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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RADIO FREQUENCY AND COAXIAL CABLE ASSEMBLIES -

Part 1: Generic specification — General requirements and test methods

EQREWORD

T vV <X

Thee International Electrotechnical Commission (IEC) is a worldwide organization for standardization \comj
national electrotechnical committees (IEC National Committees). The object of IEC is¢to pr
rnational co-operation on all questions concerning standardization in the electrical and ele€tronic fiel
end and in addition to other activities, IEC publishes International Standards, Technical Specific
Reports, Publicly Available Specifications (PAS) and Guides (hereafter (referred to as
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2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
copsensus of opinion on the relevant subjects since each technical ,committee has representation fr
inferested IEC National Committees.

3) IEf Publications have the form of recommendations for international use and are accepted by IEC N
Cgmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible forythe way in which they are used or fq
miginterpretation by any end user.

4) In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in théir“national and regional publications. Any diver
beftween any IEC Publication and the corresponding @ational or regional publication shall be clearly indic3
the latter.

5) IE[ itself does not provide any attestation of.conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, {@ecess to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

6) Allusers should ensure that they have“the latest edition of this publication.

7) Ng liability shall attach to IEC or.ifs,directors, employees, servants or agents including individual exper
me¢mbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othq
Pdblications.

8) Atjention is drawn t¢ the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

9) Atjention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
patent rights” NEC shall not be held responsible for identifying any or all such patent rights.

This|rédline version of the official IEC Standard allows the user to identify the cha

mad O “G“ ;;‘ . < e o g2 pPPed A € LRE® C‘ Rere < a—C 1

has been mad

e. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60966-1 has been prepared by technical committee 46: Cables,
wires, waveguides, RF connectors, RF and microwave passive components and accessories.

This third edition cancels and replaces the second edition published in 1999. This edition
constitutes a technical revision.

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

a) Annex C (informative) Measurement method for screening effectiveness was cancelled;

b) Subclause 8.9 givesreferencestorelevanttestprocedures-

ext of this standard is based on the following documents:

FDIS Report on voting

46/700A/FDIS 46/704/RVD

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

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

A lis{ of all parts in the IEC 60966 series, published under the general title Radio freqyency
and ¢oaxial cable assemblies, can be found on the IECwebsite.

The ¢ommittee has decided that the contents of this document will remain unchanged unfil the
stability date indicated on the IEC website under-"http://webstore.iec.ch" in the data relatpd to
the specific document. At this date, the document will be

[}
-

¢confirmed,

e wlithdrawn,

°
-

gplaced by a revised edition;lor
e amended.

IMPORTANT — The*colour inside' logo on the cover page of this publication indicates
that [ it contains' colours which are considered to be useful for the corfect
unddrstandinmg™ of its contents. Users should therefore print this document usirlg a
cololr printer.



https://iecnorm.com/api/?name=aca63f903a385e753e0063c084ecee4e

IEC 60966-1:2019 RLV © |IEC 2019

—9_

RADIO FREQUENCY AND COAXIAL CABLE ASSEMBLIES -

Part 1. Generic specification — General requirements and test methods

1 Scope

This part of IEC 60966 specifies requirements for radio frequency coaxial cable assemblies

operating
requ}ements for testing the electrical, mechanical and environmental properties. of
ency coaxial

freq
requi
secti

NOTE]
appli

NOTE|
separ

NOTE
the IB

in the transverse electromagnetic mode (TEM) and establishes g
cable assemblies composed of cables and connectors.
rements relating to specific families of cable assemblies are given in‘the relg

bnal specifications.

The design of the cables and connectors used-should will preferably conform t
cable parts of IEC 61196 and IEC 61169 respectively.

1 This document does not include tests which are normally performed’on the cables and conn
tely. These tests are described in IEC 61196-1 (all parts) and IEC 61169-1 respectively.

2 Wherever possible, cables and connectors used in cable assemblies, even if they are not descri
C 61196 or IEC 61169 series, are tested separately according'io the tests given in the relevant g

eheral

Fadio

Addifional

pvant

b the

ectors

bed in
eneric

specifjcation.

NOTE| 3 Where additional protection is applied to a cable assembly, the mechanical and environmental tests
descriped in this document are applicable.

2 Normative references

The following documents are referred.t0 in the text in such a way that some or all of|their
contgnt constitutes requirements of this document. For dated references, only the edlition
cited|applies. For undated references, the latest edition of the referenced document (inclyiding
any agmendments) applies.

IEC 0068 (all parts), Enyironmental testing

l=Cfofee 22 0erf ool ootine Dol O Theele  Tpee Cooe Do bond ofenchy
state;

IEC 60068-2.6:1995, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusojdal)
IEC $0068-2-11:1981%, Basic environmental testing procedures — Part 2-11: Tests — Test Ka:
Salt mist

IEC 60068-2-14:1984, Environmental testing — Part 2-14: Tests — Test N: Change of

temp

erature

IEC 60068-2-27:1987, Environmental testing — Part 2-27: Tests — Test Ea and guidance:
Shoc

k

IEC 60068-2-42:1982, Environmental testing — Part 2-42: Tests — Test Kc: Sulphur dioxide

test f

or contacts and connections

IEC 60068-2-68:1994, Environmental testing — Part 2-68: Tests — Test L: Dust and sand
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IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady
state

IEC 60332-1-2:2004, Tests on electric and optical fibre cables under fire conditions —

dure

Part l-2—Testforverticalflame r\rnpng:\finn for a cingln msulatad wirg ar cahlg Drac

for 1

1E
=

O
Y
[(»)
W
W
©
-~
L

kW pre-mixed flame A

IEC ¢
Dyng

IEC ¢

Impaft tests (free components) — Test 7b: Mechani

IEC ¢

IEC ¢

IEC ¢

IEC ¢

IEC ¢

IEC
Gend

IEC ¢

HECH

S

0512-6-2, Connectors for electronic equipment —Testsé_a measurements — Partf]

mic stress tests — Test 6b: Bump ‘\\

O

0512-7-2, Connectors for electronic equipment —Q’ests and measurements — Part
QQrength impact

N
0529, Degrees of protection provided by eﬁ\gosures (IP Code)

0966-2 (all parts), Radio frequency@%'ocoaxial cable assemblies
)
0966-3 (all parts), Radio frequ&ﬁ’é\y and coaxial cable assemblies
b\
0966-4 (all parts), Radio&(élauency and coaxial cable assemblies

1169 (all parts), Radio-frequency connectors

61169—1:}992@83, Radio-frequency connectors — Part 1: Generic specificati
ral require@ts and measuring methods

1196@@#{5), Coaxial communication cables

O

6-2:

7-2:

sl

IEC 61196-1-119, Coaxial communication cables — Part 1-119: Electrical test methods — RF

powe

r rating

IEC 62037-2, Passive RF and microwave devices,

intermodulation level measurement —
Part 2: Measurement of passive intermodulation in coaxial cable assemblies

IEC 62153-4-6, Metallic cables and other passive components test methods — Part 4-6:
Electromagnetic compatibility (EMC) — Surface transfer impedance — Line injection method
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IEC 62153-4-7:2015, Metallic communication cable test methods — Part 4-7: Electromagnetic
compatibility (EMC) — Test method for measuring of transfer impedance Z; and screening
attenuation ag or coupling attenuation a. of connectors and assemblies up to and above
3 GHz — Triaxial tube in tube method

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in\standardization at the follqwing
addr¢sses:

o |HC Electropedia: available at http://www.electrop&€dja.org/

$0 Online browsing platform: available at https//Www.iso.org/obp

3.1
cablg¢ assembly
combination of cable(s) and connector(s)\with or without any additional protection and| with
specified performance, used as a singlelunit

3.2
flexible cable assembly
cablg assembly where the cable is capable of repeated flexure

Note 1 to entry: The cable lisually has a braid outer conductor.

3.3
semifflexible cable assembly
cabld assembly not intended for applications requiring repeated flexure of the cabjle in
servite, but\bending or forming is permissible to facilitate installation

3.4
semi-tfigid cable assembly
cable assembly not intended to be bent or flexed after manufacture

Note 1 to entry: Any bending or flexing during installation or use may degrade the performance of the cable
assembly.

3.5
insertion loss
loss introduced by inserting a cable assembly into a system

Note 1 to entry: In this standard, it is the ratio, expressed in decibels, of the power (P1) delivered to a load
connected directly to a source and the power (P2) delivered to a load when the cable assembly is inserted between
the source and the load.
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. P,
Insertion loss = 10 x Iog(lj
P>

3.6

reflection factor

ratio of the complex wave amplitude of the reflected wave to the complex wave amplitude of
the incident wave at a port or transverse cross-section of a transmission line

3.7
electrical length
equivalent free-space length of the cable assembly

3.8
electrical length difference
diffefence in electrical length between cable assemblies

3.9
phasle difference
difference in phase between a transverse electromagnetic mode\(TEM) wave whichl has
traversed the cable assembly and an identical wave which has’ traversed another ¢able
assembly

3.10
proppgation time
time [taken for the propagation of a TEM wave hetween the reference planes of thg two
conngctors

3.11
minimum static bending radius
radius used in climatic tests

Note 1 to entry: It is the minimum permissible radius for fixed installation of the cable.

3.12
dyndgmic bending radius
theHending radius—is used for the insertion loss stability, stability of electrical length and
flexirlg endurance tests

Note 1 to entry: It_iSxthe minimum bending radius for applications where the cable assembly is flexed. Larger
bending radii will athow'the increase of the maximum number of flexures.

3.13
transfet ;Illpcdallbc

qguotient of the induced voltage on the inside of the cable assembly and the inducing current
outside the assembly

Note 1 to entry: In practice, this is between defined points on connectors mated to the connectors of the cable
assembly

3.14

screening attenuation

ratio of the signal power inside the cable assembly to the total power that radiates outside the
cable assembly
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3.15

power rating
input power which may be handled continuously by the cable assembly when terminated by its
characteristic impedance

Note 1 to entry: For practical application, the maximum power that may be handled is dependent upon the return

loss.

Note 2 to entry: Power rating is dependent on mounting details, ambient temperature, air pressure and
circulation. It is normally specified at an ambient temperature of 40 °C.

3.16

artififim ageing

proc

Note ]
tempe
assen

4 [

4.1

Cabl
shou
secti
requi

Acco|
prote
as R

4.2

Conn
poss
relev,
ther

Acco
prote
REA

4.3

Outli

ss used to improve the stability of phase attenuation and expansion with temperatur

to entry: This process normally consists of submitting the complete cable assembly ‘toya num
ature cycles. Unless otherwise specified in the relevant detail specification, submittingthe.complete
bly to artificial ageing is optional, at the discretion of the supplier.

pbesign and manufacturing requirements

Cable design and construction

bs in accordance with, or conforming to, IEC 61196 sectiefial or detail specifications]
d be specified wherever possible. Where cable designs deviating from IEC 6
bnal or detail specifications are required, these” cables shall comply with
rements of the relevant sectional or detail specification of the manufacturer.

rding to local regulation, raw material of \the cable as well as those of addif
ction shall be chosen to comply with regional or national Directives and Regulations
bHS and REACH in Europe.

Connector design and construction

ector types conforming to the-relevant part of IEC 61169 shall be specified whe
ble, but where a special connector design is required, the interface shall conform t
ant part of IEC 61169, where available, and the connector construction shall comply
pquirements of the relevant detail specification.

ction shall be shosen to comply with RoHS and other environmental regulation su
CH in Europe.

Outline and interface dimensions

nedimensions shall be in accordance with the relevant detail specification of the

1)

ber of
cable

shall
1196
the

ional
such

rever
b the
with

rding to local gelgulation, raw material of the connector as well as those of addifional

h as

cable

asse

IOty

Interface dimensions shall be in accordance with the relevant detail specification.

5 Workmanship, marking and packaging

5.1

Workmanship

There shall be no observable defects in the cable assembly. It shall be clean and in good
condition.
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Marking

2019

Marking shall be legible and in accordance with the relevant detail specification. It shall

ident

5.3

ify the manufacturer of the cable assembly.

End caps

Unless otherwise specified in the relevant detail specification, disposable end caps of suitable
material for transport and storage shall be fitted to the connectors to protect at least each
interface from damage and dirt.

5.4 [ Packaging and Tabelling

Packpging and labelling shall be in accordance with the relevant detail specificationy upless
othernwise specified.

6 Quality-assessment management

A glide for quality—assurance management including capability)y-approval as we|l as
gualification approval is given in Annex D.

7 Test methods — General

7.1 | Standard atmospheric conditions for testing
Unlets—otherwise—specified—alltestsshall- be—carriedoutundertheconditions—specifipd—in
IEC 60068-

Befote the measurements are made, the cable assemblies shall be stored at the measpring
Lomppeiereter oo cnieiento-olles o ne cntiee colble secnalbly o pench Thie fopnoora e,
Alhogpracoouromonie e pade ol o epracenbiee other than the oleadaec emooes ool e
Stanglard atmospheric condjtiogns need to be controlled within some range to ensure pfoper
corrglation of data obtainetfrom measurements and test conducted in various facilities.
Conduct measurement ahd test conditions under the following atmospheric conditions, upless
othenwise specified. (ny>some cases, special ambient conditions may be needed and be

spec

Tablé

fied in the detail Specification.

b 1 gives<tfie standard range of atmospheric conditions for carrying out measurements
and tests.

Table 1 — Standard range of atmospheric conditions

Conditions Standard
Temperature 23°C+5°C
Relative humidity (45 £ 25) %
Atmospheric pressure (Limits are inclusive) Site ambient

Keep variations in ambient temperature and humidity to a minimum during a series of
measurements.

NOoTE Where it is impracticable to carry out tests under the standard atmospheric conditions
for testing, a note to this effect, stating the actual conditions of tests,-sheuld shall be added to
the test report.
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7.2

Visual inspection

The specimen shall be visually examined to ensure that:

a) the condition, workmanship and finish are satisfactory;

b) the marking is in accordance with 5.2 of this document;

c) thereis no mechanical damage, undesired movement or displacement of parts;

d) no pitting or flaking of materials or finishes is apparent.

Examination may generally be carried out using an instrument with up to three times

Hication

magn

7.3
7.3.1

The
with

Whe
insp§
incor
to inf

Whe
in thd

7.3.2

Outli
IEC ¢

Any
given

8 H

8.1
8.1.1

To d
asse
termg

Dimensions inspection
Interface dimensions

nterface dimensions shall be tested for compliance with the relevant.detail specific
he appropriate test equipment.

ction of interface dimensions may be limited to those features-likely to vary as a res
fect assembly, for example the axial dimensions from réference plane to dielectric
er contact features.

e other connectors are used or where special requirements exist, details shall be
relevant detail specification.

Outline dimensions

he dimensions shall be measured according to the sketches of IEC 60966-2 (all p
0966-3 (all parts) or IEC 60966-4 (alt parts) as relevant.

in the relevant detail specification.

Flectrical tests

Reflection properties
Object

btermine the amount of signal that is reflected back to the signal source by the
mbly~dnder test in a matched system. The reflection behaviour is preferably express

ation

e connectors conforming to IEC 61169 sectional and detailspecifications are ysed,

ult of
and

jiven

arts),

bpecial requirements for the measurement of cable assembly outline dimensions shall be

table
ed in

b of*'dB return loss'.

8.1.2

Test equipment

A vector network analyzer (VNA) capable of performing s-parameter measurements using
calibration standards (open, short, load) that enables the RF performance of radio frequency
(RF) and microwave devices to be characterized in terms of network scattering parameters or
S parameters.

The return loss of the cords under test shall be measured with the VNA over the specified
range of interest.

A detailed description of the error correction (calibration) procedure is given in the manual of
the VNA.
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2019

Precision test adaptors (or test leads) with small inherent reflections shall be fitted on both

ends

8.1.3

of the cord under test to allow direct connection to the VNA and terminating load.

Procedure

For the measurement of the reflection characteristics of cable assemblies, special care-must

shall

be given to the following:

e ensure that the sweep speed is slow enough for the reflected signal to remain in the

C
S

C
S
n
S

For €

wher
n i

f, o
f, i
L i

Failing to apply these criteria may result in too wide a distance between the frequ
sampling points, thus leading to considerable measuring failures.

The

meagurements from both sjdes “might be required. Unless otherwise stated in the relg

detai

The
avail

meagured returnsloss, but, the result shall not be corrected for the adapters. The comf

retur

Othe
used

bntre of the IF-Tilter of the receiver system. The longer the cable, the slower the\s
peed that-must shall be chosen;

stems, the sweep rate shall be low enough and for digital network analyser-systems
Limber of measurement points shall be high enough for resolving eventual return
hikes.

xample, for digital systems, the number of points should be:

n > 3(f, — f;) L / (120)

5 the number of sampling points in the frequency range f; to f, forming the resp
urve;

5 the lowest frequency in the range, in MHz;
5 the highest frequency in the range, in MHz;

S the physical length of the test specimen’’in m.

return loss of cable assemblies is not necessarily symmetrical for both sides,

| specification, the worst-case has to be within the specification.

system has to.be calibrated with the appropriate connector types. If these arg
hble, then adapters have to be used. The adapters will give a deterioration in

n loss, inclading the adapters, shall be within the specification.

[ techniques for measuring the reflection characteristics of a cable assembly m3g
if.agreed by the customer.

veep

hble assemblies might have narrow return loss spikes. For continuous netwark.analyser-

, the
loss

onse

ency

and
bvant

b not
the
bined

y be

8.1.4 Requirements

The measured return loss values shall be within the specified limits.

8.1.5

Information to be given in the detail specification

a) minimum return loss, as a function of frequency, if appropriate;

b) frequency range;

c) required frequency resolution.

Measurements to be made from one or both ends.
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8.2 Uniformity of impedance
8.2.1 Object

To determine the variation of local characteristic impedance of the cable assembly.

8.2.2 Procedure

Measurement is made using a time domain reflectometer (TDR) with input step applied to the
cable assembly through an air line acting as an impedance reference (see IEC 61196-1-112
and 61169-1:2013, 9.2.1.2.2). Impedance variation along the assembly shall be observed.

Alterpatively, a system using frequency domain to time domain conversion may be used.

8.2.3 Requirements
To be¢ as specified in the relevant detail specification.
8.2.4 Information to be given in the detail specification

a)
b)

-

ise time of the TDR system;

imits of impedance variation.
8.3 Insertion loss
8.3.1 Procedure

The insertion loss shall be inspected in accordance with Annex A.

8.3.2 Requirements

The |nsertion loss shall not exceed the specified limits at any frequency within the freqyency
band|indicated in the relevant detail spegeification.

8.3.3 Information to be giver.in the detail specification
a) aximum insertion loss, if‘appropriate, as a function of frequency;
b) flequency range.

8.4 | Insertion loss'stability
8.4.1 Object

To dptermine_the change of attenuation at a given frequency when the cable assembly is
subjgcted-to dynamic bending.

8.4.2 Procedure

During insertion loss measurement according to 8.3, the cable is wound on a mandrel of
radius equal to the dynamic bending radius and using the number of turns indicated in the
relevant detail specification.

8.4.3 Requirements

During and after the test, the specified change of insertion loss given in the relevant detail
specification shall not be exceeded.

8.4.4 Information to be given in the detail specification
a) dynamic bending radius of the cable (radius of the mandrel);

b) number of turns and portion of the cable assembly on the mandrel;
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c) testfrequencies.

d) maximum change of insertion loss.

