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b International Electrotechnical Commission (IEC) is a worldwide organization for standardizationccom
national electrotechnical committees (IEC National Committees). The object of IEC is to promote{intern
operation on all questions concerning standardization in the electrical and electronic fields. To this e
ddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R
blicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").
paration is entrusted to technical committees; any IEC National Committee interested in the subject dea
y participate in this preparatory work. International, governmental and non-governmental organizations |
h the IEC also participate in this preparation. IEC collaborates closely with the International Organizat
ndardization (ISO) in accordance with conditions determined by agreement between the two organizat

b formal decisions or agreements of IEC on technical matters express, as neatly 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 te\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 divergence be
IEC Publication and the corresponding national or regional publication shall be clearly indicated in the|

S

itself does not provide any attestation of confaormity. 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 certificationshodies.

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 to the,_Noermative references cited in this publication. Use of the referenced publicat
ispensable for the correct application of this publication.

L draws attention(to) the possibility that the implementation of this document may involve the use
ent(s). IEC takes, no position concerning the evidence, validity or applicability of any claimed patent ri
pect thereof~As of the date of publication of this document, IEC had not received notice of (a) patent(s)
y be required.to implement this document. However, implementers are cautioned that this may not rep
latest infermation, which may be obtained from the patent database available at https://patents.iec.G
hll not-be held responsible for identifying any or all such patent rights.
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1196-1-113 has been prepared by subcommittee 46A: Coaxial cables, of IEC tech

nical

committee 46: Cables, wires, waveguides, RF connectors, RF and microwave passive
components and accessories. It is an International Standard.

This third edition cancels and replaces the second edition published in 2018. This edition
constitutes a technical revision.

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

a) add Clause 3 "Terms and definitions";

b) add Clause 4 "Test environment";

c) add Clause 5 "Preconditioning”;
d) add Subclause 7.1 "General";
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e) add detail test methods including 7.2 "long cable methods" and 7.3 "double-cable method";

f) a

dd "Annex A Stability of attenuation constant at different temperatures”;

g) add "Annex B Test examples of stability of attenuation constants at different temperature".

The text of this International Standard is based on the following documents:

Full i
the a

The |

This

Draft Report on voting

46A/1688/FDIS 46A/1693/RVD

nformation on the voting for its approval can be found in the report on voting indica
pove table.

Anguage used for the development of this International Standard is English,

Hocument was drafted in accordance with ISO/IEC Directives, Part 2, and develop

ed in

ed in

accolfdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avajlable

at www.iec.ch/members_experts/refdocs. The main document types (developed by IE(
descillibed in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 61196 series, published under the general title Cd
communication cables, can be found on the IEC website.

The gommittee has decided that the contents of this docdment will remain unchanged un
stability date indicated on the IEC website under wegbstore.iec.ch in the data related f{
specific document. At this date, the document will-be

e rgconfirmed,

e rdvised.

thdrawn, or

C are

axial

il the

o the
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COAXIAL COMMUNICATION CABLES -

Part 1-113: Electrical test methods — Test for attenuation constant

1 Scope

This part of IEC 61196 applies to coaxial communications cables. It specifies a test method for

determining the attenuation constant of coaxial cables for use in communications systems. The
test Is applicable preferably at frequencies =5 MHz but also for lower frequencies '|f the
magrlitude of the complex characteristic impedance is approximately equal to the nominal
chargcteristic impedance of the test sample (TS) or if a form fitting function is appli€d.
2 Normative references
The fpllowing documents are referred to in the text in such a way thatisome or all of their cgntent
consfitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (includingl any
amendments) applies.
IEC §1196-1, Coaxial communication cables — Part-d: General specification — Gehperal,
definjtions and requirements
3 Terms and definitions
For the purposes of this document, the ferms and definitions given in IEC 61196-1 and the
following apply.
ISO and IEC maintain terminology” databases for use in standardization at the follpwing
addresses:
o |HC Electropedia: available at https://www.electropedia.org/
e |0 Online browsing, platform: available at https://www.iso.org/obp
3.1
attenjuation constant
real pgart of the Jpropagation coefficient, defined as

a=10'|001n(i)-m (1)

\f2) !
where
a is the attenuation constant of the cable, dB/100 m;
P, is the output power of a source where the load impedance and the source impedance
are equal and of the same value as the nominal value of the test sample (TS), W;

Py is the output power measured when the test sample (TS) is inserted into the test

system, where the load impedance and the source impedance are equal and of the

same value as the nominal value of the test sample (TS), W,

is the physical length of the test sample (TS), m.
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Test environment

The test should be carried out at normal temperature, and the change range of ambient
temperature should be kept within 2 °C.

5

Preconditioning

The test samples (TS) should be stable at the ambient temperature for at least 4 h while
recording the ambient temperature.

