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INTERNATIONAL ELECTROTECHNICAL COMMISSION

COAXIAL COMMUNICATION CABLES -

Part 1-119: Electrical test methods — RF average power rating

EQREWQRD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization'com
national electrotechnical committees (IEC National Committees). The object of IEC jis\to p
brnational co-operation on all questions concerning standardization in the electrical and electronic fie
end and in addition to other activities, IEC publishes International Standards, Technical Specific

the subject dealt with may participate in this preparatory work. International; governmental an
ernmental organizations liaising with the IEC also participate in this preparation:-IEC collaborates

eement between the two organizations.

b formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical committee has representation fr
brested IEC National Committees.

L Publications have the form of recommendations for international use and are accepted by IEC N
Immittees in that sense. While all reasonable efforts are made to ensure that the technical content
blications is accurate, IEC cannot be held responsible for)the way in which they are used or f
interpretation by any end user.

order to promote international uniformity, IEC National* Committees undertake to apply IEC Publig
hsparently to the maximum extent possible in their“national and regional publications. Any dive
ween any IEC Publication and the corresponding.fiational or regional publication shall be clearly indic
latter.

L itself does not provide any attestation ofsconformity. Independent certification bodies provide con
essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

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

mbers of its technical committees and IEC National Committees for any personal injury, property dam|
er damage of any nature. whatsoever, whether direct or indirect, or for costs (including legal fee
enses arising out of_the publication, use of, or reliance upon, this IEC Publication or any oth
blications.

ention is drawn ta the Normative references cited in this publication. Use of the referenced publicat
ispensable for the correct application of this publication.

ention is drawn'to the possibility that some of the elements of this IEC Publication may be the sub
ent rightsl |EC shall not be held responsible for identifying any or all such patent rights.

ational Standard IEC 61196-1-119 has been prepared by subcommittee 46A: Cq

brising
omote
ds. To
htions,

Chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to ag “IEC
blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intgrested

non-
losely

h the International Organization for Standardization (ISO) in accordance with-conditions determined by

hAtional
bm all

htional
pf IEC
br any

ations
gence
hted in

ormity
br any

liability shall attach to IEC oritsidirectors, employees, servants or agents including individual expeits and

age or
5) and
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sy of IEC technical committee 46: Cables, wires, waveguides, RF connectors, RF

microwave passive components and accessories.

This second edition cancels and replaces the first edition, published in 2012. This edition
constitutes a technical revision.

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

edition:

a) title was changed from: RF power rating to: RF average power rating;

b) a test method to determine sufficient duration is included as Annex A;

c) the equations used for calculating cable coefficients and RF average power rating are
corrected;

d) the clauses and subclauses are rearranged.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
46A/1401/FDIS 46A/1408/RVD

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

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

A list of all the parts in the IEC 61196 series published under the general title [€¢axial
communication cables can be found on the IEC website.

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

e wjthdrawn,

e rgplaced by a revised edition, or

e amended.
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COAXIAL COMMUNICATION CABLES -

Part 1-119: Electrical test methods — RF average power rating

1 Scope

This part of IEC 61196 defines the requirements to determine the average power handling

capa
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3 Terms and definitions

For t
follow

ISO ¢
addrg

e |H

e |9

3.1
RF ay

maximum average input power that a cable can continuously handle when terminated

charg
frequ

DIlIty Ot @ coaxial cable at specitied frequencies at ambient temperatures.

ormative references

ollowing documents are referred to in the text in such a way that some or all of
nt constitutes requirements of this document. For dated references, only the e
applies. For undated references, the latest edition of the referenced“document (incl
mendments) applies.