8.5

Propagation time

8.5.1 Procedure

The

propagation time is inspected in accordance with Annex B.

8.5.2 Requirements

The

8.5.3 Information to be given in the detail specification
a) f;l‘equency band in which the measurement is carried out (see Clause B.1)'er-rise tin

—

b) pFropagation time and tolerance.

8.6

8.6.1 Object

Tod
asse

8.6.2 Procedures
8.6.2,.1 Bending

Methpd 1

A caple assembly which is of a U shape-has—te shall be connected to a suitable nef
analyser—(NW-A); according to 8.12 (see Figure 1). During recording of the phase VOJY the
trans

to th
and

so th

. - etirmes—trt N— et -

e system (see Clause B.2);

Stability of electrical length

btermine the change of phase caused by the change invelectrical length when the
mbly is subjected either to bending or twisting.

2019

ne of

table

work

b starting position, wound €ounter-clockwise for 180° around the mandrel (see Fig
tgain unwound to its starfing position. The initial position of the mandrel shall be ch
t only the straight parts of the U will be bent during the test.

mitting signal, the cable is wound around the mandrel for 180° (see Figure 1), unwound

re 1)
osen
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Figure L — Bending tesSt. U shape assemDpbly

Method 2

A cable assembly which is of a straight shape has to be terminated by a short at one end and

connected to a suitable network analyser according to 8.1.2 at the other end. During the

recording of the phase of the reflected signal, the cable is first wound clockwise around the

mandrel for one half turn released to the starting position then wound anti-clockwise around

the mandrel and again released to its starting position. See Figure 2.
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Z
Z
Short DUT Z NWA
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Z Test ports
Z
>
IEC 412/99
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DUT Z NWA
_
=
( 2 Wé Test ports
Z
Short =z
IEC 413/99
. .
Short
R Ml =
@ e
DUT Test ports
IEC 414/99
Figure 2c—Second-bend
Short DUT VNA
. vs-
DUT VNA
Short
DUT Short
m VNA

Figure 2 — Bending test: straight assembly

8.6.2.2 Twisting

A cable assembly which is of a U shape has to be connected to a suitable network analyser
according to 8.1.2 (see Figure 3a). During the recording of the phase of the transmitting
signal the mandrel in the middle of the cable is first twisted in a clockwise direction for 180°
(see Figure 3b) then released to the starting position, twisted counter-clockwise for 180° (see
Figure 3c) and again released to its starting position.


https://iecnorm.com/api/?name=aca63f903a385e753e0063c084ecee4e

IEC 60966-1:2019 RLV © |IEC 2019 -21-

NoTE Depending on the torsional rigidity and the maximum permissible torque at the cable
connectors interface, the maximum twist angle may have to be restricted.

DUT NWA
Test ports
IEC 415/99
—
4
M =
__________ AT_ ] Test ports
\\s "
IEC 41699
[
5§57$ | Test ports
I
IEC 417/99

E" puT )

IEC
a) Starting position
1
- DUT
J;
IEC
b) Clockwise twist
1
DUT
IEC

c) Counter clockwise twist

Figure 3 — Twisting test: U shape assembly

8.6.3 Requirements

The phase difference shall not exceed the limits specified in the relevant detail specification.
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Information to be given in the detail specification

a) radius of mandrel (usually dynamic bending radius of the cable);

b) test frequency;

c) maximum change of phase.

8.7
8.7.1

Tom

Phase difference
Object

easure the phase difference between two or more cable assemblies.

8.7.2
Meaq

acco
requi

8.7.3

Procedure

urements shall be made using a suitable network analyser of appropriate ‘resol
ding to 8.1.2. Alternatively, a slotted line may be used where frequency“and acc
rements permit.

Requirements

The phase difference shall not exceed the limits specified in the relevant detail specificati

8.7.4
a)
b) f

8.8
8.8.1

To d
cable

When specified in the relevant detail specification, this test may be conducted on a speg
assembly rather than a finished cable assembly. The specimen cable assembly shall be

cablg
ident

8.8.2
Meas

cabld
cablg

Whe

Information to be given in the detail specification
aximum phase difference or nominal phase differencewith tolerances;
equency.

Phase variation with temperature
Object

btermine the changes of phase caused by the change in the electrical length whe

cal to the finished cable assembly except for its length and its shape.

Procedure

urements shall-be made using a suitable network analyser according to 8.1.2 wit
assembly;including its connectors, in a controlled temperature chamber. Details o
supportsyshall be given in the relevant detail specification.

ution
racy

h the

assembly is subjected to various.temperatures within its operating temperature range.

imen

N the
f any

e tests are made on a specimen cable assembly, the cable shall form one or

unsu

more

pported loops of a diameter at least ten or more times the minimum static bending radius.

Six temperature cycles shall be used. Alternatively, a slotted line can be used where

frequ

8.8.3

ency and accuracy requirements permit.

Requirements

During the test, the phase variation shall not exceed the limits specified in the relevant detail
specification.

8.8.4

Information to be given in the detail specification

a) temperature range and temperature against time cycle;

b) measurement frequency;

¢) method of presenting the results, for example2e-~C Agp/°C;
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d) admissible phase variation;

e) configuration of substitute specimen cable assembly, when allowed.

8.9

8.9.1

Screening effectiveness

Transfer impedance

The-sereening-effectiveness transfer impedance shall be tested.

Applicable tests for transfer impedance are given in-apnex-C-orintEC 61726 |EC 62153-4-6
or IEC 62153-4-7.

The
minin
8.9.2

The

The
scred

8.10
8.10.
Each
by th

rated
or AQ

exce

The
40 H
asse

Alter

elevant detail specification shall identify the applicable test, the frequency range an

hum value of-screening-effectiveness transfer impedance.

Screening attenuation

$creening attenuation shall be tested according to 62153-4-7.

elevant detail specification shall identify the frequency rangg‘ayd the minimum val
ning attenuation.

Voltage proof
1 Procedure

cable assembly shall withstand, without breakdown or flashover, the voltage spe
e relevant detail specification. The minimumr value of the test voltage derived fron
working voltage U of the cable assembly,and the test voltage E (both expressed a
L peak) is given by:

U for cable assemblies having a tated working voltage up to and including 1 kV,

1,5 U with a minimum~0f 3 kV for cable assemblies having a rated working vo
eding 1 kV.

peak AC voltage stated in the relevant detail specification, at a frequency bet
z and 60,Hz, shall be applied between the inner and outer conductors of the
mbly usingia mated connector as an interface.

hatively, a DC voltage equal to the peak AC voltage may be applied.

d the

e of

cified
h the
s DC

Itage

veen
table

The voltage shall be applied for a period of 1 min, unless otherwise stated in the relevant

detai

8.10.

| specification.

2 Requirements

There shall be no breakdown or flashover.

8.10.

3 Information to be given in the detail specification

a) test voltage;

b) a

ny special requirements.
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8.11 Insulation resistance
8.11.1 Procedure

The insulation resistance shall be measured between the inner and outer conductor of the
cable assembly with a direct voltage of 500 V + 50 V or with the rated voltage of the cable
assembly, whichever is less.

The insulation resistance shall be measured after a stabilisation time of 60 s + 5 s, unless
otherwise specified in the relevant detail specification.

8.11 Requirements

The jvalue of the insulation resistance shall not be less than that indicated inthé detail
specification.

8.1183 Information to be given in the detail specification
a) testvoltage;
b) slabilization time;

Cc) re¢sistance value.
8.12| Inner and outer conductor continuity
8.12J1 Object

To emsure the DC and low frequency continuity of the’inner and outer conductors.

8.122 Procedure

Any appropriate method may be used.

8.12[3 Requirements
Therg¢ shall be no undesired DCar low frequency discontinuity of the inner or outer condyctor.
8.124 Information to be given in the detail specification
a) test voltage;

b) test current;
c) flequency.

S pioid

8.13| Rower rating

8.13.1 Object

The power rating of a cable assembly is defined as the input power at any specified
frequency, temperature and pressure, which can be handled continuously when the cable
assembly is terminated by a load corresponding to the characteristic impedance.

A limitation may be either the maximum permissible operating voltage or the maximum inner
conductor temperature of either the cable or the connector.

Thus, the power handling capability test is divided into two categories:

a) continuous power handling capability;
b) peak or pulsed power handling capability.
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8.13.2 Procedure

The test shall be performed in accordance with-21-29-of IEC 61196-1-119 taking into account
any evidence of arcing and mechanical displacement of the solder or mechanical joint.

8.13.3 Requirements

There shall be no evidence of breakdown due to overheating, arcing or flashover throughout
the application of the specified power related to the environmental conditions as stated in the
relevant detail specification. After the test, the cable assembly shall show no visual damage
and the electrical requirements shall be satisfied.

The llemperature rating of the material components should not be exceeded.

8.134 Information to be given in the detail specification
a) teémperature;

b) pressure;

c) relative humidity.

Peak] power test

d) ppwer level,
e) frequency;
f) pulse width and duty cycle.

CW power test

g) ppwer level;
h) flequency.

8.14| Intermodulation level measurement
8.14J1 Procedure

If required, the interpaQdulation level measurement shall be performed in accordance| with
IEC 62037-2.

8.14pP Requitements

The [maximum intermodulation level shall be recorded and shall not exceed the given
interrlnodulation level in the relevant detail specification.

8.14.3 Information to be given in the detail specification
a) test signal power,;
b) test signal frequencies.

9 Mechanical robustness tests

9.1 Tensile
9.1.1 Object

To determine the mechanical strength and, when required, electrical stability of the cable
assembly when subjected to an axial force.
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9.1.2 Procedure

A tensile force as stated in the relevant detail specification shall be applied to the two
connectors along the common axis of the cable and connectors. When the length or shape of
the cable makes this impossible, the force shall be applied between the cable and each
connector in turn.

NoTE When the force cannot be applied between the two connectors, these tests are normally
destructive to the cable.

The application points of the force shall be given in the detail specification.

9.1.3 Requirements

There shall be no visual evidence of the movement of the cable relative to the conhector.
Innel contact and insulator positions shall be in accordance with interface diméensions.

Electrical test requirements shall be complied with, if statedQOir’ the relevant detail
specffication.

9.1.4 Information to be given in the detail specification
a) vplue of the force;

b) duration and method of application of the force.

c) Hlectrical tests required.

9.2 Flexure
9.2.1 Object

To dptermine the ability of the cableyassembly to withstand bending at the junction gf the
cablg and connector.

9.2.2 Procedure

The test shall be performed-using a fixture as shown in Figure 4.
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+90°

’/. . Pivot

The
horiz
The 1

9.2.3

After

Electrical test requirements stated.ifithe relevant detail specification shall be complied wi

9.2.4
a)

<

Adaptor secured — both
connectors latched

220 mm to 280 mm

lF=2N
IEC

Figure 4 — Fixture for cable assemblyflexure test

ength L is adjusted so that the cable is on the~Vertical axis and the connector i
pntal position when the force F is applied. A flexdre is a rotation of the fixture of
ate of flexure shall be 20 per minute or as stated in the relevant detail specification.

Requirements

the test, the cable assembly interface*dimensions shall be within the specified limits

Information to be given in the detail specification
hlue of the force F;

b) number of flexures,\normally 500;

c) €
d) w

9.3

ectrical tests required;
hether ordiat electrical tests shall be applied with the cable assembly still on the fixt

Flexifg endurance

9.3.1

Object

n the
180°.

ure.

To determine the acceptability of the cable assembly intended to withstand flexing in service.

9.3.2

Procedure

The cable assembly shall be placed on a horizontal table in an apparatus as illustrated in
Figure 5. Whilst one connector is fixed, the other connector is moved back and forth in the

direc

tion of the cable axis.
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=
Movement
E amplitude

G 0,98 L min

L straight length of the cable assembly
IEC

Key
L min minimum length to be tested (in metres)

Figure 5 — Apparatus for cable assembly flexing endurance test

9.3.3 Requirements

After|the test, the cable assembly shall show no visible damage and the interface dimengions
shall| be within the specified limits. Electrical. requirements stated in the relevant detail
specification shall be complied with.

9.3.4 Information to be given in the.detail specification

a) movement amplitude, normally halfithe length of the assembly;
b) number of cycles, normally 5005

c) electrical tests to be applied,with requirements.

9.4 | Cable assembly crushing
9.4.1 Object

To determine the\ability of a cable assembly to withstand a transverse load (or a fprce)
applipd to anyfart of the cable.

9.4.2 Procedure

ha o Lad
154 Teo

A foree~shal-be-apphed+t
maximum. The force shall t

Hra ac chaowvwin 1n
Ktotre—a oSOy
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Cable under test
Radius of 5 mm

Q
N4

/
@420/9

==

S

Loop-back set-up

Cord under test

Basic set-up

C) Radius of 5 mm
@.
Q~

é) Figure 6 — Fixture for cable crushing test

9.4.3 \<(Requirements

After the test, the reflection characteristics and insertion loss shall be within the limiting
values specified in the relevant detail specification.

For some applications, the relevant detail specification shall indicate the uniformity of
impedance according to 8.2.

9.4.4 Information to be given in the detail specification

a) value of the force F, normally 800 N;

b) distance from the test region to one of the connectors, normally 1 m maximum;
c) electrical tests and their requirements.
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9.5 Torque
9.5.1 Procedure

The ability of the cable to resist torsion shall be tested by the application of a specific torque
strictly axially to the interface of the cable to the connector. The torque shall be applied for at
least 60 s in both clockwise and counter clockwise directions, see Figure 7.

Rotating jaw —

Fixed jaw

IEC
Figuee 7 — Example of test fixture for torque

9.5.2 Requirements

Aftereach 60 s application of the torque, the interface of the cable to the connector shall be
visuglly examified. The cable assembly shall show no visual damage and the eledtrical
requirements_shall be satisfied. In addition, for semi-flexible and semi-rigid cables, there|shall
be no angular displacement between the cable and the connector.

9.5.3 Information-to be agivaen in tha datail
. 9. o——HeHHaHEeHte-B e-g-eHH—tHeaetar—S
Value of the torque.

9.6  Multiple bending
9.6.1 Object

To determine the ability of a cable assembly to withstand a number of reverse bends.

9.6.2 Procedure

The cable assembly is subjected to a certain number of reverse bends using a pulling "go and
return" arrangement over its entire length. The radius of the two pulleys shall be in
accordance with the minimum dynamic bending radius of the cable. The pulleys shall be
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positioned so that the bending angle of the cable on each pulley is more than 90° as shown in
Figure 8. The cable assembly is pulled forwards and backwards against a restraining force F,
which is set to ensure continuous contact between the cable and the pulleys.

9.6.3 Requirements

After the test, the cable assembly shall show no visual damage and the electrical
requirements shall be satisfied.

9.6.4 Information to be given in the detail specification

a) neHber—-of r\yr\!oc (nnrma!!y 2('\),

b) ejectrical tests and their required limits to be applied.

AO

120 4 0 -

P2

120°

IEC

Figure 8 — Multiple bending test

9.7 | Abrasion test of cable assembly
9.7.1 Object

To determine the.resistance to abrasion of the cable assembly sheath.

9.7.2 Procedure

The ¢ableassembly is subjected to test-10-10-0fHEC61196-1 given in IEC 61196-1-324.

9.8 Vibrations, shocks-and-impact

If required, the test for vibrations and shocks shall be selected as defined in 10.2.

9.9 Impact test

This test shall be conducted in accordance with test 7b of }EC-60512-5 |[EC 60512-7-2.

9.10 Mechanical endurance

When this test is not performed on the connectors separately, it will be conducted in
accordance with-9-5-ef 1 EC61169-1 |[EC 61169-1:2013, 9.4.5 (High temperature endurance)
and, 9.4.6 (Low temperature endurance).
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10 Environmental tests

10.1 Recommended severities

For the recommended severities of environmental tests, see Annex C.
Recommended set of severities may also be found in ISO/IEC TR 29106.

10.2 Vibration, bumps and shock

When_these tests are required, they shall be selected from IEC 60068 (all parts) (see
Anngx C).

10.3| Climatic sequence
10.3[L Procedure

The fest shall be performed in accordance with 9.4.2 of IEC 61169-1:20%3«

Flexiple cable assemblies shall be wound on a mandrel of minimum\static bending radius} The
number of full turns shall be three, unless otherwise stated in the relevant detail specification.

10.3P2 Requirements

At the conclusion of the recovery period, the cable assembly shall comply with the
requirements of the following tests, unless otherwise stated in the relevant detail
specification.

a) ingsulation resistance;
b) vpltage proof;

c)

d) vjsual inspection.

nsertion loss;

The Jinsulation resistance meaSurement and the voltage proof shall be carried out within
30 mjn of the end of the recgvery period.

10.3.8 Information ta"be given in the detail specification
a) spverity of each(step of the climatic sequence;

b) n

c)

e
d) whetkerconnectors are unmated or protected.

umber of turns on the mandrel if other than three;
ectrical(tests made during and after the sequence and their requirements;

10.4 Damn haat ctagdyv ctata
. S pPHeatT—Steat

10.4.1 Procedure

The flexible cable assembly shall be wound on a mandrel of minimum static bending radius.
The number of full turns shall be three, unless otherwise stated in the relevant detail
specification. The test shall be performed in accordance with 9.4.3 of IEC 61169-1:2013.

10.4.2 Requirements

At the conclusion of the recovery period, the cable assembly shall comply with the
requirements of the following tests, unless otherwise stated in the relevant detail
specification.

a) insulation resistance;
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voltage proof;
insertion loss;

visual inspection.

The insulation resistance and the voltage proof measurements shall be carried out within
30 min of the end of the recovery period.

10.4.3 Information to be given in the detail specification

a)
b)
c)

d)

severity of the test;

neberofturns—-on-the-mandrelif-otherthan-three-
. —o1+u3 HAeRaheetH-oetelHa i+ 7

D

ectrical checks made immediately after conditioning and after recovery period.and
equirements;

-

whether connectors are mated or unmated.

10.5| Rapid change of temperature

10.5]1 Procedure

The

asse

turn

The

fest shall be performed in accordance with 9.4.4 of IEC 61169-1:2013. Flexible

s| shall be three, unless otherwise stated in the relevant detail specification.

oil turns should be spaced to avoid contact with each™other.

10.52 Requirements

At

requi

the conclusion of the recovery period,the cable assembly shall comply with

specfification.

a)
b)

nsulation resistance;

vpltage proof;

e—leortentess

c)
d)

HL, IL, ZC, and electricalMength;

vljsual inspection.

Centfe contact and insulator positions shall be in accordance with the interface dimensior

10.5.8 Information to be given in the detail specification

a)
b)

inimum and maximum temperature;
:Lmber of turns on the mandrel if other than three;

their

table

mblies shall be wound on a mandrel of minimum static bending radius. The number of full

the

rements of the following tests, unless otherwise stated in the relevant detail

S.

c) final tests and measurements and their requirements.

10.6 Resistance to solvents and contaminating fluids

10.6.1 Procedure

The

test shall be performed in accordance with-9-7 9.4.11 of IEC 61169-1:2013.

10.6.2 Requirements

At the conclusion of the recovery period, the cable assembly shall comply with the
requirements of the following tests, unless otherwise stated in the relevant detail
specification.

a)

Insulation resistance;
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b) Visual inspection;
c) Insertion loss.

10.6.3 Information to be given in the detail specification
a) conditioning fluids;

b) drying temperature, if different from 70 °C;

c) requirements for insulation resistance and insertion loss;
d) whether the connectors are mated or unmated.