6

The fpllowing equipment can be used:

a)
b)

c)
d)

7

7.1

The fpllowing three test methods can be used to test the attenuation constant of a cable.

a)

b)

Bquipment

a[vector network analyser (VNA);

the test sample (TS);
t

if impedance matching adapters are needed, they shall be provided to match the impedance
of the VNA and that of the test sample (TS). In that case, thé impedance of the impedance
miatching adapters shall meet Formula (2).

Iangth measuring instruments with accuracy not exceeding one thousandth of the length of

e connectors adapted to the TS should preferably match and Connect with VNA test ports;

Z Z
TS = “adapter <0,05 (2)

ZTS + Zadapter

where

Zts is the nominal characteristic impedance of the test sample (TS);

Z}dapter is the nominal impedance of the matching adapter at the secondary side.

In the above case, the‘reflection loss errors due to the mismatch can be neglected
=

(4 0,02 dB).
Test method

General

I\’ thod 1:- lona cabhla mathead thot 16 ~ ~AobhIa vaadh o ffini ANt Ahn o connoe tod ta o air Of
ICTHoOC—T Oy CaoTCTC ot —oat o, o caiorCvvirot SHHete et Hlll T COTTICCTCU—To—=™

connectors to form a cable assembly as a test sample (TS), and the insertion losses of the
pair of connectors is negligible. The measured insertion loss of assembly can be used to
calculate the attenuation constant of the cable directly. This method is suitable for
measuring the cable attenuation constant only when the insertion loss of the pair of
connectors can be ignored comparing that of the cable.

Method 2: double-cable method, that is, two pieces of cables with different lengths are cut
from a cable under test and connected respectively to a pair of connectors with same type
and specification and quality, to form two cable assemblies as test samples (TS). The
measured insertion loss of two cable assemblies can be used to calculate the attenuation
constant. The method is suitable for measuring the cable attenuation constant only when
the difference between insertion losses of two pair of connectors can be ignored.
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c)

7.2

Method 3: when needed, the stability of attenuation constant of coaxial cable can be tested
by testing the changing ratio of its attenuation constants at different temperatures relative
to its attenuation constant at 20 °C.

The test method of stability of attenuation constant that shall be used is specified in
Annex A. The example of stability of attenuation constant at different temperature is shown
in Annex B.

Method 1 - Long cable method

7.21 Preparation of test sample (TS)

and dan be connected to VNA directly. The cable shall be long enough so that the inserti
of thg connector pair can be negligible compared with that of the cable.

a hich h ay= allm hed-to-the-cable

To improve test accuracy, it is recommended that the connectors at both ends_of the TS are

threaded RF coaxial connectors pair which can connect VNA directly.

If, at|low frequencies, the deviation between the size of the compleX)characteristics gf the
sample impedance and the nominal characteristic impedance cannet be ignored, the sgmple
length / should be such that the attenuation of the sample at theCminimum frequency fo be
measjured is greater than 20 dB, which will avoid the influencel\of multiple reflections af both

ends |of the sample. Alternatively, the fit function can be applied:

7.2.2 Test procedure

The test procedure shall be as follows.

a)

b)
c)

f1| iscthe lowest point of the frequency range in MHz;

fo| Nis“the highest point of the frequency range in MHz;

Atter VNA is fully preheated, set the measurement frequency range and the test mode to
S[12 or S21. According to user needs, chogse linear scanning or logarithmic scanning gs the
s¢anning mode. The number of scanning points shall be set according to Formula (3|) and
should not be less than 801 points.WWhen the value calculated according to Formula (3)
exceeds the maximum number of-points of the device, the highest number of points that
VNA can reach should be taken,

o532 A) (3)
120

where

n| is the(number of scanning points of measurement;

[ is the physical length of the TS in metres (m).
System calibration: full two port calibration shall be performed at the ends of the test cables.
Connect TS to VNA and measure the insertion loss IL(f) of the TS.
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d) Calculate the attenuation constant according to Formula (4):

100
a(f) :”-(f)'T
where
a(f) is the attenuation constant of the cable, dB/100 m;
IL(f) is the measured insertion loss, dB;
/ Is the physical length of the TS, m.
7.3 | Method 2 — Double cable method
7.3.1 Preparation of test sample (TS)
Cut tyvo pieces of cables with different lengths from a cable under test; each’piece of cable

be cd
pairs
differ

the s

To im
threa

7.3.2
The t

a) A
S
th
th

b) S

c) C

d) R
in

e) C

nnected to a pair of connectors to form a cable assembly as test.'sample (TS). Th
of connectors shall be the same type, same specification, and quality. The |
ence (/4 — [,) of the two pieces of cables shall be at least 3 m: Both TS shall be ma

hme methods.

prove test accuracy, it is recommended that the connectors at both ends of the T
ded RF coaxial connectors pair which can connectd/NA directly.