1196-1, Coaxial communication cables — Part 1: Generic specification — Ge
tions and requirements

1196-1-113, Coaxial communication cables — Part1-113: Electrical test methods
fenuation constant

O Online browsijng platform: available at http://www.iso.org/obp

yerage power rating

cteristic’ impedance at a reference ambient temperature (usually 40 °C) an
EnCy

their
dition
Liding

heral,

Test

d the

ne purposes of this document, thesterms and definitions given in IEC 61196-1 an

ing apply.

nd IEC maintain terminological databases for use in standardization at the follpwing
sses:

C Electropedia: available at http://www.electropedia.org/

in its
i RF

Note 1

Note 2

Note 3

to entry: RF average power rating is determined by the power level at which the temperature at any
location in the cable does not exceed the allowable maximum temperature rating of the materials used in the
cable’s construction.

to entry: Typically, the inner conductor temperature determines the maximum operating temperature.

to entry: The test RF signal is a pure sinusoidal, without any modulation.

4 Symbols

For the purposes of this document, the following symbols apply.

K;
KO

thermal constant of the insulation (W/(°C-m))
thermal constant of outer sheath (W/(°C-m))


https://iecnorm.com/api/?name=7ca785fe1c8a40364999e08941073e63

-6 - IEC 61196-1-119:2020 © |IEC 2020

A attenuation constant associated with the conductors (—dB j
m-+MHz
. . dB
4; attenuation constant of inner conductor | ———
m-+MHz
. dB
Aq attenuation constant of outer conductor | ————
m-+vMHz
. . . . dB
B attenuation constant for the dielectric material | ———
m-MHz
a mean outer diameter of inner conductor (mm)
Sine shape corrugated: Mean = (peak + root)/2
Other shape corrugated: Mean shall be specified by the manufacturen.
Smooth wall = outer diameter
Wire = outer diameter
b mean inner diameter of outer conductor (mm)
Sine shape corrugated: Mean = (peak + root)/2
Other shape corrugated: Mean shall be specified by.the manufacturer.
Smooth wall = inner diameter
G corrugation factor of inner conductor:
Ratio of the distance that compares the nonzcorrugated (conversion of corrugated
length to an equivalent smooth wall length) to the cable corrugated length.
C; > 1 for corrugated cable
C; = 1 for smooth wall or wire
Co corrugation factor of outer conductor
Ratio of the distance that compares the non-corrugated (conversion of corrugate¢d
length to an equivalent.smooth wall length) to the cable corrugated length.
C, > 1 for corrugated-cable
C, = 1 for smooth wall
P, RF input power (W)
P, rated RF ayverage power (W) at frequency f
Py rated RF)average power (W) at frequency f,
P rated\RF average power (W) at frequency f,
P, power dissipated in inner conductor (W/m)
P, power dissipated in outer conductor (W/m)
o conductivity of inner conductor (relative to copper)
o, conductivity of outer conductor (relative to copper)
7 temperature coefficient of resistance for inner conductor
Yo temperature coefficient of resistance for outer conductor
ae attenuation of cable, at frequency f (dB/100 m)

O attenuation of cable, at frequency f; (dB/100 m)
ap attenuation of cable, at frequency f, (dB/100 m)

a; attenuation of inner conductor, at frequency f(dB/100 m)
ag attenuation of outer conductor, at frequency f(dB/100 m)
T; inner conductor temperature (°C)
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Ty outer conductor temperature (°C)

T, test ambient temperature (°C)

Ty inner conductor temperature rise (°C)

Tro outer conductor temperature rise (°C)

Rt maximum rated ambient temperature (°C)

5 Methodology

5.1 Method A

If a spitable RF power source is available, it is possible to determine the input power required
for a|conductor temperature to reach its limiting value (i.e. the RF average power‘rating)), per
7.1. This provides measurements at one frequency and generally needs to. be adjusted to
other|frequencies by knowing the RF cable attenuation.

