1+ - AT] 9

=Py oc

Using these values, the resistance for two 0,5 mmyan
parallel with a length of 1 m at 20 °C ;
resx

R £ 0,043905885 - [1+ a - AT |
R £ 0,06860294 - [1+<0

The specified logg™xes
stranded cables

R Qond..

for solid Conductors { 19 }

] for stranded Conductors [ m

Cond..

Theg minimu
stranded conducto
resistance-values (=

n any case, the specified cable resistance requirements refer to higher
92,25 % IACS) than the 100 % IACS specification 5.

Giventhese “discrepancies”, it is advisable for any new cable design which has to be tested fo
its heating properties in bundled condition to use the directly measured resistance at ambient
temperature, and base the temperature increase on the resulting resistance increase.

As a result, also for assessing the potential for PoE and PoEP deployment over the installed
base, it is advisable
— to use short pieces of such cable which may be recuperated by replacement,

— and to base the measurements on the direct measurement of the d.c. resistance rather
than on the IACS.

5  This requirement, though appearing as less stringent than possible, has been made intentionally to cope with the
fact that during installation, the cables may be stretched and excessively bend, thus slightly reducing their
effective diameter. This is an essential precaution, in our case also from a health and safety point of view.
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6 Assessing already deployed cable systems

The installed base of data grade cables consists to some extent still of Cat. 5 and Cat. 5e
cables. However, also the more recent categories of cables are found to a large extent in
premises of customers which may want to deploy the IEEE PoE / POEP protocol over their existing
system, without having any indication of the suitability of their installed system, with respect to
the used cables, to accommodate these protocols.

This problem area falls essentially into the competence area of SC25. Therefore, here are
given only indications of how to cope with thls problem for assessing the basic heating of the

hea dissipation capabilities in practical installations has to be therefore addressed by S€25

6.1 Background

In the IEEE PoE / PoEP standards powering over two or four paj
congequence here also the powering over two or four pairs has to p
the mtended protocol to be deployed. In this case, the common
pair

6.2

To ¢
basg
con
of t
insy

the

Thig
poly
addjtional polym
details on the co

foumd in Clause 9.

but they also represent ideal IR reflectors. More
respect to the heat dissipation properties arg

Tho of all categorized cables has been wisely frozen since g
long . Hence, the d.c. resistance should be verified on shorted
pied d base by replacement

If for a compaxative test, a’cable is available with a similar design to that of the installed base
then the currentha
the?e two ‘cables.
profocol deployment:

Is is clearly described in the following equations for the PoE / PoEH

-

R Installed
0,350 x
Comparison
I Comparison = R (19)
Installed
0,600 X ———
Comparison

\

where

| comparison 1S the d.c. current applicable to the comparison cables;
R |nstalled is the measured d.c. resistance of a piece of cable of the installed base;
R comparison 1S the measured d.c. resistance of a piece of the comparison cable.
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A precise resistance definition of the d.c. resistance of higher performing category cables has
wisely not been given in the standards, so as to leave all the cable design options open at the
expense of a more stringently defined d.c. resistance. In fact, the d.c. resistances of higher
performing cables vary so widely that each cable type has to be tested individually, if ever any
current levels are envisioned which exceed the currently by IEEE specified values for PoE /
PoEP. As aresult, if the d.c. resistance is lower than the specified limits of 19,0 Q and 29,0 Q
per 100 m round trip resistance for solid and stranded conductor cables, respectively, then for
simplification purposes, a normalization to =92,25 % IACS could be envisioned. This is a very
safe route for the installed base.

6.3| A simplified assessment of the installed base

As Ilready mentioned above, a heating test of the installed cable type is impractical as)it-may
be , i S

newer cables of known heating performance.