10.7 —Aaterimmersion

10.7]1 Procedure

Deta|ls of the method shall be given in the relevant detail specification and shall-be gengrally
in acfordance with-9-27 9.4.9 of IEC 61169-1:2013.

10.72 Requirements

At the conclusion of the test duration, the cable assembly shall comply with the requirements
of the following tests, unless otherwise specified in the relevant detail specification.

a)
b)

nsulation resistance;
sertion loss.

10.7,3 Information to be given in the detail specification
a) requirements for insulation resistance and insértion loss;
b) whether the connectors are mated or unmated.

10.8| Salt mist and sulphur dioxide tests
10.8J1 Procedure

When these tests are required, they shall be-selected-from+EC60068 performed accordipg to
9.4.10 (salt) and 9.4.12 (sulphur) of IEC 61169-1:2013. Severities are to be given i the
relevant detail specification.

10.82 Requirements

At the conclusion .of the recovery period, the cable assembly shall comply with the
requirements .of\‘the following tests, unless otherwise stated in the relevant detail
specification;

a) insulation resistance;

b) visudl inspection:

c) insertion loss.

10.8.3 Information to be given in the detail specification
a) requirements for insulation resistance and insertion loss;
b) whether the connectors are mated or unmated.

10.9 Dust tests
10.9.1 Object

To determine whether the effects of exposure to dust impair the operational performance of
the cable assembly and in particular the function of the coupling mechanism.
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10.9.2 Procedure

The ¢ord will be submitted to the test defined by IEC60529 for a classification IP 5X.

The |details of the test (mated or unmated ‘connector(s) shall be given in the (detail
specffication.

10.93 Requirements

At the conclusion of the last cycle; the specimen(s) shall be carefully removed fronm the
chamber and any surplus dust #eémoved by a light shaking or blowing. Before uncoupling the
connpctor, any measurementsirequired by the detail specification to check for deterioratipon in
perfgrmance shall be made.

10.9.4 Information'to be given in the detail specification

ration of test\cycle if other than 15 min;

d) die 11 a ___..-_._.'_ and-electric-inspection-and-te eguired-g heconclusion of
the conditioning including whether a special tool may be used to assist uncoupling of
mated connector;

e) size of particles to be chosen from-6-1-4-26f1EC-60068-2-68 IEC 60529.
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10.1Q Elammability

10.10.1 Procedure

The test shall normally be carried out in accordance with IEC 60332-1-2 on a finished cable
assembly. Unless otherwise specified in the detail specification, the duration of flame
application shall be derived from the formula given in—clause7of IEC60332-1 5.4.2 of
IEC 60332-1-2:2004. In case of plastic components other than the cable itself, each one shall
satisfy the requirements of the relevant specification.

10.10.2 Requirements

If ignition occurs, the cable shall not continue to burn for more than 15 s after removal from
the flame.

At no time during the test shall burning particles become detached from the cable.
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10.10.3 Information to be given in the detail specification

Any deviation from the standard procedure including regional or national regulations, if any.

11 Specialized test methods

Specialized test methods, applicable to a specific group of cable assemblies only, shall be
specified in the relevant sectional specification.

12 Test schedules

TestiLg schedules shall be defined in sectional and relevant detail specifications.

NOTE| Typical sub-families consist of RF cable assemblies manufactured from a specific~type of cable, for
example, flexible or semi-rigid, RF-connectors of an IEC standardized or proprietary design,)and having specific
charagteristics, for example precision or super-screened.
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Annex A
(normative)

Test methods for insertion loss determination

Purpose

To determine the insertion loss of an RF cable assembly.

2019

A.2

A.2.]

Thre
desc
impe
giver
proce

Test
their

Adap
Thes|
cable
have

is removed, one or more of the adapters may<be left on the cable assembly. In this cas

allow

A.2.2
A.2.2

The

Test methods

General

b test methods for the determination of the insertion loss of an RF cahle assembl
ibed in this Annex A. The test equipment should have the same nominal characte
Hdance as the cable assembly under test. If this is not possible, test methods 1 a
in A.2.2 and A.2.3, may only be used with the application of the(correction formulg
bdures given in Clause A.3.

method 3 is only suitable for RF cable assemblies having an insertion loss smaller
return loss.

ters may be required between the test equipment*and the cable assembly under
e shall be regarded as part of the test equipmeént and shall be left in the circuit whe
assembly is removed as part of the test procedure. However, should a cable asssg
connectors such that the adapters cannot ‘be coupled together when the cable asse

ance for the adapter(s) shall be made in'the relevant detail specification.

Test method 1
A Procedure for inspegtion

able assembly is tested_in the test equipment circuit as shown in Figure A.1l.

| Link of

0— knownloss —q
!

y are
ristic
nd 2,
| and

than

test.
n the
mbly
mbly
P, an

Isolator .
Signal or [ — (Iltallbre;d I(\j/latched
enerator attenuator etector
g attenuator Cable
assembly
under test
Frequency Indicator
meter

IEC

Figure A.1 — Circuit for the determination of insertion loss

First the cable assembly is either replaced by the link of known loss or the two test ports are
coupled together and the indicator set to a suitable value (i.e. less than the maximum). The
cable assembly is inserted between the test ports and the calibrated attenuator is then backed
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off by an amount equal to the cable assembly limit, less the known loss of the link if used. The
indicator reading shall not be less than the set value. This ensures that the insertion loss of

the

cable assembly is not more than the specified value.

A.2.2.2 Procedure for measurement

The cable assembly is tested in the test equipment circuit as shown in Figure A.1. The
indicator is set to a suitable value (i.e. less than the maximum). The cable assembly is then
removed and the indicator reading is returned to the set value using the calibrated attenuator

and

A.2.3.3 Acceptance

The

A.2.

a)

b)
c)

d)

A.2.3 Test method 2
A.2.3.1 General
This [test method may be used for cable assemblies having the same nominal characte

impefance as the test equipment (i.e. for high return loss cases) as well as for
assemblies having different nominal charagteristic impedances (i.e. for low return loss ca

A.2.3.2 Procedure

The
the

Depgnding upon the tést'port return losses, calibration is made either by amplitude
amplltude and phase\(high return loss requires amplitude calibration only, while low r
loss [requires amplitude and phase calibration in accordance with Clause A.3). The
assebly is inserted between the output of the directional coupler or bridge ang
detegtor V, usitig adapters if necessary. The attenuation is determined on the swept ampl

ana

if necessary the link of known loss.

insertion loss of the cable assembly shall be no greater than the specified valué:

4.4 Precautions

Tlhe return losses at the two test ports may impair measurement andhshall be taken
account (see Clause A.3).

dare shall be taken to ensure that too much power does not damage the detector.

Tlhe oscillator shall be sufficiently pure or filtered, to ensure‘that neither harmonic
spurious signals compromise the tests.

See A.2.1 regarding the use of adapters.

est circuit is shown in Figure A.2 whereby the detector V is connected to the outg
directional coupler or bridge through adapters as necessary.

lyser.

into

b Nor

ristic
cable
5es).

ut of

br by
eturn
cable

the
itude
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If sufficient power is available or if there is sufficient sensitivity in the systems, the altern
circuft shown in Figure A.3 may be used.

A.2.3.3 Acceptance

The insertion loss of the cable assembly shall be no greater than that specified.

A.2.3.4 Précautions

a)

b)

c)

d)

- 40 - IEC 60966-1:2019 RLV © IEC
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[
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2019

Coupler or bridge

IEC

Figure A.2 — Circuit for the determination of insertion loss — principfe

Sweep output Swept
Svs_/eep amplitade
oscillator analyzer
RF : ‘
R |/ vV
J Cableassembly /A
under test /\ Matched
L/ d o U termination
Coupler or bridge Coupler or bridge

IEC

Figure A.3 — Alternative circuit for the determination of insertion loss

Tlhe return losses at the two test ports may impair measurement and shall be taken

quired in front of the detector V.

ative

into
y be

égcount (see Clause A.3). In particular, an attenuator having a low reflection m3g
r

The calibration of the system shall take into account the power dependence of the

coupler.

The oscillator shall be sufficiently pure or filtered, to ensure that neither harmonics nor

spurious signals compromise the tests.

In analogue-swept systems, the frequency scan rate of the sweep oscillator shall be
sufficiently slow in relation to the amplitude analyser response to obtain an accurate
determination of the insertion loss. In particular, it shall be slow enough for cable

assemblies in which there are:

1) resonances, which can be very sharp, associated with structural return loss in the

cable assembly;
2) multiple reflections between the ends of the cable assembly or the test ports.
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e) In digitally stepped frequency systems, the steps shall be sufficiently fine for an accurate
determination of the insertion loss. In particular, they shall be fine enough for the cases
described in item d).

f) See A.2.1 regarding the use of adapters.
A.2.4 Test method 3
A.2.4.1 General

A double-pass method of test may be used if the insertion loss of the cable assembly is
smaller than its return loss and the test bandwidth is sufficient. This requirement precludes

th t 41 £ talkhadl KLl I
e SUTTY UT utimrateitu LAavutTtc dooTITTVIIC o,

A.2.4.2 Procedure

The layout of the test circuit is shown in Figure A.4.

Sweep Sweep output SV\ﬁptd
oscillator amplitude
analyzer

NIPA

-

RF | ‘
R Vv Short-circuit
or open
circuit
/* Cable assembly termination
‘\ under test
N S

Coupler or bridge  Coupler.6r bridge
IEC

Figure A.4 — Double-pass circuit for the determination of insertion loss

Levels for V/IR at 0 dB and fok-any other required attenuation are established ovef the
required frequency range with.terminations on the directional coupler port or adaptefs as
follows:

a) short-circuit;
b) open-circuit.
The dlecibel average of these two levels a) and b) shall be deemed the reference level.
The table assembly is then coupled to the directional coupler using adapters as necesgsary
and attenuation levels are obtained with the short- and open-circuit terminations. The dgcibel
average-of-the-twoplets—ebtained-with—the—differeptterminations—is—twice—the—hsertoness of
the cable assembly under test.

A.2.4.3 Acceptance

The insertion loss of the cable assembly shall be no greater than the specified value.

A.2.4.4 Precautions

a) The return loss at the test port and the directivity of the directional coupler or the apparent
directivity of the bridge impair the measurement and shall be taken into account (see
Clause A.3).

b) The test bandwidth shall be sufficient to provide confidence in averaging plots.

c) The calibration of the system shall take into account the power dependence of the
coupler.
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d) The oscillator shall be sufficiently pure or filtered, to ensure that neither harmonics nor
spurious signals compromise the tests.

e) In analogue-swept systems, the frequency scan rate of the sweep oscillator shall be
sufficiently slow in relation to the amplitude analyzer response to obtain an accurate
determination of the insertion loss. In particular, it shall be slow enough for cable
assemblies in which there are:

1) resonances, which can be very sharp, associated with structural return loss in the
cable assembly;

2) multiple reflections between the ends of the cable assembly or the test ports,

f)
determination of the insertion loss. In particular they shall be fine enough for the\qases
described in item e).

g) The insertion loss of the cable assembly shall permit resolution of the reflections from the
cpble assembly and its terminations.

h) open-circuit tests, radiation from the connector centre contacts shall inot comprgmise
curacy. If necessary, precision open-circuit terminations (i.e. shielded or closed-end
pen-circuit terminations) shall be used.

=
\n o

ee A.2.1 regarding the use of adapters.
A.3 | Correction for characteristic impedance differegnces

When the characteristic impedance of the test equipment and the cable assembly differ| test
methpds 1 and 2 may be used with the following corrgction formula:

+Z,) z.+2) Zo-Zo 2,20 o
=|A— 20-1 (—)9 ~120-1 L &0 ot 120-log|1-| = Lt Lo, (A.1)
o ” 2‘\/29'20 > 2 g'Zl b Zg+ZO Zl+ZO

wherp
A i the true insertion loss of theicable assembly under test (dB);
A' i the measured insertion:l6ss of the cable assembly (dB);

Zy is the nominal output impedance of the generator's isolator/attenuator (test method |1) or
the coupler or bridgey(tést method 2) (Q);

Zy i the nominal characteristic impedance of the cable assembly (Q);

Z, s the nominal-input impedance of the calibrated attenuator (test method 1) of the
detector of.coupler/bridge (test method 2) (Q);

is the attehuation constant of the cable assembly (neper/m);

is the-phase constant of the cable assembly (radian/m);

r > R

isthephysicattengthof thecabteassembty ()
When the attenuation against frequency shows a consistent ripple resulting from the multiple
reflections between the two test ports, S may be obtained from:

B = " (A.2)

where

Af is the frequency difference between either two successive maxima or two successive
minima in the attenuation ripple at approximately frequency f.

Further to this, a is approximately equal to o' which is obtained from:
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o = A'/8,686L neper/m (A.3)

However, for greater accuracy, this formula may be used iteratively by substituting o for o' in
the above equation.
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Annex B
(informative)

Measuring methods for propagation time

B.1 Inatreduction General

Methods for both long and short cable assemblies are needed. For long cable assemblies a
methpd based on resonance of forward and backward waves is recommended. | This
resopance method is described in Clause B.2. For short cable assemblies the time dgmain
methpd described in Clause B.3 is recommended.

B.2 | Resonance method for propagation time measurement

The frequencies f; of the voltage minima at the near end of a short-cirCuited cable assgmbly
and/gr the frequencies f. of the voltage maxima of an open-circuited cable assembly are
meagured. The frequency of the first maximum or minimum is desigtated as f;, the second as

f,, etk.

A suitable equipment arrangement is given in Figure B.1.

[

Short-circuit for f;

Sweep
generator 1

SO

Open-circuit for f;

Frequency Voltmeter

meter 2

IEC

Figure B.1 — Arrangement of test equipment

The propagation time Tp’n at frequency f; or fj is given by the formula:

where n =i orj.

NoFE The electrical length of the coupling device and the adapter should be taken into
account.

The accuracy can be improved by taking the mean values:

f_fi+fj
"2
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- T + Ty
pn
2
wheren =i =j.

For best accuracy, the cable shall be terminated with a short-circuited or open-circuited
connector of the same electrical length.

At other than the above resonance frequencies, the following formula may be used. The
coefficients are determined from measurement at several resonance frequencies f,

Tp=Bg+Byp 7+ By ¥ +...
B.3 | Time domain method for propagation time measurement

For g short or very short cable assembly the propagation time can be determined by the|time
delay of an echo through the cable.

A time domain reflectometer (TDR) or a pulse echo test set can beyused. The rise time df the
systgm and the width of the pulse should be in accordance with(the resolution needed.

The measured echo delay time should be divided by a factor of 2 to obtain the propagpation
time [of the cable assembly. Allowance should be madé/for the electrical length of the ghort-
circult or open-circuit.



https://iecnorm.com/api/?name=aca63f903a385e753e0063c084ecee4e

— 46 — IEC 60966-1:2019 RLV © |IEC 2019

Po 2,
Eqg L
i |
Z; Z1 VA
& v
Zo m m { / Zy
/7/7/7);77777 Zico1 Zica Zico2
En Pan Par Et
IEC 428/99
_|Pon _[P2j
" Po . Po
In-these formulaePg- i : ;nand—pga#&me—meaéwed
powse , .
Wheﬂ—Zf =05
T _H ZicA s (f)\] +(Ztcol+ztc02\—l
J Lkzlez J ) k 2x712
wherp-Z1o =471
Lg [T]
Env [T
Y2 Zica [\(\/‘\/\ m
Tt
Env [Tyl
% \( \/ V W Yol Zicot + Zicoz
Tn
fen fer Lgf

IEC 429/99



https://iecnorm.com/api/?name=aca63f903a385e753e0063c084ecee4e



https://iecnorm.com/api/?name=aca63f903a385e753e0063c084ecee4e

Y

h m

.
@ B
O
%Q IEC 430/99



https://iecnorm.com/api/?name=aca63f903a385e753e0063c084ecee4e

IEC 60966-1:2019 RLV © |IEC 2019 - 49 —

C1

Annex C
(informative)

Recommended severities for environmental tests

Introduction to the relationship between environmental conditions and
severities of testing

C.1.1 General

The
comy
choo

to withstand the environment. A test program for the product is defined whereby the

sequ

C.1.9

The
avail
to th
reasq
each
an €

atible. It should take all economic and technical aspects into consideration apnd‘th
e the best test methods and correct severities for the evaluation of the product's g

bnce together with the test methods and limits are specified.

Environmental conditions

environmental conditions shall be evaluated by measuremeénts or by other inform
hble so that statistically accurate characteristic values can be established correspo
b highest possible constraints. Each situation has an envitenment of its own, but it i
nable to prescribe individual products having slightlysdifferent withstand propertie

purpose of environmental engineering is to render the product and the environlment

reby
bility
test

ation
ding
S not
s for

nvelope of related environments. It is only Qécessary to take into account

cond
hand

C.1.3

The
envir
acco

pararlneters that influence the performance of the preduct. The environment shall cover
t

ions that occur during the life of the product, i.e. storage, transportation, use
ing.

Environmental testing

pnmental conditions can sur¥ive without permanent failure and continue to fun
ding to specification. Thelseverity of the test to be selected will depend or

char

known, and the consequences of failure. The latter will have been studied by the utilizati
the particular product and _depends on its application. This means that the severity of the

can

proddict suggests wide-variations in its ability to withstand the specified environment, the

of te
resis
can |

The

cteristic values obtained.for the parameters, the failure mechanism, the ageing fag

individual situation. It is necessary to combine these“environments into a class ijming

hose
Il the
and

purpose of an environmental test is to demonstrate that a product under defined

ction
the
tor if
pn of
test

e raised or lowered according to the criticality of the product. If the sampling of the

sting shouldt“be increased. If the distributions of environmental constraints andg
ance to thie_environment of a lot tested are suspected to partially overlap, the test |
e raised to clarify this weakness.

performance requirements should also be considered. Normal performance is us

level
the
bvels

ually

spec

fied for all primary functions but_for Qnr‘nndnry functions., rpquirpmpnf: may he re

axed

durin

g extreme conditions to avoid unnecessary over-specification.

An environmental test may be performed for many purposes. In this generic specification, the
environmental tests are one part of the qualification approval tests. In this case, a test of
resistance to the environment demonstrates the ability of the product to function under
constraints or withstand stated constraints. There are, however, inherent limitations due to the

fact t

hat the tests are usually carried out on a few samples.

The results give protection to a particular design, but not to an individual product. The
successful test will ensure that the product, as a type, is capable of withstanding the expected
environments. Different kinds of tests and severity levels are necessary for product reliability
and endurance.
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An outline of the action needed for the preparation of an environmental test specification is
given in Figure C.1.

C.2

C.2.1

Nature
Protection Environmental
Description rq data
External conditions
Classification Environmental prognosis
Y
Environmental L
o s . . Grouping in
LICDL‘I.I}JLI.UII Ul . }JQIQIIICLCID. . ~ env”onmental
applications with charqc_tensnc classes
severities
Models
Transformation Philosophy

from environment
class for testing

Specification

Failure consequence

Experience

Transformatiof

Test methods

Resistability

A

requirements
according to
environmental

class

\2

Performance
requitements

Environmental

Test
sequences

test
specification

IEC

Figure C.1 — Description of action needed for the preparation of

the environmental test specification

Recomntended severities for environmental tests

Vibration

This |test’shall be carried out in accordance with test Fc of IEC 60068-2-6, as specified in
9.3.370f TEC 6I169-1:2Z013, which Includes details on continuily monitoring and on the
information which should be given in the relevant sectional and detail specifications.