5.2 Method B

Cablgs of large diameter, however, have high RF average power ratings, and a suitable RF
sourde may not be available for such direct test. The following”methodology allows the RF
avergge power rating to be determined by using low frequency (50 Hz or 60 Hz) AC power to
determine the cable thermal characteristics first (i.e. thelthermal constants X; and K{). As
thesg parameters are independent with frequency, it-ean be combined with RF data for RF
avergge power rating calculation. This is because the‘relative conductor power dissipations
are dffferent. Also, there is no dissipation in the dielectric in the low frequency case, but at RF
frequencies it becomes significant.

6 Tlest general considerations

6.1 Sample preparation

A cable of sufficient length shall be used so that the temperatures measured at the cenfre of
the cable are not influenced by heat sinking effects at the ends of the cable.

6.2 | Surrounding condition

Therg¢ shall be sufficient air space around the cable under test to allow natural air circulafion.

6.3 | Temperature test

Temperature measurements on the inner and outer conductors shall be made at the cenfre of
the cable’length and 0,5 m away from both sides of the centre point. For RF test — methpd A,
the temperature should be measured at the cable’s current aniinode.

The thermocouples should be chosen and sized to eliminate the possibility of heat sinking
effects, particularly with thin walled cables.

The test is conducted for sufficient duration for the conductors to reach constant temperatures.
A test method to determine sufficient duration is included as Annex A.

6.4 Test equipment

For method A, the RF power source, power meter, temperature tester, coupler and absorbing
load are needed.

For method B, the AC power source, multimeter and temperature tester are needed.
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No matter which method is used, the sufficient power should be applied for a conductor
temperature to reach its maximum value, and be determined by the materials used in the
cable construction.

The measured results and determination of the average power rating are adjusted for an
ambient temperature of 40 °C (or other specified ambient temperature).

7 Procedure

71 RF test — Method A

The i};vput of the cable shall be connected to the RF power source capable of delivering the
specified power at the specified test frequency at the load.

The Ipad side of the cable shall be terminated in its characteristic impedance that'is capable of
handling the power.

The ipput power, P;,, at the test frequency shall be monitored.

It is ecommended to drill a small hole into the cable just above the inner conductor. A fibre
optic|thermocouple should be placed within 1 mm above the surface of the inner conductor to
measure the temperature.

The |nput power, at room temperature (7,), shall_be)‘increased in stages until maxjmum
component temperature ratings are reached. The“conductor temperatures are allowed to
stabilize at each stage and then recorded.

Each|conductor temperature rise (7); and T}g) at each stage above the room temperaturg (7,)
is defermined for each input power level by subtracting the T, from the measured condyctors
(T, or|T,) temperature.

For elach stage, T; and T, shall bg determined for Ry by adding T,; and T, to Ry.

Compare the recalculated T, and T, at Rt to the maximum temperature ratings of the pable
components. The powerqrating is the level that does not exceed the maximum tempenature

ratings of the cable components.

The iIncrease in_conductor temperature above ambient temperature is determined for |each
input|power level.*The average power rating (P,) is that power which will cause an incregse in
condlictor teémperature above ambient equal to the difference between the maxjmum
conduictor-temperature and the reference ambient (usually 40 °C).

The measurement-errorof Pshould be-takeninto-account-whentheloadismismatched
oSS HH- B e H- o5 o tHEP 8K HHHto 3660 R-WHB R e 10a a1 HHSHatERea-

where

emax 1S the measurement error of P;
s is the SWR of the DUT.
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Low frequency power AC test — Method B

The input of the cable shall be connected to a 50 Hz or 60 Hz source capable of delivering
sufficient current carrying capacity.

The opposite cable end shall be short circuited by connecting the inner conductor to the outer
conductor.

Adjust the current levels to heat the cable until the cable inner conductor’s temperature
approaches the maximum insulation operating temperature.

The [current, the voltages across both inner and outer conductors and the caond
temperatures (when they have stabilized) shall be measured and recorded. From thie| va

and (¢

determined.