If albundled heating test of a comparable cable type is too aw
desjgn of known heating performance could be taken as a compatison ba

Then heating tests should be carried out on single cab Ystalled base by
replacement and of the comparison cable. The current ap ied to rison cable is to bg
corlected according to Equation (19) above, whepeas to the cable taker
from the installed base is according to th EP | either 0,350 or 0,600 A. An
adefguate heating trial on these cables; ( ) inpo Figure 7 above, should

The
heatti
inst

Its

sometimes up to 20 % to 25 % and have as such also a reduced d.c. reS|stance as compared
to the Cat. 5/ Cat.5e cables. However, the opposite is also feasible, i.e. cable achieving the
basic performances with conductor diameters passing the d.c. resistance requirement with a
relatively small margin due to special cable design options.

As a result, such cables may carry slightly higher currents under comparable conditions if
compared to the specified minimum d.c. resistance requirement. However, this is not a
“condition sine qua non”, as their conductor diameter may span a wide range depending upon
the cable design.

For the testing of such cables, to evaluate their full potential, a heating trial is mandatory and
has to be carried out by the manufacturer to be able to guarantee to its customers higher current
loadings, if so required which may eventually exceed the PoE / POEP requirements.


https://iecnorm.com/api/?name=52b29c55232531a025a7bf42af1aa3c8

- 28 - PAS 61156-1-4 © IEC:2010(E)

It should be noted however, that this is contrary to any standardization concept, as it may restrict the
use of such cables for deployment in generally accessible networks, as then the compatibility is
no longer guaranteed and can lead not only to equipment failures, but to major safety
problems.

8 The heat dissipation on heated and bundled cables

Here a very short summary is given of the phenomena of the heat transfer as occurring in the
problem of the heating of bundled cables.

8.1 Radiation

All hodies radiate heat. Radiation is based on the emissivity and absorptivi

body is also a perfect radiator, with an emissivity of unity. The Stefan-
the |heat radiated from a black body is proportional to the 4!

These values depend for metals, for instance upon ir sy 2. matte or glossy
depending upon their surface roughness. Polymeyi j , have spectrally

i or instance for the IR
speftroscopy. But for heat transfer ané
be assumed.

8.2 Conduction

Corduction is the heat tra
heat conductivity coeffipient
the [electric conductivity.

While the cond@

conjbination of solid
media are addressed |

alsq for the<air
bundle.

The reason ferthis is that the volumes are so small, from a heat transfer point of view, both in
radifal and ‘tangential“direction. In fact, the air space is so small, that it does not allow the
formatian ;of laminar gaseous layers around the solid bodies. See 8.3 for more details.

As a result, The heat transfer between cables within the bundle occurs due to radiation an
conduction.

8.3 Convection

Convection is — in our present case — the heat transfer essentially from a solid body over a
gaseous media to the gaseous environment. For cable installations in air, it is also subject to
some extent to the relative humidity and pressure of the air.

Convection is applicable to the present problem of bundled cables only under the condition that
the cable bundles are freely suspended. The reason for this is that convection goes on over an
essentially laminar gaseous layer around the heated body or cable bundle. In the present case,
the volume of this laminar layer of air has a lower specific density than the surrounding
atmosphere and as a result rises up. This happens close to the cable bundle first also in a
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laminar air stream rising up which becomes turbulent afterwards. The laminar layer
surrounding a basically round structure, suspended horizontally, is approximately 1 cm, while
the laminar flow rising up is approximately 5 cm to 10 cm and then becomes turbulent. The size
of the laminar uprising air depends a bit upon the diameter of the heated body.

Any laminar air layer represents effectively an insulating layer, increasing thus the excess heat.
Turbulent air dissipates the heat more efficiently into the environment.

For any testing, it is therefore a “conditio sine qua non” that the environment is absolutely free
of any air draft, and that all air condition outlets are baffled such that the cable bundle is really

‘o £ oy H 4
pro CULCU TTUTTI ally dainr TITOUVeTITOTTL.

Obyiously, for any installation conditions, the maintenance of the laminar la
the jair around a cable bundle is generally not achievable.

In the same moment, a cable bundle is placed in an open tray, the conve
as the free convection is reduced to less than half the circumference,

rendler it outright impossible.