Test procedure
est procedure shall be as follows.

ter VNA is fully preheated, set the medsurement frequency range and the test mo
12 or S21. The number of scanningrpoints shall be set according to Formula (3) by
e longer cable length of the TS and should not be less than 801 points. When the
e highest number of points‘that the device can reach should be taken.

ystem calibration: full two port calibration shall be performed at the ends of the test c3
bnnect the longer TS to the test port of VNA. Measure its insertion loss noted as I,

emove the longer TS and connect the shorter TS to the test port of VNA. Measu
sertion loss noted as /L,(f).

blculate the-attenuation constant of the TS by using Formula (5):

_ 100 %[ 1Ly ()= Ly (1) ]

a(f)

2024

(4)

shall
e two
bngth
e by

5 are

de to
using
value

calculated according to Formula'(8) exceeds the maximum number of points of the dgvice,

bles.
(f).

re its

(%)

I, -1,

where

o is the attenuation constant, dB/100 m;
IL4(f) is the insertion loss of the longer TS, dB;
IL,(f) is the insertion loss of the shorter TS, dB;

is the length of the longer TS in metres, m;

is the length of the shorter TS in metres, m.


https://iecnorm.com/api/?name=230abb78f84ea48f7148bfeae762f69c

IEC 61196-1-113:2024 © |EC 2024 -9-

8 Temperature correction

When the relevant specification or the user requires the attenuation constant of a cable at 20 °C,
the measured attenuation constant shall be corrected to the value at 20 °C by using Formula (6):

ar (f)
azo(f)—1+[%00_(T_20) (6)
wherg
K is the correction factor. Correction factor K shall be defined in the relevant fpable
specification (e.g. for copper, coaxial with non-polar insulation K = 0,2 %/ %C);
T is the temperature during the measurement, °C;
ar(f) is the attenuation constant at ambient temperature during measurement, dB/100[ m;

aso(f)  is the attenuation constant at 20 °C by temperature correction;<dB/100 m.

9 Ritting of the attenuation constant formula

If multiple reflections occur at low frequencies due to a mismatch between the test spegimen
and the test set-up, the attenuation curve shows ripplesysIn that case, a form fitting is ngeded
to smooth the curve, and the measured attenuation ofthe cable shall be fitted by Formula (7):

ae (f)=4- f+B-f+%+D (7)
where
azi(f) is the fitted attenuation of the cable temperature corrected attenuation a,(f).
A is the loss coefficient of inner and outer conductors caused by skin effect;
B is the dielectric loss coefficient;
C is the optional coefficient for copper clad conductor loss;
D is thesconstant component;
f is"the frequency.

The fprm{fitting shall be a least square fitting done on the corrected attenuation values a4q(f).
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The least square fit coefficients are calculated using Formula (8):

wherg
A, B, C, D are the the least square fit coefficients;

fi is the frequency at measurement point ;
N is the number of measured frequency points;
020, is the temperature corrected attenuation at measurement point ;.

N %f% Yoy N[ %azo‘xf'%
Zfl i=1 l Zf, 2 N y i=1 ! l
y Az]=1 , N l=11v Zfz 2 N
A Zfz i=1 za20,i x fi
Bl _|X 5% S Sy x| = (8)
C i=1 g“f i=1 Zfl 2 %
N o1 : N i 920,i
= A T 7 2 ]-_ v |
N f,-z,é{ l lé{ l D020, % i 2
i=1 i=1

If the|inner conductor of the cable is a non-copper-clad conductor, then D = 0; the least square

fitting coefficient can be calculated using Formula (9):

10

3 N 1 1

YD N EI W I P
3

B=[YN 72 YR SN A | 2N a0 (9)

LIS MDY DI

X

Requirements

The gttenuation.constants at different frequencies should not exceed the values specified [n the

relevant detajled specifications.

11 1]est report

The test report should include following information:

a)
b)
c)
d)
e)
f)

9)
h)
i)

test conditions;

test method;

test equipment;

sample code and length;

test frequency range;

measurement of the number of frequency points;

attenuation constant at different frequencies;

fitting of the recorded attenuation constant function or curve when required;

operator name and test date.
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A1

Annex A
(normative)

Stability of attenuation constant at different temperatures

Purpose

This test is to determine the stability of attenuation constant by testing the attenuation constant
of coaxial cable at different temperatures.

A.2

The
atten
exprég

wherg¢
da(f)
at’f

@20 °@,

A3

Unleq
test;

as te
qualif

To im
threa

The |

Stability of attenuation constant at different temperatures

Llation constants at different temperatures relative to its attenuation constant at 2
ssed by Formula (A.1):

Oy = 000°C,f

sa(f) x100 %

020°C,

is the stability of the attenuation constant.at each temperature point at the freque

is the attenuation constant at each measured temperature point at the freque
dB/100 m;

is the attenuation constant at 20.¢C at the frequency f, dB/100 m.