The vibration severity shall be defined by a combination of three parameters: range of
frequency, vibration amplitude and duration in terms of the number of cycles. The relevant
specification shall select the appropriate requirement for each parameter from the following
recommended values:

10 Hz to 150 Hz

10 Hz to 500 Hz

10 Hz to 2 000 Hz

Swept frequency range:

Vibration amplitude:
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Vibration amplitude shall be specified below 57 Hz to 62 Hz and at frequencies higher than
acceleration amplitude, see Table C.1.

Table C.1 — Relationship between displacement and acceleration

Displacement amplitude Acceleration amplitude
mm m/s? g
0,75 98 10
1,0 147 15
15 196 20

Duraji

Num

C.2.7
This
6-2.
folloy
Num
C.2.3
This

Unle

ber of swept cycles in each axis: 2, 5, 10 or 20.

Bump

test shall be carried out in accordance with test-Eb-eflEC-60§68-2-29 6b of IEC 6(
Unless otherwise required in the sectional or relevant detail specification, one 0
ving recommended severities shall be selected:

ber of bumps: 1000 + 10

Shock

fest shall be carried out in accordance with test Ea of IEC 60068-2-27.

Es otherwise required in the sectional or relevant detail specification, one o

512-
f the

the

recommended pulse shapes given in_the table below shall be selected. The shock sevellity is

giver] by a combination of the peak-yacceleration and the duration of the nominal pulse| see
Tabl¢ C.2.
Table C.2 — Relationship between peak acceleration and velocity change
Corresponding velocity change
Peak acceleration Corresponding Final peak Half sine Trapezoidal
duration of saw tooth
pulse
m/s2 g ms m/s m/s m/s
147 15 11 0,81 1,03 1,46
294 30 18 2,65 3,37 4,77
490 50 11 2,69 3,43 4,86
981 100 6 2,94 3,74 5,30
4 900 500 1 2,45 3,12 4,42
14 700 1 500 0,5 3,68 4,68 6,62

C.24 Climatic sequence

Unless otherwise required in the sectional or relevant detail specification, one of the following
recommended severities shall be selected:

Low temperature: —40 °C to -55 °C

High

temperature: +70 °C, +85 °C, +125 °C, +155 °C, +200 °C
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Duration: 4,10, 21 or 56 days

C.2.5 Damp heat, steady state

2019

This test shall be carried out in accordance with test Cab of 4EC-60068-2-3 |[EC 60068-2-78.

Unless otherwise required in the sectional or relevant detail specification, one of the following
recommended severities shall be selected:

Duration: 4,10, 21 or 56 days

C.2.6

This
temp

Velogi

Tran
Num

C.2.7

This
the t¢

Cc.2.9
This

Rapid change of temperature

test shall be carried out in accordance with test-Ne Na of IEC 60068-2-14. The-rfan
eratures shall be selected in accordance with the test of climatic sequence,

o o

- 3

bfer time between temperature: <2 minutes

ber of cycles: 2, unless otherwise specified
Salt mist
test shall be carried out in accordance with test Ka of Y&C 60068-2-11. The durati

pst shall be either 96 h or 168 h.

Sulphur dioxide test

test shall be carried out in accordance with.test Kc of IEC 60068-2-42. The durati

the tg¢st shall be of four days.

C.2.9

Undsg
Testq

Dust test

r consideration, taking into aceount IEC 60068-2-68, Environmental testing — Part
— Test L: Dust and sand.

ge of

bn of

bn of

P-68:
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D.1

Annex D
(normative)

Quality-assessment management

troduction General

The purpose is to give general procedures on how to achieve a quality—assessment
management for RF cable assemblies.

Aecofding—to—3-1of IEC-60096-1 An RF cable assembly is a combination of a cable

connpctors with specified performance, used as a single unit.

The gables should be preferably chosen from IEC 61196 (all parts) and the Cennectors
IEC 61169 sectional and detail specifications, (see Clause 1, Note 1), in many cases the
be customer-built products.

Qualfty assurance for connectors and cables is described in IEC 61169 sectional and
specffications and IEC 61196 (all parts) respectively and does not'form part of this docum

specifies qualification approval and capability approval procedures

D.3 | General Basic aspects

D.3.1 Related documents

See Clause 2.

D.3.2 Standards and préferred values

Whenever possible, standards and preferred values according to this generic specific
and the relevant sectional specification shall be used.

D.3.3 Marking:-of the cable assembly and packaging (see 5.2)

Unless otherwise specified in the detail specification (DS) or customer detail specific
(CDSY), each cable assembly shall be marked with as many of the following items, as 3
permfitsSYgiven in the order of preference:

and

from
y will

letail
ent.

ex D

ation

ation
pace

type number;
lot identification and/or date code and/or serial number;
factory identification code;

detail specification number.

All this information shall be marked on the primary package of the cable assemblies; all
markings shall be legible and indelible.



https://iecnorm.com/api/?name=aca63f903a385e753e0063c084ecee4e

- 54 - IEC 60966-1:2019 RLV © |IEC 2019

D.3.4 Terminology
D.3.4.1 Capability manual (CM)

The capability manual (CM) of a manufacturer is a complete description of design rules,
manufacturer processes and test procedures including the limits and the verification
procedures. The capability manual is the basic document for granting a capability approval.

D.3.4.2 Quality manual (QM)

The quallty manual (QM) describes either dlrectly or by reference to the manufacturers
d G Gtk gf his
gbility

D.3.4.3 Capability qualifying components (CQCs)

CQCpk are test specimens specially designed or taken from productionphused for verifying
capapility limits in accordance with the capability manual (CM).

D.3.4.4 Primary stage of manufacture

The primary stage of manufacture is the first activity under ¢he“control of the manufacfurer,
accofding to the capability manual.

D.4 | Quality-assessment management procedures

D.4.1 Procedures for qualification approval
D.4.1.1 ntroduction General

Quallfication approval is appropriate.'when the cable assemblies are made to standard
patterns and usually in continuous production.

Qualffication approval can only.be achieved for existing detail specifications.

The felevant specifications ‘state the requirements for the qualification approval of the ¢table
assembly (test schedutes humber of specimens, number of defectives permitted, etc.).

D.4.1.2 How<to\obtain qualification approval

To olptain qualification approval, the following steps shall be performed:

a) Approval of the manufacturer on the basis of his ability to produce and ingpect
cpmponents in conformance with the specifications and the agreed rules of procefure,
limited to specified organisation and facilities, verified by audits on QM-by—the- NS} for
example according to ISO 9001 or ISO 9002.

NOTE A valid approval according to the relevant ISO 9000 is recognized.

b) Successful completion of qualification tests usually made on production items according to
the relevant specification.

D.4.1.3 How to maintain qualification approval

To maintain a qualification approval, the manufacturer shall comply with the following
conditions to the satisfaction of-the-NS} national or regional requirements:

a) The results of the periodic audits by the-NS} national or regional authorized body at
intervals no greater than one year on the quality manual shall be satisfactory.

b) The delivered products shall fulfill the quality assurance requirements.
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c)

d)

An inspection of the current production is carried out in accordance with the
specifications. The cable assemblies from lots which do not fulfill the specifications are
not permitted to be delivered.

Successful completion of periodic tests according to the detail specification.

D.4.1.4 Modifications likely to affect qualification approval

The manufacturer shall report to the-NS} authorized regional or national body any technical
modiEcations, including changes of place of manufacture, which could affect the rgsults

obtai

ed where the qualification approval was delivered.

The-j{St authorized regional or national body shall then decide whether it is necessary to r¢peat
all orf some of the qualification approval tests before any components subject to-the modificgtions

are delivered under the system.

The-NSt authorized regional or national body shall, as a part of its strveillance, ensurg that

the réporting of modifications has taken place.

D.4.2 Procedures for capability approval

D.4.4.1 rtroduction General

When the total volume of cable assemblies beinghymanufactured for a particular custpmer
ordel is less than the quantity of assemblies to be tested for a capability study based on the
manyfacturer's capability manual, then the capability study is not required to obtain capgbility

approval.

As

cppability approval is process orientated, it is appropriate when the cable assempling

technologies are fully controlled and thetequirements of the customers with respect to désign

variapts change to reflect final use.

Capdbility approval is valid forsall existing and future detail specifications within the capgbility

limitd.

The |capability manualy‘states the requirements for the capability approval of all ¢able

assemblies within thejcapability limits.

D.4.4.2 Hew to obtain a capability approval

To c:]ztain a‘capability approval, the following steps shall be performed:

a) pprm/al of the manufacturer on the basis of his ahility to pmdur‘p and in bpect
components according to the specifications and the agreed rules of procedure, limited to
specified organisation and facilities checked by audit on the QM-by-the- NS} for example
according to ISO 9001 or ISO 9002.

NOTE A valid approval according to the relevant ISO 9000 is recognized.

b) Approval of the manufacturer on the basis of his capability manual by the-NS} authorized
regional or national body.

c) Successful completion of qualification tests on CQCs specified by the chief inspector
according to the CM and the relevant specifications.

D.4.2.3 How to maintain a capability approval

To maintain the capability approval, the manufacturer shall comply with the following

conditions to the satisfaction of the-NS} authorized regional or national body:
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He shall give evidence that the capability limits stay valid by periodic testing of the CQCs
according to the CM.

The results of the periodic audits on the QM led by the-NS} authorized regional or national
body at intervals no greater than one year shall be satisfactory.

The delivered products shall fulfill the quality assurance requirements.
The capability manual shall be continuously updated.
The register of the associated products shall be kept up to date.

D.4.2.4 Procedure for reduction, extension or change of capability

Whete an approved manufacturer wishes to reduce, extend or change the domain\df his
capapility, it is the responsibility of the chief inspector to decide whether the reduction,

extension or change is significant or not.

Whete the reduction, extension or change is not significant, it shall berecorded by the
manufacturer who may proceed without the approval of the—NS} authorized regionpl or

natiohal body.

Whete the reduction, extension or change is significant, the manufacturer shall notify the-NS!}

authgrized regional or national body in advance.

The
shalllbe made available to the-NS} authorized regional or national body.

D.4.3 Quality conformance inspection

D.4.3.1 General

esults of the tests carried out to demonstrate the effect of the change on the proglucts

After| qualification approval or capability approval has been obtained, the manufactuier is
responsible for ensuring that no technicalichanges likely to affect the approval are introduced
for tHe products without re-approval, and that the quality conformance inspection required by

the specifications is carried out with-success.

The

a)

b)

Unddr qualification approval, the full test programme is given in the detail specification.

uality conformance inspection is divided into two parts:
first group of tests that is carried out lot by lot and serves to accept the indiidual
production lots that.jtis based on.

second group, of tests, containing the time consuming and more expensive tests| that
e carried out'on a periodic basis.

Unddr.capability approval, periodic tests shall be performed on CQCs as prescribed in the

CM.

D.4.3.2 Formation of inspection lots

An inspection lot may be formed by the aggregation of several production lots, provided that:

a)

b)

The production lots are manufactured under essentially the same conditions, without
significant interruption.

All the production lots are assembled with the same piece parts.

D.4.3.3 Lot-by-lot tests

Lot-by-lot tests are carried out on each inspection lot.
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Generally, lot-by-lot tests cover the visual and dimensional inspections and the principal
characteristics of the cable assemblies.

D.4.3.4 Periodic tests

Periodic tests are carried out at fixed intervals on samples taken from lots which have already
satisfied the lot-by-lot tests or on CQCs in case of capability approval. The periodicity and the
number of samples are given in DS.

Generally, the periodic tests cover structural characteristics. They are time consuming and
rather expensive.

D.4.3.5 Release or rejection of lots
. I be i . . . & of _
Unless otherwise stated in the relevant specification, the lots shall be released or rejecte

the Hasis of the lot-by-lot tests. Normally the failure of the sample submitted to one @
periodic tests shall entail the rejection of the lot from which the sample:Came.

SR
D.5 | Capability manual and approval

D.5.1 Responsibilities

It is the responsibility of the chief inspectgr.*to access the capability manual as well
seledt and define CQCs.

To

documented in his quality and capability manuals and effectively implemented in accord
with the requirements, an auditShall be performed under the responsibility of the NSI.

The INSI shall verify the fellowing items:

gdssure that the manufacturer's organization, processes and products are cor

hpability manuatl;
Lality-assessirént management;

Esign control;

d on
f the

As to

ectly
ance

c
q
ofganization;
d
n

anufacturing inspections;

control of equipment used for inspection, measuring and testing;
control of non-conforming parts, material, products;

handling, storage and delivery;

change control;

traceability.

D.5.2 Contents of the capability manual

D.5.2.1 Object

This section of the capability manual shall give the range of specifications covered by the
capability approval.
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D.5.2.2 List of revisions

The validation of an updated capability manual is part of the audit procedure.

Revisions shall be identified by an index and the date. When a revision takes place, a
complete list of all changes shall be made which occurred during the preceding period.

D.5.2.3 Related documents

The capability manual shall make reference to all mentioned relevant documents.

D.5.4.4 Capability domain, capability limits and their related CQCs

(see[Tables D.1, D.2 and D.3.)

This pection shall give the identification of the domain in terms of:

a) cpnnectors;

b) cpbles;

c) main assembly techniques;

d) other piece parts (sleeves, caps, armours, etc.);

e) tgst facilities.

This |section shall also give a reference list of the capability limits and the CQCs chosgn to
assesgs these limits from the primary stage of manufactdre to the final product.

D.5.4.5 Flow chart, including process paraimeters (see Table D.4)
This gection shall include:

a) (eneral flow chart(s) giving the fulksequence of manufacturing and inspection procegses,
flom the primary stage of manufacture to the delivery and the corresponding CQCs.

b) Working instructions and inspection procedures for all processes contained in the| flow
chart, generally by reference-to in-house documentation.

¢) How charts for CQCs.
D.5.2.6 Purchasedyaw materials and piece parts

This gection shall identify purchasing specifications for the raw materials and piece parts jused
in the manufacturing processes.

D.5.4.7 Design rules

Unlesscovered h\]/ nlllnlify manual the manufacturer's dncign rules shall bhe stated gither

directly or by reference to the manufacturer's internal documents.

D.5.2.8 Register of associated products

This section shall give the list of products which are, or can be, delivered under capability
approval generally by reference to an annex.

D.5.3 Criteria for capability limits

The sectional specifications shall preferably give guidance for capability limits, technology,
processes, performances and their related CQCs. The CM may include one or several sub-
families from one or several sectional specifications.
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Table D.1 — Example of capability limits for cable assemblies

Technology Capability domain Capability limits
Cable Flexible (subfamily) Purchased according to IEC 61196-XX or other
o . standards or manufactured according to processes
Semi-rigid (subfamily) described in the CM-(see-table E.2)

Semi-flexible (subfamily)
Super-screened

(subfamily)
Connectors Series SMA, N, BNC, F, Purchased according to IEC 61169-YY, IEC 60339 or
etc. other standards, or manufactured according to

processes described in the CM-(see-table E-3}

Customer-built

Othel piece parts Sleeves, armour, etc.
Assefnbly techniques Crimping

Soldering, etc.
Mechfanical Test group Mn
Electfical Eb and/or Eh
Envirpnmental Vc and/or Vv

Table D.2 — Example of capability limits for flexible cables

Inner conductor Solid wire (rangéf diameters)
Stranded wire!
Plated wire

Insulation Extrusion, (function of the material)
TapeTapping
Sintering

Outer conductor Braid
Foil plus braid
Tape lapping

Jacket Braid
Extrusion (materials)

Table D.3(—)Example of capability limits for connectors

Slicing

Molding

CNC machining

Electroforming

Electroerosion

Embossing

Plating, etc.

In this case, Tables D.2 and D.3 have been combined with Table D.1 concerning
environmental, mechanical and electrical requirements.
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Table D.4 — Example of flow chart (see D.5.2.5)

Operations Limits CcQcC Specifications
Cable manufacture Purchased according Purchasing specification
to IEC 61196-XX NA o ,
Incoming inspection
Connector manufacture Purchased according Purchasing specification
to IEC 61169-YY NA I .
Incoming inspection
Cable preparation Accuracy 2 mm CQC n° 001 Procedure n° 1001
Connector crimping Eonrﬂﬂu*tfriazli diameter CQC n° 002 Procedure n° 1002
Connector soldering For inner cable diameter o Procedure n° 1003
of 0,5 mm to 4 mm €QC n° 003
Test$ Eh, Ez, Mn, Vt 12,5 GHz; —40/125 °C CQC n° 004 Procedure n®y1004

PacKaging

Procedure n° 1005
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RADIO FREQUENCY AND COAXIAL CABLE ASSEMBLIES -

Part 1. Generic specification — General requirements and test methods
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FOREWORD

ernational co-operation on all questions concerning standardization in the electrical and electronic fiel
5 end and in addition to other activities, IEC publishes International Standards, Technical<Specific
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEC National'Committee inte

eement between the two organizations.

hsensus of opinion on the relevant subjects since each technical cdmmittee has representation fr
prested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC N
mmittees in that sense. While all reasonable efforts are made to’ ensure that the technical content

Binterpretation by any end user.

latter.

~

C itself does not provide any attestation of conformity. Independent certification bodies provide conf
Eessment services and, in some areas, aecess to |[EC 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.

liability shall attach to IEC or its\directors, employees, servants or agents including individual exper
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 fees
benses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
blications.

ention is drawn to-the/Normative references cited in this publication. Use of the referenced publicati
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 rights,.IEC-shall not be held responsible for identifying any or all such patent rights.

hational "Standard IEC 60966-1 has been prepared by technical committee 46: C§
, Waveguides, RF connectors, RF and microwave passive components and accessof

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comprising
national electrotechnical committees (IEC National Committees). The object of IEC isg”)to/ prpmote

fis. To
tions,

“IEC
rested

the subject dealt with may participate in this preparatory work. International, governmental and non-
ernmental organizations liaising with the IEC also participate in this preparation-{EC collaborates dlosely
h the International Organization for Standardization (ISO) in accordance withyconditions determined by

e formal decisions or agreements of IEC on technical matters express, as n€arly as possible, an international

bm all

tional
f IEC

blications is accurate, IEC cannot be held responsible for’he way in which they are used or fqr any

order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
nsparently to the maximum extent possible in their ynational and regional publications. Any divergence
ween any IEC Publication and the corresponding national or regional publication shall be clearly indicgted in

prmity
br any

s and
hge or
) and
r IEC

bns is

ect of

bles,
ies.

This third edition cancels and replaces the second edition published in 1999. This edition
constitutes a technical revision.

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

a) Annex C (informative) Measurement method for screening effectiveness was cancelled,;

b) Subclause 8.9 gives references to relevant test procedures.
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The text of this standard is based on the following documents:

FDIS Report on voting
46/700A/FDIS 46/704/RVD

2019

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 lis{ of all parts in the IEC 60966 series, published under the general title Radio freqyency
and ¢oaxial cable assemblies, can be found on the IEC website.

The ¢ommittee has decided that the contents of this document will remain unchanged untjil the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the-data related to
the specific document. At this date, the document will be

e regconfirmed,

e wlithdrawn,

o re¢placed by a revised edition, or

e amended.