For|any realistic assessment of the heating proble
conpection as an effective heat dissipation means ha

9 |[The heat dissipation in a heate
taken into account

The
the
and|i

a grade cables has been based on
eat dissipation of a data grade cable

A simplified approdsh t f issipatipn of bundled cables, using a layered approach
is fqund in Clausa lyti€al approach, which may ultimately also be used
to gssess the heafipg perfo MARCE © undled data grade cables based on a statistica

distfi

9.1 ¢ issipati individual components

The heat'gen X lectric current is dissipated from:

1) A single bate conductor, freely suspended, by radiation and convection (convection
Hepending on gurrounding atmosphere, its humidity and pressure).

Convection evidently requires an atmosphere. Around the conductor, there is formed unde
heat'dissipation conditions a laminar layer of the surrounding liquid or gaseous medium, ir
our case surrounding air atmosphere, which is in general in the order of approximately 1
cm. This atmosphere then rises up in a turbulent free fashion for approximately 5 cm to 10
cm to become absolutely turbulent.

A single Conductor in a free Space

Heat dissipates through
Radiation and evtl.
Convection over the
entire Circumference of
the Conductor

Figure 8 — Heat dissipation of a freely suspended conductor
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This is the reason why any heating trial on individual or bundled cables has to be carried
out in an absolutely undisturbed surrounding atmosphere, while the cable bundle of the
individual cable has to be suspended in an absolutely undisturbed atmosphere.

An insulated conductor, freely suspended, by radiation, conduction and convection.

In fact, the heat generated in the conductor is partially dissipated by conduction into the
insulating material, and passes through the insulating material also by conduction
(depending upon the heat conductivity of the material) to the surface of the insulation. From
hclc, ;t ;O d;OD;thUd U;thcl by |ad;at;un, bUIIdUbt;UII al Id bUIIVUbt;UII vl da III;}\tuIC Uf thUOU ;Ilt\.

the surrounding environment.

An insulated Conductor in a free Space

Heat dissipates through
Radiation and Conduction
into the Insulation

The Insulation dissipa

conductivity of the
by radiation and co

Only at the j
conduction.

be slightly
radial for

Note that>inithis\case, there is also a minimal conduction between both insulateq
conductors-feasjble due to the linear tangential line between both helices of the insulated
conductors, which are here depicted as being circular. In reality, there is a small surface
formed between the conductors by the flattening of the insulation as a result of the pressurg
between the insulated conductors during the twisting operation. However, this mutual hea
ransfer by conduction between the eventualty twisted—nsutated—conductors cam b
neglected.

The impact of radiation into the surrounding environment is illustrated in Figure 10 in a
somewhat approximated fashion. It should be noted that the heat emissivity of polymeric
materials as used for insulations and jackets is generally described by a factor for the infra-
red wave regions. However, the heat absorption of these polymeric materials is more
pronounced in specific wave bands.
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Unscreened twisted Pair
= Radiation circumferentially limited

Convection on the Circumference,
—— With the Exception of the tangential

Junction Line

® Wutual Conduction on tangential
Junction Line

n reality, part of the radiation from one insulated conductor to the
the conductor and also in the insulation. This heat in the insulatior\i
back to the insulated conductor and partially is dissipated i
convection from the insulation into the surrounding envirop

2-T-r D

X = = =
3-4.mw-r 3.2.D

Wwhere
r is the radius of

A screened t <
circumference ©oye

The heat dissipatign over the screen covering directly the insulation is a bit more efficient
HowevVer, it has to be taken into account that for identical impedance, unscreened pairs
need-slightly higher insulation thicknesses than screened pairs. The efficiency of the hea
conduction is reduced, though the metallic screen is an excellent heat conductor, but thg
additional polymeric coating represents an additional heat barrier.