Preparation to test sample (TS)

s otherwise specified, eut’two pieces of cables with different lengths from a cable
bach piece of cable shalf’be connected to a pair of connectors to form a cable asse

Y.

prove test.aecuracy, it is recommended that the connectors at both ends of the T
ded RF g@aXial connectors pair which can connect VNA directly.

ength difference (/4 — /) between the two pieces of cables shall be at least 3 m. Bo

shall

stability of attenuation constant at different temperatures is the changing rafio of

0 °C,

(A1)

ncy f,
cy f,

inder
mbly

5t sample (TS). Thentwo pairs of connectors shall be the same mode specificatiop and

5 are

th TS

be.made by the same methods. Mark each TS at a distance of 0,3 m from both eng

S, as

show

n in Figure A.1.
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Dimensions in metres

0,3 0,3

A

y
A
Y
A
Y

] B O ________11:

S Gauge point Gauge point _|
REF & _ 1 REF
'I T IEC
Figure A.1 — Preparation of TS for stability of attenuation constant
A.4 | Test equipment
The test equipment shall be as follows:
evant

a) temperature test chamber: the temperature control accuracy is +2'°C or meets the rel

d
d

b) a|vector network analyser with sufficient precision.

A.5

The ¢

For cables with PTFE dielectric, the laboratory.ambient temperature ¢ should avoid the mg
sensitive temperature range.

A.6

The test procedure shall be as)follows.

a) Ppt two TS into thestemperature test chamber with their two ends stretching out d
c:l:amber from the'gauge points. Then seal the test chamber with heat insulation pl

s
th

position in-the temperature test chamber to ensure that the cable is evenly heated.

tailed specifications, and the temperature range and volume can meet the relgvant

tailed specifications;

Test environment

hange range of laboratory ambient temperature 75 should be kept within +2 °C.

Test procedure

own in Figure A«2. Other parts of TS should be loosely wound into a diameter of no
an 10 timeS:the minimum static bending radius of the cable, and placed in a su

terial

f the
g as
[ less
table
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Dimensions in metres

AN

\
IR

A\

It

b) A
S
th

th
c) S

d) A
a
M

of
e) A

a
11

te
te

A.7

The g
shall

D

IEC

Figure A.2 — Schematic diagram of TS placement

is recommended to place the marks in the middle of the heat, insulation plug.

ter VNA is fully preheated, set the measurement frequency range and the test mo
12 or S21.The number of scanning points shall be set~according to Formula (3) by
e longer cable length of the TS and should not belless than 801 points. When the

e highest number of points that the device can rfeach should be taken.
ystem calibration: full two port calibration shall'be performed at the ends of the test c3

Hjust the temperature of the test chamber to 20 °C and keep 20 °C at least 30 n
ccording to relevant detailed specifications. Connect the longer TS to the test port of
easure its insertion loss noted as./Z; »( -c » Use the same way to measure insertion

the short TS noted as IL; ¢ og.¢

Hjust the temperature of the test chamber to 7 °C and keep T °C at least 30 m

1,7y Of the longer TS.and IL, ;. of short TS respectively. 7 are the measure
mperatures specifiéd in the relevant detailed specification and which, during thg

mperatures, shall™he from low to high.

Test resiults

tability-of the attenuation constant da(f) at each temperature point T at the same freqt
be calculated according to Formula (A.2):

de to
using
value

calculated according to Formula (3) exceeds the maximum number of points of the dgvice,

bles.

in or
VNA.
loss

in or

tcording to relevant detailed specifications and repeat d) to measure the insertion I¢psses

ment
test

ency

100x(ngJ~—IL2n{)// _100X(ﬂhzor4"—ﬂb20r{)//
l1 —12

_ =B 100%

(5a(f) =
100 % (1L1 20°C,; — L2, 20°C, fy

I -1,

- (a7, ~az,r )~ (T 201 ~ 220 1) x100 %

IL4 20°c, r — 1L 20, ¢

(A.2)
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where
da(f) is the stability of the attenuation constant at each temperature point at the

frequency;

l4 is the length of the longer TS, m;
Iy is the length of the shorter TS, m;
ILy 1 4 is the insertion loss of the longer TS at temperature T at the frequency £, dB;
ILy 1 s is the insertion loss of the shorter TS at temperature T at the frequency f, dB;
IL4 50 °c s is the insertion loss of the longer TS at temperature 20 °C at the frequency f, dB.
ILy 5q-cs s the insertion loss of the shorter TS at temperature 20 °C at the frequengy.f| dB.
A.8 | Requirements
The gtability of the attenuation constant shall comply with the relevant detailed specifications.
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