IMPQRTANT — The 'colour inside' logo on thescover page of this publication indicfates
that | it contains colours which are considered to be useful for the corfect
unddrstanding of its contents. Users should therefore print this document usirlg a
colodir printer.
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RADIO FREQUENCY AND COAXIAL CABLE ASSEMBLIES -

Part 1. Generic specification — General requirements and test methods

1 Scope

This part of IEC 60966 specifies requirements for radio frequency coaxial cable assemblies
operating in the transverse electromagnetic mode (TEM) and establishes ge

requi

rements for testing the electrical, mechanical and environmental properties. of

neral
radio

frequency coaxial cable assemblies composed of cables and connectors.</Addifional

requi
secti

The
of IE

NOTE|
separ

NOTE
the IB
specif
NOTE|
descri

2 N

The
conte
cited
any 4

IEC ¢
IEC ¢

IEC ¢
mist

bnal specifications.

jesign of the cables and connectors used will preferably conform tg.the applicable
C 61196 and IEC 61169 respectively.

1 This document does not include tests which are normally performed’on the cables and conn
tely. These tests are described in IEC 61196-1 (all parts) and IEC 61169-1 respectively.

2 Wherever possible, cables and connectors used in cable assemblies, even if they are not descri
C 61196 or IEC 61169 series, are tested separately according'io the tests given in the relevant g
cation.

3 Where additional protection is applied to a cable assembly, the mechanical and environmenta
bed in this document are applicable.

lormative references

ollowing documents are referred.10 in the text in such a way that some or all of
nt constitutes requirements of this document. For dated references, only the e

mendments) applies.
0068 (all parts), Enyironmental testing
0068-2-6, Envjironmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

0068-2-144,~Basic environmental testing procedures — Part 2-11: Tests — Test Kaj

IEC ¢

0068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperatu

rements relating to specific families of cable assemblies are given in‘the rel¢vant

parts

ectors

bed in
eneric

tests

their
dition

applies. For undated references, the latest edition of the referenced document (incléiding

Salt

re

IEC 60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

IEC 60068-2-42, Environmental testing — Part 2-42: Tests — Test Kc: Sulphur dioxide test for
contacts and connections

IEC 60068-2-68, Environmental testing — Part 2-68: Tests — Test L: Dust and sand

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady

state

IEC 60332-1-2:2004, Tests on electric and optical fibre cables under fire conditions -
Part 1-2: Test for vertical flame propagation for a single insulated wire or cable — Procedure

for 1

kW pre-mixed flame
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IEC 60512-6-2, Connectors for electronic equipment —Tests and measurements — Part 6-2:

Dynamic stress tests — Test 6b: Bump

IEC 60512-7-2, Connectors for electronic equipment — Tests and measurements — Part 7-2:

Impact tests (free components) — Test 7b: Mechanical strength impact

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC ¢0966-2(attparts), Radio requency and coaxiar cabie assembties ]

IEC 60966-3 (all parts), Radio frequency and coaxial cable assemblies
IEC 60966-4 (all parts), Radio frequency and coaxial cable assemblies

IEC 61169 (all parts), Radio-frequency connectors

IEC $1169-1:2013, Radio-frequency connectors — Part 1. Genetic’ specification — Ge

requirements and measuring methods

IEC $1196 (all parts), Coaxial communication cables

IEC $1196-1-119, Coaxial communication cables — Part 1-119: Electrical test methods

powgqr rating

IEC $2037-2, Passive RF and microwave  dévices, intermodulation level measuremdq

Part P: Measurement of passive intermodulation in coaxial cable assemblies

IEC 62153-4-6, Metallic cables and-‘other passive components test methods — Part
Electromagnetic compatibility (EMC) > Surface transfer impedance — Line injection methg

IEC $2153-4-7:2015, Metallie*"communication cable test methods — Part 4-7: Electroma
compatibility (EMC) — Test 'method for measuring of transfer impedance Z; and screg¢ning
attenjuation ag or coupling ‘attenuation a. of connectors and assemblies up to and

3 GHz — Triaxial tube(dnytube method

3 Terms and.definitions

For the purposes of this document, the following terms and definitions apply.

£

neral

RF

nt —

4-6:

}netic
bove

L P H - H " H L H L L N L £ H N L L e Py
ISO allu iE\, rrrariatrt LUIIIIIIIUIUgIbaI ualabasts 1TUI UsST 11T startuaruirZativlilt at Ui
addresses:

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

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

3.1
cable assembly

LAY

U

wing

combination of cable(s) and connector(s) with or without any additional protection and with

specified performance, used as a single unit

3.2
flexible cable assembly
cable assembly where the cable is capable of repeated flexure
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Note 1 to entry: The cable usually has a braid outer conductor.

3.3

semi-flexible cable assembly

cable assembly not intended for applications requiring repeated flexure of the cable in
service, but bending or forming is permissible to facilitate installation

3.4
semi-rigid cable assembly
cable assembly not intended to be bent or flexed after manufacture

Note FtoEemntry ANy DEmdiTg—or fteximgaurmng mstattation or use nray degrade the performance o te] cable
assenjbly.

3.5
inseftion loss
loss [ntroduced by inserting a cable assembly into a system

Note 1 to entry: In this standard, it is the ratio, expressed in decibels, of the powel-(P1) delivered to @ load
connefted directly to a source and the power (P2) delivered to a load when the cable_assembly is inserted begtween
the source and the load.

Insertion loss = 10 x Iog[Plj
P

3.6
reflegtion factor
ratio |of the complex wave amplitude of the reflected wave to the complex wave amplitufe of
the ifpcident wave at a port or transverse cross-section of a transmission line

3.7
electrical length
equivalent free-space length of the cable assembly

3.8
electrical length difference
diffefence in electrical length between cable assemblies

3.9
phasle difference
diffefence in phasSe between a transverse electromagnetic mode (TEM) wave which has
travefsed thé cable assembly and an identical wave which has traversed another ¢able
assembly

3.10
propagation time

time taken for the propagation of a TEM wave between the reference planes of the two
connectors

3.11
minimum static bending radius
radius used in climatic tests

Note 1 to entry: It is the minimum permissible radius for fixed installation of the cable.

3.12

dynamic bending radius

radius used for the insertion loss stability, stability of electrical length and flexing endurance
tests
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Note 1 to entry: It is the minimum bending radius for applications where the cable assembly is flexed. Larger
bending radii will allow the increase of the maximum number of flexures.

3.13

transfer impedance

qguotient of the induced voltage on the inside of the cable assembly and the inducing current
outside the assembly

Note 1 to entry: In practice, this is between defined points on connectors mated to the connectors of the cable
assembly

3.14

screfninmg attenuation
ratio [of the signal power inside the cable assembly to the total power that radiates outside the
cablg assembly

3.15
power rating
input| power which may be handled continuously by the cable assembly when terminated by its
characteristic impedance

Note 1 to entry: For practical application, the maximum power that may be handled is dependent upon the [return
loss.

Note 4 to entry: Power rating is dependent on mounting details, ¢cambient temperature, air pressurg¢ and
circulgtion. It is normally specified at an ambient temperature of 40 °C.

3.16
artificial ageing
procéss used to improve the stability of phase attenuation and expansion with temperature

Note 1 to entry: This process normally consists efi Submitting the complete cable assembly to a numper of
tempefature cycles. Unless otherwise specified in_the“relevant detail specification, submitting the complete|cable
assen|bly to artificial ageing is optional, at the dis¢retion of the supplier.

4 [Design and manufacturingtequirements

4.1 | Cable design and construction

Cablg¢s in accordance .with, or conforming to, IEC 61196 sectional or detail specificgtions
should be specified (wherever possible. Where cable designs deviating from IEC 61196
sectipnal or detail Jspecifications are required, these cables shall comply with| the
requirements of the.relevant sectional or detail specification of the manufacturer.

Accofrding .te~local regulation, raw material of the cable as well as those of addifional
protectiof shall be chosen to comply with regional or national Directives and Regulations|such
as RpHS,and REACH in Europe.

4.2 Connector design and construction

Connector types conforming to the relevant part of IEC 61169 shall be specified wherever
possible, but where a special connector design is required, the interface shall conform to the
relevant part of IEC 61169, where available, and the connector construction shall comply with
the requirements of the relevant detail specification.

According to local regulation, raw material of the connector as well as those of additional
protection shall be chosen to comply with RoHS and other environmental regulation such as
REACH in Europe.
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4.3

Outline and interface dimensions

Outline dimensions shall be in accordance with the relevant detail specification of the cable
assembly.

Interface dimensions shall be in accordance with the relevant detail specification.

5 Workmanship, marking and packaging

5.1

Workmanship

Ther
cond

5.2

Mark
ident

5.3

Unle
mate

b shall be no observable defects in the cable assembly. It shall be clean and-in
tion.

Marking

ng shall be legible and in accordance with the relevant detail specification. It
fy the manufacturer of the cable assembly.

End caps

rial for transport and storage shall be fitted to the connectors to protect at least

interface from damage and dirt.

5.4

Pack

Packaging and labelling

aging and labelling shall be in accordance with the relevant detail specification, u

othenwise specified.

6 (

A gu
is giV

7

7.1

Stan
corre

Duality management

de for quality managemengtincluding capability approval as well as qualification app
en in Annex D.

[est methods —-General

Standard.atmospheric conditions for testing

Hard atmospheric conditions need to be controlled within some range to ensure p
lation<of data obtained from measurements and test conducted in various faci

Condg

uct. measurement and test conditions under the following atmospheric conditions, u

good

shall

Es otherwise specified in the relevant detail specificationjdisposable end caps of suitable

each

hless

roval

oper
ities.
hless

othenwisé specified. In some cases, special ambient conditions may be needed an

d be

specified in the detail specification.

Table 1 gives the standard range of atmospheric conditions for carrying out measurements

and t

ests.
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Table 1 — Standard range of atmospheric conditions

Conditions Standard
Temperature 23°C+5°C
Relative humidity (45 + 25) %
Atmospheric pressure (Limits are inclusive) Site ambient

2019

Keep variations in ambient temperature and humidity to a minimum during a series of

measurements.

Whete it is impracticable to carry out tests under the standard atmospheric condition
testinng, a note to this effect, stating the actual conditions of tests, shall be addedto thed
repoft.

7.2 | Visual inspection

The gpecimen shall be visually examined to ensure that:

a) the condition, workmanship and finish are satisfactory;

b) the marking is in accordance with 5.2 of this document;

c) there is no mechanical damage, undesired movement ot displacement of parts;

d n

O pitting or flaking of materials or finishes is apparent.

Examination may generally be carried out using “*an instrument with up to three |

magf

7.3

7.3.1

ification.

Dimensions inspection

Interface dimensions

The |nterface dimensions shall be*tested for compliance with the relevant detail specific

with

Whe
inspg
incor,
to inn

Whe
in thd

7.3.2

he appropriate test equipment.

s for
test

imes

ation

e connectors conforming to IEC 61169 sectional and detail specifications are Uised,

ction of interface dimensions may be limited to those features likely to vary as a res

Fect assembly, for/example the axial dimensions from reference plane to dielectric

er contact features.

e other(connectors are used or where special requirements exist, details shall be
relevant detail specification.

ult of
and

jiven

Qutline dimensions

Outline dimensions shall be measured according to the sketches of IEC 60966-2 (all parts),
IEC 60966-3 (all parts) or IEC 60966-4 (all parts) as relevant.

Any special requirements for the measurement of cable assembly outline dimensions shall be
given in the relevant detail specification.
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8 Electrical tests

8.1 Reflection properties
8.1.1 Object
To determine the amount of signal that is reflected back to the signal source by the cable

assembly under test in a matched system. The reflection behaviour is preferably expressed in
terms of 'dB return loss'.

8.1.2 Test equipment

A vegtor network analyzer (VNA) capable of performing s-parameter measurementsusing
calibfation standards (open, short, load) that enables the RF performance of radie_fréqyency
(RF) |and microwave devices to be characterized in terms of network scattering parametgrs or
S parameters.

The return loss of the cords under test shall be measured with the VNA over the spetified
rang¢ of interest.

A detailed description of the error correction (calibration) procedufe is given in the manyal of
the NA.

Precision test adaptors (or test leads) with small inherentireflections shall be fitted on|both
ends|of the cord under test to allow direct connection te’the VNA and terminating load.

8.1.3 Procedure

For the measurement of the reflection characteristics of cable assemblies, special care|shall
be giyven to the following:

e epsure that the sweep speed is_slow enough for the reflected signal to remain ip the
centre of the IF-filter of the receiver system. The longer the cable, the slower the sweep
speed that shall be chosen;

e cqble assemblies might have narrow return loss spikes. For continuous network analyser-
systems, the sweep rate‘shall be low enough and for digital network analyser-systemsg, the
npmber of measurement points shall be high enough for resolving eventual return| loss
spikes.

For gxample, for digital systems, the number of points should be:

n > 3(f, — f;) L / (120)

wher

D

n is—the—ntumber—of aalllp“lly pUiIItD —the flcqucnby rafge fl to f2 fuullillg the—response
curve;

f, is the lowest frequency in the range, in MHz;
f, is the highest frequency in the range, in MHz;
L is the physical length of the test specimen, in m.

Failing to apply these criteria may result in too wide a distance between the frequency
sampling points, thus leading to considerable measuring failures.

The return loss of cable assemblies is not necessarily symmetrical for both sides, and
measurements from both sides might be required. Unless otherwise stated in the relevant
detail specification, the worst case has to be within the specification.
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The system has to be calibrated with the appropriate connector types. If these are not
available, then adapters have to be used. The adapters will give a deterioration in the
measured return loss, but, the result shall not be corrected for the adapters. The combined
return loss, including the adapters, shall be within the specification.

Other techniques for measuring the reflection characteristics of a cable assembly may be

used

8.1.4

if agreed by the customer.

Requirements

The measured return loss values shall be within the specified limits.

8.1.5
a)

b) f
C) r¢

Meag

8.2

8.2.1

Information to be given in the detail specification
inimum return loss, as a function of frequency, if appropriate;
equency range;
pquired frequency resolution.

urements to be made from one or both ends.

Uniformity of impedance

Object

To determine the variation of local characteristic impedance of the cable assembly.

8.2.2

Meaq
cable
and ¢

Alter

8.2.3

Procedure

urement is made using a time domain reflectometer (TDR) with input step applied t
assembly through an air line acting as ‘an impedance reference (see IEC 61196-1
1169-1:2013, 9.2.1.2.2). Impedancesvariation along the assembly shall be observed

natively, a system using frequency domain to time domain conversion may be used.

Requirements

To b¢ as specified in thewelevant detail specification.

8.2.4]
a) ri
b)

8.3

Informatioh to be given in the detail specification
se time of the: TDR system;

Mmits of impedance variation.

Insertion loss

D the
-112

8.3.1

The i

8.3.2

rFroceadure

nsertion loss shall be inspected in accordance with Annex A.

Requirements

The insertion loss shall not exceed the specified limits at any frequency within the frequency

band

8.3.3

indicated in the relevant detail specification.

Information to be given in the detail specification

a) maximum insertion loss, if appropriate, as a function of frequency;

b) frequency range.
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8.4 Insertion loss stability
8.4.1 Object

To determine the change of attenuation at a given frequency when the cable assembly is
subjected to dynamic bending.

8.4.2 Procedure

During insertion loss measurement according to 8.3, the cable is wound on a mandrel of
radius equal to the dynamic bending radius and using the number of turns indicated in the

t detail ificati
relevant-detail SpecHicaion-

8.4.3 Requirements

Durirjg and after the test, the specified change of insertion loss given in the relevant detail
specification shall not be exceeded.

8.4.4 Information to be given in the detail specification
a) dynamic bending radius of the cable (radius of the mandrel);
b) nE

c) test frequencies.

mber of turns and portion of the cable assembly on the mandrel;

d) maximum change of insertion loss.
8.5 | Propagation time
8.5.1 Procedure

The propagation time is inspected in accordance with Annex B.

8.5.2 Requirements
The propagation time shall not exceed the limits indicated in the relevant detail specification.

8.5.3 Information to be given in the detail specification

a) f;llequency band in which the measurement is carried out (see Clause B.1) or rise time of
e system (see Clause B.2);

—

b) propagation time_and tolerance.
8.6 | Stability_ef electrical length

8.6.1 Onject

To determine the change of phase caused by the change in electrical length when the ¢able
assembly is subjected either to bending or twisting.

8.6.2 Procedures
8.6.2.1 Bending

Method 1

A cable assembly which is of a U shape shall be connected to a suitable network analyser
according to 8.1.2 (see Figure 1). During recording of the phase of the transmitting signal, the
cable is wound around the mandrel for 180° (see Figure 1), unwound to the starting position,
wound counter-clockwise for 180° around the mandrel (see Figure 1) and again unwound to
its starting position. The initial position of the mandrel shall be chosen so that only the straight
parts of the U will be bent during the test.


https://iecnorm.com/api/?name=aca63f903a385e753e0063c084ecee4e

- 18 - IEC 60966-1:2019 © |IEC 2019

Figure 1 — Bending test: U shape assem

Co

Methpd 2

&
A cable assembly which is of a straight shape has to be te(é\inated by a short at one end and
connpcted to a suitable network analyser accordin 8.1.2 at the other end. During the

recollding of the phase of the reflected signal, the? e is first wound clockwise aroungl the
mandrel for one half turn released to the startin sition then wound anti-clockwise arjpund

the mandrel and again released to its starting pes on See Figure 2.

7
Short DL1T§5\\'Q VNA
-_— \

Figure 2 — Bending test: straight assembly

8.6.2.2 Twisting

A cable assembly which is of a U shape has to be connected to a suitable network analyser
according to 8.1.2 (see Figure 3a). During the recording of the phase of the transmitting
signal the mandrel in the middle of the cable is first twisted in a clockwise direction for 180°
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(see Figure 3b) then released to the starting position, twisted counter-clockwise for 180° (see

Figure 3c) and again released to its starting position.

Depending on the torsional rigidity and the maximum permissible torque at the cable
connectors interface, the maximum twist angle may have to be restricted.

DUT

\

a) Starting position

DUT

b) Clockwise twist

DU,

-y . . - 2w

8.6.3 Requirements

The phase difference shall not exceed the limits specified in the relevant detail specificati

8.6.4 Information_to be given in the detail specification

c) <Counter clockwise twist

IEC

IEC

Figure 3 < Twisting test: U shape assembly

a) radius of mandrel (usually dynamic bending radius of the cable);

b) test frequency;
c) npaximum change of phase.

87 Phaoac diffaran
. mITaoc uirmrrecrcireT

8.7.1 Object

To measure the phase difference between two or more cable assemblies.

8.7.2 Procedure

Measurements shall be made using a suitable network analyser of appropriate resolution
according to 8.1.2. Alternatively, a slotted line may be used where frequency and accuracy

requirements permit.

8.7.3 Requirements

The phase difference shall not exceed the limits specified in the relevant detail specification.
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8.7.4 Information to be given in the detail specification
a) maximum phase difference or nominal phase difference with tolerances;

b) frequency.
8.8 Phase variation with temperature
8.8.1 Object

To determine the changes of phase caused by the change in the electrical length when the
cable assembly is subjected to various temperatures within its operating temperature range.

Wheth specified in the relevant detail specification, this test may be conducted on a spéegimen
cablg assembly rather than a finished cable assembly. The specimen cable assembly. shall be
identjcal to the finished cable assembly except for its length and its shape.

8.8.2 Procedure

Meagqurements shall be made using a suitable network analyser according to 8.1.2 with the
cablg assembly, including its connectors, in a controlled temperature-ghamber. Details of any
cablg supports shall be given in the relevant detail specification.