The thermal constants K; and K, are derived from the following equations:

An af

attenpation at a test ambient at several frequencies over the operating band of the cable
attenpation response will be used to determine the coefficient for the conductors
diele¢tric which will then be used in the RF average power calculations at specified freqt

or oth

The 4
which

urrent values, the dissipated powers in the inner and outer conductors (P;fand P

R=Kx([-T,)

Pi+Po =Kox(To_Ta)

tenuation test shall be conducted in accordance*with IEC 61196-1-113 to determin

er frequencies.

is a fit of the measured attenuation and frequency data:

ag = Ax+[f +Bxf (dB/100 m)

b
7

the coefficient for the conductors;
the coefficient for the dielectric;
the frequency in MHz.

uctor
Itage
) are

(2)

(3)

e the
This
and
ency

and B coefficients in Formula (4)\are calculated by performing a least squares andlysis,

(4)

and B coefficients are calculated from the attenuation test from the following formu

las:

;flx; \7% —(;\/?ix;aij
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nx;ai— Z:; f; xg{j}_]

B =

The A coefficient represents the contribution of the inner and outer conductors. To calculate
the power, the conductor inner and outer conductor coefficients (4; and 4,) are needed and
are determined from the conductivity of the inner _and outer conductor. It is determined as

follow

Now,
nume
temp

s:
G
4 =4 4N
T TG
axylo;  bx,log
G
bx.|o
A = Ax °
° G . &
ax.jo, dx4/o,
the RF average power rating (P,) can be,determined by solving the following equa

rically (e.g. by using a suitable spreadsheet) for any given frequency and an
prature and some limiting value for either inner or outer conductor temperature.

R:RxAix\/‘IJr;/ix(Y}—ZO)x%

=

P, :PF><A0><\/1+7/O><(];—20)><4 343

P,=Pxfx

' 4,343

7.3

P
R+ =K x(-T,)

R+P+ P =K x(T,~T,)

Adjustment to other frequencies

(7)

(8)

tions
bient

(9)

(10)

(11)

(12)

(13)

The following formulas can be used to solve for the average power for either the AC or RF
methods.
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P

A<k, ==ty

or

T

8 TestTeport

The test report shall include the following:

— meethod used,
— test conditions,
— t¢gst temperature,

— mjaximum rated operating temperature,

— ayerage power rating determined at specified RF frequencies:

9 Requirements

The measured or calculated temperatures shall not.exceed the specified temperature ra

of the materials.

(14)

(15)

tings
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Annex A
(informative)

Determination method of thermal time constant

A.1 General

From Definition 3.1, the RF average power rating depends on the maximum operating
temperature (the heat generation and dissipation getting in balance) of the cable allowed.
Typicallythe inner conductor temperature determines the maximum operating temperature,

becalise it always has the highest temperature in the cable construction.

When the power is fed to the cable, due to the influence of the thermal resistanceys the pable
temperature will not reach steady state immediately. This temperature increase period can be
descilibed by Formula (A.1), which shows the relationship between the cable inner condugtor’s
temperature rise and the feeding time.

0. =0(1-.7) (A1)

wherg

6_ is the temperature rise of the cable inner conductor.at time t;

6 i the temperature rise of the cable inner conductor in steady state;
7t i the feeding time;

T ig the thermal time constant.

The thermal time constant has a strong;correlation between the thermal resistance and the
thermal capacitance. It represents the” speed of the cable temperature’s change. [From
Formula (A.1), when feeding time @y= 37, the temperature rise will reach the 95 % qf the

steady state temperature and can be considered as the approximate value. In genera|, the
easier thermal dissipation is, thé_larger thermal time constant comes to be.

Basef on the significance of thermal time constant in the RF average power rating tes}|, the
following clause introduces a determination method of the thermal time constant for coaxial
comnpunication cablg.

A.2 | Determination method

For Formula (A.1), multiplying both sides by (-1) and re-arranging gives:

0-0.=0-e7 (A.2)

Taking natural logarithm of both sides gives:

|me—@):m9—% (A.3)
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