The dissipation outside the screen goes again through radiation, conduction and
convection, however the surface for the radiation and convection is reduced by a factor x
relative to an unscreened cable with the same conductors, which is larger than for
unscreened cables:

‘= r-(m+1)+x-s 2

2-m-r

where
s is the thickness of the metal or metal / polymeric composite tape.
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Evidently, the dissipating surface for radiation and convection may increase. However, this
could happen only under the very unlikely condition that the screening tape has a very
substantial thickness, more than equal to a submarine armouring:

o> =1 _ o680 22)
T

Here is not yet taken into account that under equivalent d.c. resistances, the insulation for
individually screened twisted pairs has to be increased compared to unscreened twisted

airs, to cope with the 100 Q characteristic impedance requirement. However, even
neglecting this severe constraint for the dissipation of heat generated in the conductor, itig
bbvious that screened twisted pairs have a higher excess heat, i.e. the hea ention within
the conductor is higher, yielding a temperature increase under the aquilibrium
conditions which is definitely higher than in unscreened twisted pairs

Screened twisted Pair

— Radiation on both full Circles limited due to
Reflection of the Screen
Composite Polymer - Metal Tape Screenl On
Outside)

oif partially to the Screen and partially
cattered to the other Conductor
orduction over tangential Line between
Insulations

nsulatien:xthickness etc.

n practlce this effect is ampllfled by the Ilmlted heat conduct|V|ty of the |nsu|at|ng materials, as screened

spacing than unscreened twisted pairs of the same d.c. resistance, in order to comply with the characterlst|c
impedance requirement.

However, these last restrictions can be considered to be partially offset by the increased insulation thickness
required in unscreened cables to meet, by using very short twist lays, the characteristic impedance requirements
while complying at the same time to the crosstalk / alien crosstalk requirements, whereas screened pair cables
do not require these tight twist lays.

An unscreened twisted pair cable, see Figure 12, dissipates its heat exactly as an insulated
conductor, but in this case, the heat is dissipated over the outside surface of the jacketing
material by conduction or convection. The heat is dissipated for a cable part of a bundle,
i.e. surrounded by other cables over the airspace, which is too small to allow any
convection of heat, by conduction. It is dissipated by radiation and convection if the cable is
located on the surface of a cable bundle.
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However, within the interior of the jacket, the heat of the insulated unscreened conductor
pairs is dissipated by radiation and conduction from the unscreened pairs, primarily into the
atmosphere contained within the jacketing inside diameter. Also this air space is far too
small to allow any convectional heat transfer.

The heat transferred by conduction from the pairs over the enclosed environment within the
jacket is by far the outweighing mode of the heat transfer from the pairs to the inner side of
the jacket material.

Here also an amount of heat is transferred to the jacket and absorbed by it by radiation.
Convection within the space inside the inner surface of the jacket is practically not
DCCUTTINg, a5 the space s too smattto reatty create a tarmimar flow of theatmospherewithir
the jacket.

Unscreened twisted Pair Cable

cohductive heat transfer through the jacket material
g on the location of the cable peripheral or within to the

sfeened pairs, as in the case of an unscreened cable. The conduction
3 sctly over the environment within the jacket to its inner surface as the
radiation.which hits directly the inside of the jacket. However, if there is an overall metallig
fapeused inside a braid, then it is basically totally reflected at the inside of the metal
polynter composite tape.

The jacket surface — after conductive heat transfer through the metal / polymer tape and
the jacket — dissipates part of the heat by radiation and convection or by radiation and
conduction and into the surrounding environment, depending on the location of the cable in the
hexagonal structure, i.e. on the outside or on the inside of the cable bundle, respectively.
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An overall screened twisted Pair Cable

An individually screened twisted pair cable, having

an overallbtaid angd/or metal polymerid
composite tape with an eventual drain-wire, see K ¢

V' radiation and conduction from

polymeric composite tape is fully reflacted i e’of an overall braid partially
Feflected, depending upon the scattéring of the re ions and the coverage of the braid

Figure 14 — Heat dissipation in an individually screened pair cable with overall braid

or drain-wire with an overall metal / polymeric composite tape

The jacket surface — after conductive heat transfer through an eventually present braid and
the jacket material — dissipates part of the heat by radiation and convection into the
surrounding environment. Some heat will be dissipated at the junction lines between the
adjacent cables in a densest cable packing structure, see under items 6 and 7 above.

The drain wire itself will in thermal equilibrium condition have the same temperature as the
environment within the cable jacket.
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