Whele tests are made on a specimen cable assembly, the cable shall form one or more
unsupported loops of a diameter at least ten or more times the minimum static bending radius.

Six femperature cycles shall be used. Alternatively)*a slotted line can be used where
frequency and accuracy requirements permit.

8.8.3 Requirements

Durirlg the test, the phase variation shall not exceed the limits specified in the relevant detail
specification.

8.8.4 Information to be given in-the detail specification

—

a) mperature range and temperature against time cycle;
b) measurement frequency;

c) ethod of presenting\the results, for example Ag/°C;
d) missible phasg yariation;

e)

8.9 | Screening effectiveness

(@]

bnfigurationsof*substitute specimen cable assembly, when allowed.

8.9.1 Transfer impedance

The transfer impedance shall be tested.
Applicable tests for transfer impedance are given in IEC 62153-4-6 or IEC 62153-4-7.

The relevant detail specification shall identify the applicable test, the frequency range and the
minimum value of transfer impedance.

8.9.2 Screening attenuation

The screening attenuation shall be tested according to 62153-4-7.

The relevant detail specification shall identify the frequency range and the minimum value of
screening attenuation.
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8.10

8.10.

Voltage proof

1 Procedure

Each cable assembly shall withstand, without breakdown or flashover, the voltage specified
by the relevant detail specification. The minimum value of the test voltage derived from the
rated working voltage U of the cable assembly and the test voltage E (both expressed as DC
or AC peak) is given by:

E = 3 U for cable assemblies having a rated working voltage up to and including 1 kV,

or

E =
exce

The
40 H
asse

Alter

The

1,5 U with a minimum of 3 kV for cable assemblies having a rated working vo
bding 1 kV.

peak AC voltage stated in the relevant detail specification, at a frequency bet
z and 60 Hz, shall be applied between the inner and outer conductors of the
mbly using a mated connector as an interface.

natively, a DC voltage equal to the peak AC voltage may be-applied.

detail specification.

8.10.

Ther

8.10.
a) te

? Requirements

b shall be no breakdown or flashover.

3 Information to be given in the detail specification
St voltage;

b) ahy special requirements.

8.11
8.11.

The
cable
asse

The

Insulation resistance

1 Procedure

assembly with-a direct voltage of 500 V + 50 V or with the rated voltage of the
mbly, whicheyer is less.

nsulation resistance shall be measured after a stabilisation time of 60 s + 5 s, u

Itage

veen
cable

voltage shall be applied for a period of 1 min, unless, otherwise stated in the relg¢vant

nsulation resistance shall be measured between the inner and outer conductor of the

cable

hless

other|wise specified in the relevant detail specification.

8.11.

2 Requirements

The value of the insulation resistance shall not be less than that indicated in the detail
specification.

8.11.

3 Information to be given in the detail specification

a) test voltage;

b) stabilization time;

c) resistance value.
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8.12 Inner and outer conductor continuity
8.12.1 Object

To ensure the DC and low frequency continuity of the inner and outer conductors.

8.12.2 Procedure

Any appropriate method may be used.

8.12.3 Requirements

Ther¢ shall be no undesired DC or low frequency discontinuity of the inner or outer condyctor.

8.124 Information to be given in the detail specification
a) test voltage;

b) test current;

c) flequency.

8.13| Power rating
8.13JL Object

The |power rating of a cable assembly is defined as ‘the input power at any spetified
frequency, temperature and pressure, which can be~handled continuously when the ¢able
assembly is terminated by a load corresponding to the‘characteristic impedance.

A limitation may be either the maximum permissible operating voltage or the maximum jnner
condlctor temperature of either the cable orth€ connector.

Thus| the power handling capability testéds divided into two categories:

a) cpntinuous power handling capability;
b) peak or pulsed power handling capability.

8.13.2 Procedure

The test shall be peffermed in accordance with IEC 61196-1-119 taking into accoun{ any
evidgnce of arcing and mechanical displacement of the solder or mechanical joint.

8.13.3 Requirements

Ther¢ shall\be no evidence of breakdown due to overheating, arcing or flashover throughout

the appglication of the specified power related to the environmental conditions as stated in the
relevwmmww&cm_a&mﬂww ificati i age

and the electrical requirements shall be satisfied.

The temperature rating of the material components should not be exceeded.

8.13.4 Information to be given in the detail specification
a) temperature;

b) pressure;

c) relative humidity.

Peak power test

d) power level,
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e) frequency;

f) p

ulse width and duty cycle.

CW power test

g) power level;

h) frequency.

8.14 Intermodulation level measurement

8.14.1 Procedure

If re(lluired, the intermodulation level measurement shall be performed in accordance
IEC $2037-2.

8.14 Requirements

The

maximum intermodulation level shall be recorded and shall not ‘exceed the

intermodulation level in the relevant detail specification.

8.14,

b) t

3 Information to be given in the detail specification

a) tIst signal power;

st signal frequencies.

9 WMechanical robustness tests

9.1

Tensile

9.1.1 Object

To d
asse

etermine the mechanical strengthand, when required, electrical stability of the
mbly when subjected to an axial force.

9.1.2 Procedure

A te
conn

sile force as stated- in” the relevant detail specification shall be applied to thg
ectors along the cemmon axis of the cable and connectors. When the length or sha

the gable makes this impossible, the force shall be applied between the cable and

conn

Whe

ector in turn.

h the foree cannot be applied between the two connectors, these tests are nor

destructive-tethe cable.

with

jiven

cable

two
pe of
each

mally

The gpplication points of the force shall be given in the detail specification.

9.1.3 Requirements

There shall be no visual evidence of the movement of the cable relative to the connector.

Inner contact and insulator positions shall be in accordance with interface dimensions.

Electrical test requirements shall be complied with, if stated in the relevant detail

spec

ification.

9.1.4 Information to be given in the detail specification

a) v
b) d

alue of the force;
uration and method of application of the force.
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c) Electrical tests required.
9.2 Flexure
9.2.1 Object

To determine the ability of the cable assembly to withstand bending at the junction of the
cable and connector.

9.2.2 Procedure

The test shall he pprfnrmpd |1<:ing a fixture as shown in Fignrp 4

+90°

Pivot Q
—oli—
g‘\

Adaptor secured — both
connectors latched

220 mm to 280 mm

lF=2N
IEC

Figure 4 <=Fixture for cable assembly flexure test

The |ength L is adjusted\'so that the cable is on the vertical axis and the connector in the
horizpntal position when the force F is applied. A flexure is a rotation of the fixture of 180°.
The nate of flexure shall be 20 per minute or as stated in the relevant detail specification.

9.2.3 Requirements

After|the(test, the cable assembly interface dimensions shall be within the specified limits

Electrical test requirements stated in the relevant detail specification shall be complied with.

9.2.4 Information to be given in the detail specification

a) value of the force F;

b) number of flexures, normally 500;

c) electrical tests required;

d) whether or not electrical tests shall be applied with the cable assembly still on the fixture.

9.3 Flexing endurance
9.3.1 Object

To determine the acceptability of the cable assembly intended to withstand flexing in service.
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9.3.2

Procedure

The cable assembly shall be placed on a horizontal table in an apparatus as illustrated in
Figure 5. Whilst one connector is fixed, the other connector is moved back and forth in the
direction of the cable axis.

Key

L min

9.3.3

After
shall
spec

9.3.4

Movement
amplitude

k.

~

0,98 L min

L straight length of the cable assembly
IEC

minimum length to be tested (in metres)

Figure 5 — Apparatus for cable assembly flexing endurance test

Requirements

the test, the cable assembly shall show no visible damage and the interface dimen
be within the specified limits. Electrical requirements stated in the relevant
fication shall be complied with.

Information to be given in the detail specification

a) nmovement amplitudé;"'normally half the length of the assembly;

b) n
c) €

9.4

9.4.1

Lmber of cycles,/)normally 500;
ectrical tests'to be applied, with requirements.

Cablesassembly crushing

Object

s5ions
letail

To determine the ability of a cable assembly to withstand a transverse load (or a force)
applied to any part of the cable.

9.4.2

Procedure

A force F shall be applied to a test fixture as shown in Figure 6 at the rate of 0,2F per second
maximum. The force shall then be maintained for 60 s + 10 s.
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Loop-back set-up

Cord under test
100 mm

.

[
\ ('OQ)
Radius of 5 mm cb
@Q
Figure 6 — Fixture for cable crushiéj)est

N

Basic set-up Q

IEC

;\\
9.4.3 Requirements o
After| the test, the reflection characteristics and i tion loss shall be within the limiting
valugs specified in the relevant detail specificatio%
QO

For pome applications, the relevant det%@pecification shall indicate the uniformity of
impefgance according to 8.2. $’\.

9.4.4 Information to be given in the detail specification
a) vplue of the force F, normall 8@ N;
b) djstance from the test re&?@to one of the connectors, normally 1 m maximum;

c) electrical tests and their requirements.

-

9.5 | Torque O

9.5.1 Proced@g

The ability otﬁcable to resist torsion shall be tested by the application of a specific tgrque

strict]y axi o the interface of the cable to the connector. The torque shall be applied for at

least 62(51)1 both clockwise and counter clockwise directions, see Figure 7.
AN
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<
@Pr#

.
5
&
Fixed jaw o
(h

. 1
fgﬁu

Rotating jaw —_

IEC
Figure 7 — Example of test fixture for torque

9.5.2 Requirements

After|each 60 s application of.the torque, the interface of the cable to the connector shall be
visuglly examined. The cable-rassembly shall show no visual damage and the electrical
requirements shall be satisfied. In addition, for semi-flexible and semi-rigid cables, there|shall
be no angular displacement between the cable and the connector.

9.5.3 Information-to be given in the detail specification

Valu¢ of the terque.

9.6 | Multiple bending

9.6.1 Object

To determine the ability of a cable assembly to withstand a number of reverse bends.

9.6.2 Procedure

The cable assembly is subjected to a certain number of reverse bends using a pulling "go and
return" arrangement over its entire length. The radius of the two pulleys shall be in
accordance with the minimum dynamic bending radius of the cable. The pulleys shall be
positioned so that the bending angle of the cable on each pulley is more than 90° as shown in
Figure 8. The cable assembly is pulled forwards and backwards against a restraining force F;
which is set to ensure continuous contact between the cable and the pulleys.
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9.6.3 Requirements

After the test, the cable assembly shall show no visual damage and the electrical
requirements shall be satisfied.

9.6.4 Information to be given in the detail specification
a) number of cycles (normally 20);
b) electrical tests and their required limits to be applied.

(6]

120° ﬁ

P2

120°

IEC

Figure 8 — Muttiple bending test

9.7 | Abrasion test of cable assembly
9.7.1 Object

To de¢termine the resistance\to abrasion of the cable assembly sheath.

9.7.2 Procedure

The ¢able assembly-is subjected to test given in IEC 61196-1-324.

9.8 | Vibrations, shocks

If rec1uired, the test for vibrations and shocks shall be selected as defined in 10.2.

9.9 Impact test

This test shall be conducted in accordance with test 7b of IEC 60512-7-2.

9.10 Mechanical endurance

When this test is not performed on the connectors separately, it will be conducted in
accordance with I[EC 61169-1:2013, 9.4.5 (High temperature endurance) and, 9.4.6
(Low temperature endurance).
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10 Environmental tests

10.1 Recommended severities

For the recommended severities of environmental tests, see Annex C.
Recommended set of severities may also be found in ISO/IEC TR 29106.

10.2 Vibration, bumps and shock

When_these tests are required, they shall be selected from IEC 60068 (all parts) (see
Anngx C).

10.3| Climatic sequence
10.3[L Procedure

The fest shall be performed in accordance with 9.4.2 of IEC 61169-1:20213«

Flexiple cable assemblies shall be wound on a mandrel of minimum\static bending radius} The
number of full turns shall be three, unless otherwise stated in the relevant detail specification.

10.3P2 Requirements

At the conclusion of the recovery period, the cable assembly shall comply with the
requirements of the following tests, unless otherwise stated in the relevant detail
specification.

a) ingsulation resistance;
b) vpltage proof;

c)

d) vjsual inspection.

nsertion loss;

The Jinsulation resistance meaSurement and the voltage proof shall be carried out within
30 mjn of the end of the recgvery period.

10.3.8 Information ta"be given in the detail specification
a) spverity of eachistep of the climatic sequence;
b) number of turns on the mandrel if other than three;

c)

electricalltests made during and after the sequence and their requirements;
d) whetkerconnectors are unmated or protected.

10.4 Damn haat ctagdyv ctata
. S pPHeatT—Steat

10.4.1 Procedure

The flexible cable assembly shall be wound on a mandrel of minimum static bending radius.
The number of full turns shall be three, unless otherwise stated in the relevant detail
specification. The test shall be performed in accordance with 9.4.3 of IEC 61169-1:2013.

10.4.2 Requirements

At the conclusion of the recovery period, the cable assembly shall comply with the
requirements of the following tests, unless otherwise stated in the relevant detail
specification.

a) insulation resistance;
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voltage proof;
insertion loss;

visual inspection.

The insulation resistance and the voltage proof measurements shall be carried out within
30 min of the end of the recovery period.

10.4.3 Information to be given in the detail specification

a)
b)
c)

d)

severity of the test;

nemberofturns—-on-the-mandrelif-otherthan-three-
! 1+ RHReRaheetH-oetelHai+HH 7

D

ectrical checks made immediately after conditioning and after recovery period.and
equirements;

-

whether connectors are mated or unmated.

10.5| Rapid change of temperature

10.5]1 Procedure

The

asse

fest shall be performed in accordance with 9.4.4 of IEC 61169-1:2013. Flexible

turng| shall be three, unless otherwise stated in the relevant detail specification.

The

oil turns should be spaced to avoid contact with eachother.

10.52 Requirements

At

the conclusion of the recovery period,the cable assembly shall comply with

their

cable
mblies shall be wound on a mandrel of minimum static bending radius. The number o¢f full

the

requirements of the following tests, unless otherwise stated in the relevant detail
specification.

a)
b)
c)
d)

nsulation resistance;

vpltage proof;

oyl

L, IL, ZC, and electrical lehgth;

vlsual inspection.

Centfe contact and insujator positions shall be in accordance with the interface dimensior

10.5.8 Information to be given in the detail specification

a)
b)

inimum¢and maximum temperature;

number-of turns on the mandrel if other than three;

c) fipaktests and measurements and their requirements.

10.6 Resistance to solvents and contaminating fluids

10.6.1 Procedure

The

test shall be performed in accordance with 9.4.11 of IEC 61169-1:2013.

10.6.2 Requirements

S.

At the conclusion of the recovery period, the cable assembly shall comply with the
requirements of the following tests, unless otherwise stated in the relevant detail
specification.

a)

Insulation resistance;

b) Visual inspection;
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c) Insertion loss.

10.6.3 Information to be given in the detail specification
a) conditioning fluids;

b) drying temperature, if different from 70 °C;

c) requirements for insulation resistance and insertion loss;

d) whether the connectors are mated or unmated.

10.7 Water immersion

10.7.T  Procedure

Detalls of the method shall be given in the relevant detail specification and shall b€ gen¢rally
in acpordance with 9.4.9 of IEC 61169-1:2013.

10.7.L2 Requirements

At the conclusion of the test duration, the cable assembly shall comply with the requirements
of the following tests, unless otherwise specified in the relevant detail’specification.

nsulation resistance;

a)

b) insertion loss.

10.7.3 Information to be given in the detail specification
a) requirements for insulation resistance and insertign loss;

b) whether the connectors are mated or unmated:
10.8| Salt mist and sulphur dioxide tests
10.8J1 Procedure

When these tests are required, they Shall be performed according to 9.4.10 (salt) and 9]4.12
(sulphur) of IEC 61169-1:2013. Severities are to be given in the relevant detail specificatipn.

10.82 Requirements

At tlte conclusion of «the recovery period, the cable assembly shall comply with the
requirements of the_Jfollowing tests, unless otherwise stated in the relevant detail
specification:

a) insulation resistance;
b) vjsual inspection;

C) insertion loss.

10.8.3 Information to be given in the detail specification
a) requirements for insulation resistance and insertion loss;
b) whether the connectors are mated or unmated.

10.9 Dust tests
10.9.1 Object

To determine whether the effects of exposure to dust impair the operational performance of
the cable assembly and in particular the function of the coupling mechanism.

10.9.2 Procedure

The cord will be submitted to the test defined by IEC 60529 for a classification IP 5X.
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The details of the test (mated or unmated connector(s) shall be given in the detail
specification.

10.9.3 Requirements

At the conclusion of the last cycle, the specimen(s) shall be carefully removed from the
chamber and any surplus dust removed by a light shaking or blowing. Before uncoupling the
connector, any measurements required by the detail specification to check for deterioration in
performance shall be made.

10.9.4 Information to be given in the detail specification

a) duration of test cycle if other than 15 min;

b) the equivalent altitude if other than that covered by the standard atmospheric{¢onditions
for testing;

c) number of test cycles;

d) details of visual, mechanical and electric inspection and tests required 'at the conclusipn of
the conditioning including whether a special tool may be used tocassist uncoupling of
ated connector;

e) sjze of particles to be chosen from IEC 60529.
10.1¢ Flammability
10.10.1 Procedure
The test shall normally be carried out in accordane® with IEC 60332-1-2 on a finished ¢able
assefnbly. Unless otherwise specified in the detail specification, the duration of flame
application shall be derived from the formula given in 5.4.2 of IEC 60332-1-2:2004. In cakse of

plastjc components other than the cable itselfZeach one shall satisfy the requirements qf the
relevant specification.

10.19.2 Requirements

If ignition occurs, the cable shall not continue to burn for more than 15 s after removal|from
the flame.

At ng time during the testishall burning particles become detached from the cable.
10.10.3 Information to be given in the detail specification

Any deviation ffém the standard procedure including regional or national regulations, if any.

11 $pecialized test methods

Specialized test methods, applicable to a specific group of cable assemblies only, shall be
specified in the relevant sectional specification.

12 Test schedules

Testing schedules shall be defined in sectional and relevant detail specifications.

NOTE Typical sub-families consist of RF cable assemblies manufactured from a specific type of cable, for
example, flexible or semi-rigid, RF-connectors of an IEC standardized or proprietary design, and having specific
characteristics, for example precision or super-screened.
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A.l

Annex A
(normative)

Test methods for insertion loss determination

Purpose

To determine the insertion loss of an RF cable assembly.

A.2

A.2.1

Thre
desc
impe
giver
proce

Test
their

Adap
Thes|
cable
have

Test methods

General

b test methods for the determination of the insertion loss of an RF cahle assembl
ibed in this Annex A. The test equipment should have the same nominal characte
dance as the cable assembly under test. If this is not possible, test methods 1 a
in A.2.2 and A.2.3, may only be used with the application of the(correction formulg
bdures given in Clause A.3.

method 3 is only suitable for RF cable assemblies having an insertion loss smaller
return loss.

ters may be required between the test equipment and the cable assembly under
e shall be regarded as part of the test equipmeént and shall be left in the circuit whe
assembly is removed as part of the test procedure. However, should a cable asssg
connectors such that the adapters cannot ‘be coupled together when the cable asse

is removed, one or more of the adapters may<be left on the cable assembly. In this cas

allow

A.2.2
A.2.2

The

ance for the adapter(s) shall be made in'the relevant detail specification.

Test method 1
A Procedure for inspegtion

able assembly is tested_in the test equipment circuit as shown in Figure A.1.

| Link of

0— knownloss —q
!

y are
ristic
nd 2,
| and

than

test.
n the
mbly
mbly
P, an

Isolator .
Signal or [ — (Iltallbre;d I(\j/latched
enerator attenuator etector
g attenuator Cable
assembly
under test
Frequency Indicator

meter

IEC

Figure A.1 — Circuit for the determination of insertion loss

First the cable assembly is either replaced by the link of known loss or the two test ports are
coupled together and the indicator set to a suitable value (i.e. less than the maximum). The
cable assembly is inserted between the test ports and the calibrated attenuator is then backed
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off by an amount equal to the cable assembly limit, less the known loss of the link if used. The
indicator reading shall not be less than the set value. This ensures that the insertion loss of

the

cable assembly is not more than the specified value.

A.2.2.2 Procedure for measurement

The cable assembly is tested in the test equipment circuit as shown in Figure A.1. The
indicator is set to a suitable value (i.e. less than the maximum). The cable assembly is then
removed and the indicator reading is returned to the set value using the calibrated attenuator

and

A.2.4.3 Acceptance

The

A.2
a)

b)
c)

d)

A.2.3 Test method 2
A.2.31 General
This [test method may be used for cable assemblies having the same nominal characte

impefance as the test equipment (i.e. for high return loss cases) as well as for
assemblies having different nominal characteristic impedances (i.e. for low return loss ca

A.2.3.2 Procedure

The
the

Depgnding upon the tést'port return losses, calibration is made either by amplitude
ampljtude and phase\(high return loss requires amplitude calibration only, while low r
loss [requires amplitude and phase calibration in accordance with Clause A.3). The
assebly is inserted between the output of the directional coupler or bridge ang
detegtor V, usitig adapters if necessary. The attenuation is determined on the swept ampl

ana

insertion loss of the cable assembly shall be no greater than the specified valuée:
4.4 Precautions
Tlhe return losses at the two test ports may impair measurement andhshall be taken

if necessary the link of known loss.

account (see Clause A.3).
dare shall be taken to ensure that too much power does not damage the detector.

Tlhe oscillator shall be sufficiently pure or filtered, to ensure‘that neither harmonic
spurious signals compromise the tests.

See A.2.1 regarding the use of adapters.

est circuit is shown in Figure A.2 whereby the detector V is connected to the outg
directional coupler or bridge through adapters as necessary.

lyser.

into

b Nor

ristic
cable
5es).

ut of

br by
eturn
cable

the
itude
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Sweep output Swept

S"Yeep amplitude

oscillator analyzer

RF ‘ _
[
R AVA
j Cable assembly \Y
under test

N T

If sufficient power is available or if there is sufficient sensitivity in the systems, the altern

Coupler or bridge

IEC

Figure A.2 — Circuit for the determination of insertion loss — principle

circuft shown in Figure A.3 may be used.

Sweep
oscillator

Sweep output

Swept
amplitade

analyzer

A.2.3.3

The insertion loss of the cable assembly shall be no greater than that specified.

A.2.3.4

a)

b)
c)

d)

RF ‘

\/

Cableassembly

under test /A
I

J
N

Coupler or bridge

Matched
termination

Coupler or bridge
IEC

Figure A.3 — Alternative circuit for the determination of insertion loss

Acceptance

Précautions

Tlhe return losses at the two test ports may impair measurement and shall be taken

quired in front of the detector V.

ative

into
y be

atgcount (see Clause A.3). In particular, an attenuator having a low reflection m3g
r

The calibration of the system shall take into account the power dependence of the

coupler.

The oscillator shall be sufficiently pure or filtered, to ensure that neither harmonics nor

spurious signals compromise the tests.

In analogue-swept systems, the frequency scan rate of the sweep oscillator shall be
sufficiently slow in relation to the amplitude analyser response to obtain an accurate
determination of the insertion loss. In particular, it shall be slow enough for cable

assemblies in which there are:

1) resonances, which can be very sharp, associated with structural return loss in the

cable assembly;
2) multiple reflections between the ends of the cable assembly or the test ports.


https://iecnorm.com/api/?name=aca63f903a385e753e0063c084ecee4e

- 36 — IEC 60966-1:2019 © IEC 2019

e) In digitally stepped frequency systems, the steps shall be sufficiently fine for an accurate
determination of the insertion loss. In particular, they shall be fine enough for the cases
described in item d).

f) See A.2.1regarding the use of adapters.
A.2.4 Test method 3
A.2.4.1 General

A double-pass method of test may be used if the insertion loss of the cable assembly is
smaller than its return loss and the test bandwidth is sufficient. This requirement precludes

th t 41 £ talkacdl Ll Ll
e SUTTY UT urmmrateitu LAavuit dooTITTVITTC o

A.2.4.2 Procedure

The layout of the test circuit is shown in Figure A.4.

Sweep Sweep output SV\ﬁptd
oscillator amplitude
analyzer

NIPA

-

RF | ‘
R Vv Short-circuit
or open
circuit
/* Cable assembly termination
‘\ under test
N S

Coupler or bridge  Coupler.6r bridge
IEC

Figure A.4 — Double-pass circuit for the determination of insertion loss

Levels for V/IR at 0 dB and for-any other required attenuation are established ovef the
ired frequency range with-terminations on the directional coupler port or adaptefs as

The

the short- and open-circuit terminations. The dgcibel
e difereRtterRatons tstwicetheinseriontass of

A.2.4.3 Acceptance

The insertion loss of the cable assembly shall be no greater than the specified value.

A.2.4.4 Precautions

a) The return loss at the test port and the directivity of the directional coupler or the apparent
directivity of the bridge impair the measurement and shall be taken into account (see
Clause A.3).

b) The test bandwidth shall be sufficient to provide confidence in averaging plots.

c) The calibration of the system shall take into account the power dependence of the
coupler.
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d) The oscillator shall be sufficiently pure or filtered, to ensure that neither harmonics nor
spurious signals compromise the tests.

e) In analogue-swept systems, the frequency scan rate of the sweep oscillator shall be
sufficiently slow in relation to the amplitude analyzer response to obtain an accurate
determination of the insertion loss. In particular, it shall be slow enough for cable
assemblies in which there are:

1) resonances, which can be very sharp, associated with structural return loss in the
cable assembly;

2) multiple reflections between the ends of the cable assembly or the test ports,

f)
determination of the insertion loss. In particular they shall be fine enough for the\qases
described in item e).

g) Thhe insertion loss of the cable assembly shall permit resolution of the reflections from the
cpble assembly and its terminations.

h) open-circuit tests, radiation from the connector centre contacts shall inot comprgmise
curacy. If necessary, precision open-circuit terminations (i.e. shielded or closed-end
pen-circuit terminations) shall be used.

=
wn o

ee A.2.1 regarding the use of adapters.
A.3 | Correction for characteristic impedance differences

When the characteristic impedance of the test equipment and the cable assembly differ| test
methpds 1 and 2 may be used with the following corrgction formula:

A=|A—| 20-log 9+Z°) ~|20-log YAYAPS 20-log| 1— Lo~ Lo Zi=Zo juwnr]|| [AD)

o2, Z,) ez, ) L+l L+ L,

wherp
A is the true insertion loss of theigable assembly under test (dB);
A' is the measured insertion:l@ss of the cable assembly (dB);

is the nominal output impedance of the generator's isolator/attenuator (test method [1) or
the coupler or bridgex(test method 2) (Q);

Zy s the nominal characteristic impedance of the cable assembly (Q);

Z, s the nominal-input impedance of the calibrated attenuator (test method 1) of the
detector of coupler/bridge (test method 2) (Q);

is the attenuation constant of the cable assembly (neper/m);

is the-phase constant of the cable assembly (radian/m);

> R

H 4+l la + 1 +la £ 41 Jal Il L AY
I LT PJitysitdlr ITTigtm Ut Uic Lalitc assStTimiuty (11h).

When the attenuation against frequency shows a consistent ripple resulting from the multiple
reflections between the two test ports, S may be obtained from:

B= '. (A.2)

where

Af is the frequency difference between either two successive maxima or two successive
minima in the attenuation ripple at approximately frequency f.

Further to this, a is approximately equal to o' which is obtained from:
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o = A'/8,686L neper/m (A.3)

However, for greater accuracy, this formula may be used iteratively by substituting o for o' in
the above equation.
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B.1

Annex B
(informative)

Measuring methods for propagation time

General

Methods for both long and short cable assemblies are needed. For long cable assemblies a

method based on resonance of forward

B.2

The frequencies f; of the voltage minima at the near end of a short-circuited cable assg

and/q

Resonance method for propagation time measurement

r the frequencies f; of the voltage maxima of an open-circuited~Cable assembly

and backward waves is recommended. This
e } he—ti main

mbly

are

meagured. The frequency of the first maximum or minimum is designated as f;, the second as

f,, etL.

A suit

The propagation time Tp’n at frequency f; or fJ- is given by the formula:

wherp\\= i or j.

able equipment arrangement is given in Figure B.1.

CUT
Short-circuit for f;
Open-circuit for f;

Sweep
generator 1

O

Frequency Voltmeter

meter 2

IEC

Figure*B.1 — Arrangement of test equipment

The electrical length of the coupling device and the adapter should be taken into account.

The accuracy can be improved by taking the mean values:

f +fj
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wheren =i=j.

2019

For best accuracy, the cable shall be terminated with a short-circuited or open-circuited
connector of the same electrical length.

At other than the above resonance frequencies, the following formula may be used. The
coefficients are determined from measurement at several resonance frequencies f,.

B.3

Tp=Bg+Byp 7™+ By ¥ 4.

For 3
delay

A tim
syste

The
time
circu

Time domain method for prnpngnfinn time measurement

short or very short cable assembly the propagation time can be determined by the
of an echo through the cable.

e domain reflectometer (TDR) or a pulse echo test set can be used. Thesrise time
m and the width of the pulse should be in accordance with the resolution needed.

of the cable assembly. Allowance should be made for the _electrical length of the g
t or open-circuit.

time

f the

measured echo delay time should be divided by a factor of 2Cto’obtain the propaglation

hort-
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Annex C
(informative)

Recommended severities for environmental tests

C.1 Introduction to the relationship between environmental conditions and
severities of testing

C.1.1 General

The jpurpose of environmental engineering is to render the product and the environment
comgpatible. It should take all economic and technical aspects into consideration and thereby
choope the best test methods and correct severities for the evaluation of the product's gbility
to withstand the environment. A test program for the product is defined whereby theg test
sequgnce together with the test methods and limits are specified.

C.1.2 Environmental conditions

The pnvironmental conditions shall be evaluated by measurements,or by other informjation
availpble so that statistically accurate characteristic values can-be-established corresponpding
to the highest possible constraints. Each situation has an enviroament of its own, but it is not
reas@nable to prescribe individual products having slightly different withstand propertigs for
each|individual situation. It is necessary to combine thes€)environments into a class f0jming

an gnvelope of related environments. It is only nécessary to take into account those
parameters that influence the performance of the product. The environment shall cover aJl the
condjtions that occur during the life of the product, i.e. storage, transportation, usel and
hand|ing.

C.1.3 Environmental testing

The |purpose of an environmental test is to demonstrate that a product under defined
envirpnmental conditions can survive without permanent failure and continue to function
accofding to specification. The, severity of the test to be selected will depend on the
characteristic values obtained. fof the parameters, the failure mechanism, the ageing fadtor if
known, and the consequencgs of failure. The latter will have been studied by the utilizatipn of
the plarticular product and depends on its application. This means that the severity of the test
can pe raised or lowered according to the criticality of the product. If the sampling of the
prodiict suggests wide variations in its ability to withstand the specified environment, the|level
of testing should, be’ increased. If the distributions of environmental constraints and the
resistance to thesenvironment of a lot tested are suspected to partially overlap, the test lgvels
can he raised-te clarify this weakness.

The performance requirements should also be considered. Normal performance is udually
specffied-for all primary functions but, for secondary functions, requirements may be relaxed
during extreme conditions to avoid unnecessary over-speciiication.

An environmental test may be performed for many purposes. In this generic specification, the
environmental tests are one part of the qualification approval tests. In this case, a test of
resistance to the environment demonstrates the ability of the product to function under
constraints or withstand stated constraints. There are, however, inherent limitations due to the
fact that the tests are usually carried out on a few samples.

The results give protection to a particular design, but not to an individual product. The
successful test will ensure that the product, as a type, is capable of withstanding the expected
environments. Different kinds of tests and severity levels are necessary for product reliability
and endurance.
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An outline of the action needed for the preparation of an environmental test specification is

given in Figure C.1.
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Nature
Protection Environmental
Description rq data
External conditions
Classification Environmental prognosis
Y
Environmental L
o Grouping in
Description of parameters S| environmental
applications with charqc_tensnc classes
severities
Models
Transformation Philosophy

from environment
class for testing

Failure consequence

Transformation

Experience

Resistability
requirements
according to
environmental

A4

Specification Test methods

class
Performance
requirements Environmental
test
Test specification

sequences

IEC

Figure C.1 — Description of action needed for the preparation of
the environmental test specification

C.2 | Recommended severities for environmental tests

Cc.2.1 Vibration

This test shall be carried out in accordance with test Fc of IEC 60068-2-6, as specified in
9.3.3 of IEC 61169-1:2013, which includes details on continuity monitoring and on the
information which should be given in the relevant sectional and detail specifications.

The vibration severity shall be defined by a combination of three parameters: range of
frequency, vibration amplitude and duration in terms of the number of cycles. The relevant
specification shall select the appropriate requirement for each parameter from the following
recommended values:

10 Hz to 150 Hz

10 Hz to 500 Hz

10 Hz to 2 000 Hz

Swept frequency range:

Vibration amplitude:
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Vibration amplitude shall be specified below 57 Hz to 62 Hz and at frequencies higher than
acceleration amplitude, see Table C.1.

Table C.1 — Relationship between displacement and acceleration

Displacement amplitude Acceleration amplitude
mm m/s? g
0,75 98 10
1,0 147 15
15 196 20

Duraji

Num

C.2.4

This
requi
seve

Num

C.2.3

This

Unle

pber of swept cycles in each axis: 2, 5, 10 or 20.

Bump

test shall be carried out in accordance with test 6b of IEC 60512-6-2. Unless othe
red in the sectional or relevant detail specification, one, 0fythe following recomme
ities shall be selected:

ber of bumps: 1000 + 10

Shock

fest shall be carried out in accordance with test Ea of IEC 60068-2-27.

Es  otherwise required in the sectional or relevant detail specification, one o

wise
nded

the

recommended pulse shapes given in_the table below shall be selected. The shock sevellity is
giver] by a combination of the peakyacceleration and the duration of the nominal pulse| see
Tablg C.2.
Table C.2 — Relationship between peak acceleration and velocity change
Corresponding velocity change
Peak acceleration Corresponding Final peak Half sine Trapezoidal
duration of saw tooth
pulse
m/s2 g ms m/s m/s m/s
147 15 11 0,81 1,03 1,46
294 30 18 2,65 3,37 4,77
490 50 11 2,69 3,43 4,86
981 100 6 2,94 3,74 5,30
4 900 500 1 2,45 3,12 4,42
14 700 1 500 0,5 3,68 4,68 6,62

C.24 Climatic sequence

Unless otherwise required in the sectional or relevant detail specification, one of the following
recommended severities shall be selected:

Low temperature: —40 °C to -55 °C

High

temperature: +70 °C, +85 °C, +125 °C, +155 °C, +200 °C
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Duration: 4, 10, 21 or 56 days

C.2.5 Damp heat, steady state

This test shall be carried out in accordance with test Cab of IEC 60068-2-78.

2019

Unless otherwise required in the sectional or relevant detail specification, one of the following
recommended severities shall be selected:

Duration: 4,10, 21 or 56 days

C.2.4

This
temp|

Tran
Num

C.2.1
This

Rapid change of temperature

test shall be carried out in accordance with test Na of IEC 60068-2-14. The~ran
Pratures shall be selected in accordance with the test of climatic sequence,

Efer time between temperature: <2 minutes

ber of cycles: 2, unless otherwise specified
Salt mist
test shall be carried out in accordance with test Ka of IEC 60068-2-11. The durati

the tg¢st shall be either 96 h or 168 h.

C.2.§

This

Sulphur dioxide test

test shall be carried out in accordance with test Kc of IEC 60068-2-42. The durati

the test shall be of four days.

C.2.9

Undsg
Test

Dust test

r consideration, taking into account,IEC 60068-2-68, Environmental testing — Part
— Test L: Dust and sand.
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D.1

Annex D
(normative)

Quality management

General

The purpose is to give general procedures on how to achieve a quality management for RF
cable assemblies.

An R
used

The
IEC ¢
be cU

Qual
spec

D.2

This

D.3

D.3.1

See

D.3.2

Whe

and the relevant sectional\specification shall be used.

D.3.3

Unle
(CDS
perm

as a single unit.

cables should be preferably chosen from IEC 61196 (all parts) and the Cennectors
1169 sectional and detail specifications, (see Clause 1, Note 1), in many cases the
stomer-built products.

ty assurance for connectors and cables is described in IEC 61169 sectional and
fications and IEC 61196 (all parts) respectively and does not'form part of this docum
Object
Annex D specifies qualification approval and capability approval procedures.
Basic aspects
Related documents
Clause 2.
Standards and preferred values
hever possible, standards and preferred values according to this generic specifig

Marking.of-the cable assembly and packaging (see 5.2)

5s otherwiS€ specified in the detail specification (DS) or customer detail specific
), each.eable assembly shall be marked with as many of the following items, as s
its, given in the order of preference:

o

- cable assembly is a combination of a cable and connectors with specified performjmce,

from
y will

letail
ent.

ation

ation
pace

e |ot identification and/or date code and/or serial number;

o factory identification code;

e detail specification number.

All this information shall be marked on the primary package of the cable assemblies; all

mark

ings shall be legible and indelible.
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D.3.4 Terminology
D.3.4.1 Capability manual (CM)

The capability manual (CM) of a manufacturer is a complete description of design rules,
manufacturer processes and test procedures including the limits and the verification
procedures. The capability manual is the basic document for granting a capability approval.

D.3.4.2 Quality manual (QM)

The quality manual (QM) describes either directly or by reference to the manufacturer's
al d he . manufacty i f his
bility

D.3.4.3 Capability qualifying components (CQCs)

CQCp are test specimens specially designed or taken from productionphused for verifying
capapility limits in accordance with the capability manual (CM).

D.3.4.4 Primary stage of manufacture

The primary stage of manufacture is the first activity under ¢he“control of the manufacfurer,
accofding to the capability manual.

D.4 | Quality management procedures

D.4.1 Procedures for qualification approval
D.4.1.1 General

Quallfication approval is appropriate.'when the cable assemblies are made to standard
patterns and usually in continuous production.

Quallfication approval can only.be achieved for existing detail specifications.

The felevant specifications ‘state the requirements for the qualification approval of the ¢able
assembly (test schedules humber of specimens, number of defectives permitted, etc.).

D.4.1.2 How<to\obtain qualification approval

To olptain qualification approval, the following steps shall be performed:

a) Approval of the manufacturer on the basis of his ability to produce and ingpect
cpmponents in conformance with the specifications and the agreed rules of proceflure,
limited to specified organisation and facilities, verified by audits on QM for example
according to 1ISO 9001 or ISO 9002.

NOTE A valid approval according to the relevant ISO 9000 is recognized.

b) Successful completion of qualification tests usually made on production items according to
the relevant specification.

D.4.1.3 How to maintain qualification approval

To maintain a qualification approval, the manufacturer shall comply with the following
conditions to the satisfaction of national or regional requirements:

a) The results of the periodic audits by the national or regional authorized body at intervals
no greater than one year on the quality manual shall be satisfactory.

b) The delivered products shall fulfill the quality assurance requirements.
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c)

d)

An inspection of the current production is carried out in accordance with the
specifications. The cable assemblies from lots which do not fulfill the specifications are
not permitted to be delivered.

Successful completion of periodic tests according to the detail specification.

D.4.1.4 Modifications likely to affect qualification approval

The manufacturer shall report to the authorized regional or national body any technical
modifications, including changes of place of manufacture, which could affect the results
obtained where the qualification approval was delivered.

The authorized regional or national body shall then decide whether it is necessary to repeat all
or some of the qualification approval tests before any components subject to the modifications are

delivgred under the system.

The puthorized regional or national body shall, as a part of its surveillance;\ensure thgt the

repofting of modifications has taken place.

D.4.2 Procedures for capability approval

D.4.4.1 General

When the total volume of cable assemblies being manufactured for a particular custpmer
ordell is less than the quantity of assemblies to be testedfor a capability study based on the
manufacturer's capability manual, then the capability study is not required to obtain capdbility

approval.

As cppability approval is process orientated, it.jS appropriate when the cable assempbling
technologies are fully controlled and the requirements of the customers with respect to design

variants change to reflect final use.

Capdbility approval is valid for all existitrg and future detail specifications within the capgbility

limitq.

The
assemblies within the capability limits.

D.4.3.2 How to obtain a capability approval

To olptain a capability approval, the following steps shall be performed:

capability manual states.-the requirements for the capability approval of all ¢able

a) Approval( of the manufacturer on the basis of his ability to produce and ingpect
cpmponents according to the specifications and the agreed rules of procedure, limited to
specified organisation and facilities checked by audit on the QM for example accordipg to
1$0.9001 or ISO 9002.

NOTE A valid approval according to the relevant ISO 9000 is recognized.

b) Approval of the manufacturer on the basis of his capability manual by the authorized
regional or national body.

c) Successful completion of qualification tests on CQCs specified by the chief inspector
according to the CM and the relevant specifications.

D.4.2.3 How to maintain a capability approval

To maintain the capability approval, the manufacturer shall comply with the following
conditions to the satisfaction of the authorized regional or national body:

a)

He shall give evidence that the capability limits stay valid by periodic testing of the CQCs
according to the CM.
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b) The results of the periodic audits on the QM led by the authorized regional or national
body at intervals no greater than one year shall be satisfactory.

c) The delivered products shall fulfill the quality assurance requirements.
d) The capability manual shall be continuously updated.
e) The register of the associated products shall be kept up to date.

D.4.2.4 Procedure for reduction, extension or change of capability

Where an approved manufacturer wishes to reduce, extend or change the domain of his
capability, it is the responsibility of the chief inspector to decide whether the reduction,

exter QTUTT Ul uhalluc o Q;Ull;f;ballt U1 IIUt-

Whete the reduction, extension or change is not significant, it shall be recorded” by the
manyfacturer who may proceed without the approval of the authorized regionalyor national
body

Whete the reduction, extension or change is significant, the manufacturer shall notify the
authgrized regional or national body in advance.

The fesults of the tests carried out to demonstrate the effect of the change on the proglucts
shalllbe made available to the authorized regional or national body.

D.4.3 Quality conformance inspection
D.4.3.1 General

After| qualification approval or capability appreval has been obtained, the manufactuner is
responsible for ensuring that no technical changes likely to affect the approval are intrO(luced
for the products without re-approval, and that'the quality conformance inspection required by
the specifications is carried out with success.

The quality conformance inspection s divided into two parts:

a) first group of tests that ds-carried out lot by lot and serves to accept the individual
production lots that it is based on.

b) second group of tests, containing the time consuming and more expensive tests| that
e carried out on,aperiodic basis.

Unddr qualification approval, the full test programme is given in the detail specification.

Unddr capabhility approval, periodic tests shall be performed on CQCs as prescribed in the
CM.

D.4.32 Eormation of inclm:-r*rinn lots

An inspection lot may be formed by the aggregation of several production lots, provided that:

a) The production lots are manufactured under essentially the same conditions, without
significant interruption.

b) All the production lots are assembled with the same piece parts.
D.4.3.3 Lot-by-lot tests

Lot-by-lot tests are carried out on each inspection lot.

Generally, lot-by-lot tests cover the visual and dimensional inspections and the principal
characteristics of the cable assemblies.
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D.4.3.4 Periodic tests

Periodic tests are carried out at fixed intervals on samples taken from lots which have already
satisfied the lot-by-lot tests or on CQCs in case of capability approval. The periodicity and the
number of samples are given in DS.

Generally, the periodic tests cover structural characteristics. They are time consuming and
rather expensive.

D.4.3.5 Release or rejection of lots

Unle§s otherwise staied in the relevant specification, the 1ots shall be released or rejeciéd on
the Hasis of the lot-by-lot tests. Normally the failure of the sample submitted to one-gf the
periodic tests shall entail the rejection of the lot from which the sample came.

D.5 | Capability manual and approval

D.5.1 Responsibilities

It is the responsibility of the chief inspector to access the capabijlity manual as well as to
seleqt and define CQCs.

To 4gssure that the manufacturer's organization, processes and products are corfectly
documented in his quality and capability manuals and gffectively implemented in accordance
with the requirements, an audit shall be performed underthe responsibility of the NSI.

The INSI shall verify the following items:

D.5.3

hpability manual,

Llality management;

rganization;

Psign control;

anufacturing inspections;

bntrol of equipment used for inspection, measuring and testing;
bntrol of non-conforming parts, material, products;

hndling, storage-and delivery;

nange control,

aceahility

Contents of the capability manual

D.5.2.1 Object

This section of the capability manual shall give the range of specifications covered by the
capability approval.

D.5.2.2 List of revisions

The validation of an updated capability manual is part of the audit procedure.

Revisions shall be identified by an index and the date. When a revision takes place, a
complete list of all changes shall be made which occurred during the preceding period.
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D.5.2.3 Related documents
The capability manual shall make reference to all mentioned relevant documents.
D.5.2.4 Capability domain, capability limits and their related CQCs
(see Tables D.1, D.2 and D.3.)
This section shall give the identification of the domain in terms of:
a) connectors;
b) cpbles;
c) mnain assembly techniques;
d) other piece parts (sleeves, caps, armours, etc.);
e) tgst facilities.
This [section shall also give a reference list of the capability limits and.the CQCs chosgen to
assess these limits from the primary stage of manufacture to the final- product.
D.5.4.5 Flow chart, including process parameters (see Table’D.4)
This gection shall include:
a) (eneral flow chart(s) giving the full sequence of manufacturing and inspection procegses,
flom the primary stage of manufacture to the delivery and the corresponding CQCs.
b) Working instructions and inspection procedures for all processes contained in the| flow
chart, generally by reference to in-house doecumentation.
¢) How charts for CQCs.
D.5.4.6 Purchased raw materials, and piece parts
This pection shall identify purchasing,specifications for the raw materials and piece parts jused
in th¢ manufacturing processes.
D.5.4.7 Design rules
Unless covered by quality manual, the manufacturer's design rules shall be stated either
directly or by reference-to the manufacturer's internal documents.
D.5.4.8 Register of associated products
This [section=shall give the list of products which are, or can be, delivered under capgbility

apprTvaI generally by reference to an annex.

D.5.3 Criteria for capability limits

The sectional specifications shall preferably give guidance for capability limits, technology,
processes, performances and their related CQCs. The CM may include one or several sub-
families from one or several sectional specifications.
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Table D.1 — Example of capability limits for cable assemblies

Technology Capability domain Capability limits
Cable Flexible (subfamily) Purchased according to IEC 61196-XX or other
o . standards or manufactured according to processes
Semi-rigid (subfamily) described in the CM

Semi-flexible (subfamily)
Super-screened

(subfamily)
Connectors Series SMA, N, BNC, F, Purchased according to IEC 61169-YY, IEC 60339 or
etc. other standards, or manufactured according to

) processes described in the CM
Customer-built

Othel piece parts Sleeves, armour, etc.
Assefnbly techniques Crimping

Soldering, etc.
Mechfanical Test group Mn
Electfical Eb and/or Eh
Envirpnmental Vc and/or Vv

Table D.2 — Example of capability limits for flexible cables

Inner conductor Solid wire (rangéf diameters)
Stranded wire!
Plated wire

Insulation Extrusion, (function of the material)
TapeTapping
Sintering

Outer conductor Braid
Foil plus braid
Tape lapping

Jacket Braid
Extrusion (materials)

Table D.3(—)Example of capability limits for connectors

Slicing

Molding

CNC machining

Electroforming

Electroerosion

Embossing

Plating, etc.

In this case, Tables D.2 and D.3 have been combined with Table D.1 concerning
environmental, mechanical and electrical requirements.
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Table D.4 — Example of flow chart (see D.5.2.5)

IEC 60966-1:2019 © IEC 2019

Operations Limits CcQcC Specifications
Cable manufacture Purchased according Purchasing specification
to IEC 61196-XX NA o ,
Incoming inspection
Connector manufacture Purchased according Purchasing specification
to IEC 61169-YY NA I .
Incoming inspection
Cable preparation Accuracy 2 mm CQC n° 001 Procedure n° 1001
Connector crimping Eonrﬂﬂu*tfriazli diameter CQC n° 002 Procedure n° 1002
Connector soldering For inner cable diameter o Procedure n° 1003
of 0,5 mm to 4 mm €QC n° 003
Test$ Eh, Ez, Mn, Vt 12,5 GHz; —40/125 °C CQC n° 004 Procedure n®y1004

PacKaging

Procedure n° 1005
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CORDONS COAXIAUX ET CORDONS
POUR FREQUENCES RADIOELECTRIQUES -

Partie 1: Spécification générique —
Exigences générales et méthodes d’essai

AVANT-PROPOS

1) Lal] Commission Electrotechnique Internationale (IEC) est une organisation mondiale jde” normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de (""EC). L'IEC @ pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les donpaines
de| I'électricité et de I'électronique. A cet effet, I''EC — entre autres activités "< *publie des Nprmes
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au
puplic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur_élaboration est confiéel|a des
comités d'études, aux travaux desquels tout Comité national intéressé par le-sujet traité peut participer. Les
organisations internationales, gouvernementales et non gouvernementales,cenJliaison avec I'lEC, participent
égplement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation [(ISO),
se|lon des conditions fixées par accord entre les deux organisations.

2) Lep décisions ou accords officiels de I'lEC concernant les questions,techniques représentent, dans la nesure
du| possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux dg I'lEC
interessés sont représentés dans chaque comité d’études.

3) Lep Publications de I'lEC se présentent sous la forme de fecommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les{efforts raisonnables sont entrepris afin qug I'lEC
s'dssure de I'exactitude du contenu technique de ses puhlications; I'lEC ne peut pas étre tenue responsaple de
I'éyentuelle mauvaise utilisation ou interprétation qui e, est faite par un quelconque utilisateur final.

4) D4gns le but d'encourager l'uniformité internationaleydes Comités nationaux de I'lEC s'engagent, dans tdute la
mesure possible, a appliquer de fagon transparente*les Publications de I'lEC dans leurs publications natipnales
et|régionales. Toutes divergences entre toutes Publications de I''EC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
foyrnissent des services d'évaluationde conformité et, dans certains secteurs, acceédent aux marques de
copformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certification
ingépendants.

6) Tolus les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|

7) Adcune responsabilité neNdoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliairgs ou
mandataires, y compriS™\ses experts particuliers et les membres de ses comités d'études et des Comités
nafionaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout| autre
dommage de quelgue-hature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris lep frais
de| justice) et leStdépenses découlant de la publication ou de l'utilisation de cette Publication de I'lEC [ou de
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

8) L'dttention ‘est’ attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.

9) L'gttedtion est attirée sur le fait que certains des éléments de la présente publication de I'lEC peuvenf faire

I'objet-dedroits—de brevet L '1EC ne saurait 6tre tenue nour responsable de ne pnas avoiridentifié de telsldroits
T g Ld g

de brevets et de ne pas avoir signalé leur existence

La Norme internationale IEC 60966-1 a été établie par le comité d’études 46 de I'lEC: Cables,
fils, guides d'ondes, connecteurs, composants passifs pour micro-onde et accessoires.

Cette troisieme édition annule et remplace la deuxieme édition parue en 1999. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) L'Annexe C (informative) Méthode de mesure de I'efficacité d’écran a été retirée;
b) Le paragraphe 8.9 donne les références aux procédures d'essai applicables.
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Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
46/700A/FDIS 46/704/RVD

2019

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a l'approbation de cette Norme internationale.

Ce document a été rédigé selon les Directives ISO/IEC, Partie 2.

Une
coax
I'NEC

Le ¢

iste de toutes les parties de la série IEC 60966, publiées sous le titre général Cor
aux et cordons pour fréquences radioélectriques, peut étre consultée sur sjte,we

bmité a décidé que le contenu de ce document ne sera pas modifiécavant la daf

dons
b de

e de

stabi|ité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch"ndans les données
relatives a la publication recherchée. A cette date, le document sera

e regconduit,

e slipprimé,

e rg¢mplacé par une édition révisée, ou

e amendé.

IMPORTANT - Le logo "colour inside" qui se trouve sur la page de couverture de cgtte
publ|cation indique qu'elle contient des.eouleurs qui sont considérées comme utilg¢s a

une
impr

pbonne compréhension de son contenu. Les utilisateurs devraient, par conséqu
mer cette publication en utilisanp,ine imprimante couleur.

ent,
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CORDONS COAXIAUX ET CORDONS
POUR FREQUENCES RADIOELECTRIQUES -

Partie 1: Spécification générique —
Exigences générales et méthodes d’essai

1 Domaine d'application

La p
cordg
(TEM
les [
fréqu
supp
spéc

La ¢

diffélentes parties applicables de I'lEC 61196 et de I'lEC 61169, respectivement.

NOTE|
cableq
respe

NOTE
décrit
aux es
NOTE
décrit

2 H

Les dlocuments suivants cités,dans le texte constituent, pour tout ou partie de leur con

des
s’apq
s'apd

IEC ¢

IEC ¢
(sinu

ésente partie de I'lEC 60966 définit les exigences relatives aux cordons coaxiaux €
ns pour fréquences radioélectriques travaillant en mode électromagnétique, transy
. Transverse Electromagnetic Mode). Elle fixe des exigences générales lpour con
ropriétés électriques, mécaniques et environnementales des cordons..coaxiaux
ences radioélectriqgues composés de cables et de connecteurns..”Des exige
émentaires relatives a des familles spécifiques de cordons./figurent dans
fications intermédiaires applicables.

pnception des cables et des connecteurs utilisés sera de-préférence conforme

1 Le présent document ne comprend pas les essais qui sont ‘normalement effectués séparément s
et les connecteurs. Ces essais sont décrits dans I'lEC-61196-1 (toutes les parties) et I''EC 61
tivement.

2 Dans la mesure du possible, les cables et connecteurs utilisés dans les cordons, méme s’ils ne so
dans la série IEC 61196 ou dans la série IEC 61%69, sont soumis aux essais séparément conform
sais indiqués dans la spécification générique applicable.

3 Lorsqu’un cordon possede une protection supplémentaire, les essais mécaniques et d’environn
dans le présent document sont applicahles.

Références normatives

exigences du présent document. Pour les références datées, seule I'édition
ligue. Pour les réferences non datées, la derniére édition du document de référ
ligue (y compris'les éventuels amendements).

0068 (toutes'les parties), Essais d’environnement

0068=2-6, Essais d’environnement — Partie 2-6: Essais — Essai Fc: Vibra
soidales)

t aux
ersal
roler
pour
nces

les

aux

ur les
169-1,

ht pas
Ement

ement

fenu,

citée
ence

tions

IEC 60068-2-11, Essais fondamentaux climatiques et de robustesse mécanique — Partie 2-11:

Essa

is — Essai Ka: Brouillard salin

IEC 60068-2-14, Essais d’environnement — Partie 2-14: Essais — Essai N: Variation de

temp

érature

IEC 60068-2-27, Essais d’environnement — Partie 2-27: Essais — Essai Ea et guide: Chocs

IEC 60068-2-42, Essais d'environnement — Partie 2-42: Essais — Essai Kc: Essai a I'anhydride
sulfureux pour contacts et connexions

IEC 60068-2-68, Essais d’environnement — Partie 2-68: Essais — Essai L: Poussiére et sable
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IEC 60068-2-78, Essais d’environnement — Partie 2-78: Essais — Essai Cab: chaleur humide,
essai continu

IEC 60332-1-2:2004, Essais des cables électriques et a fibres optiques soumis au feu —
Partie 1-2: Essai de propagation verticale de la flamme sur conducteur ou cable isolé —
Procédure pour flamme a prémélange de 1 kW

IEC 60512-6-2, Connecteurs pour équipements électroniques — Essais et mesures

Partie 6-2: Essais de contraintes dynamiques — Essai 6b: Secousses

IEC §

IEC ¢
radio|

IEC ¢
radio|

IEC ¢
radio|

IEC ¢

IEC 6
géné

IEC ¢

IEC ¢
powsq

IEC §
Parti

IEC ¢

ie 7-2: Essais d'impact (fiches) — Essai 7b: Résistance mécanique aux chocs

0529, Degrés de protection procurés par les enveloppes (Code IP)

0966-2 (toutes les parties), Cordons coaxiaux et cordons_ -.pour fréque
Electriques

0966-3 (toutes les parties), Cordons coaxiaux et cordons pour fréqus
Electriques

0966-4 (toutes les parties), Cordons coaxiaux, ‘et cordons pour fréquse
Electriques

1169 (toutes les parties), Connecteurs pour fréquences radioélectriques

1169-1:2013, Connecteurs pour fréquences radioélectriques — Partie 1: Spécific
Fique — Prescriptions générales et méthodes de mesure

1196 (toutes les parties), Cables:coaxiaux de communication

1196-1-119, Coaxial communication cables — Part 1-119: Electrical test methods
r rating (disponible en anglais seulement)

2037-2, DispositifssRF et a micro-ones passifs, mesure du niveau d'intermodulat
b 2: Mesure de l'intermodulation passive dans les cordons coaxiaux

2153-4-6, Metallic cables and other passive components test methods — Part

nces

nces

nces

ation

RF

on —

4-6:

Electromagnetic-compatibility (EMC) — Surface transfer impedance — Line injection method

(disp

IEC ¢

pnible en_anglais seulement)

étalligues de communication — Par

hianatihilit s Alantramann At (RN MAL

ie 4-

2453-4-7:2015, Méthodes d'essai des cables
h

oda d'accal naviy maciivar IHiman AN A
\"A™ ]

e de

7: Compatibiité—électromaghétigue(CEM)— Mét

T T O CooTr pUoTT e ourcT— it uartc

transfert Z; et l'affaiblissement d'écrantage ag ou l'affaiblissement de couplage a. des
connecteurs et des cordons jusqu'a 3 GHz et au-dessus — Méthode triaxiale en tubes
concentrigues

3 Termes et définitions

Pour

les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/


http://www.electropedia.org/
https://iecnorm.com/api/?name=aca63f903a385e753e0063c084ecee4e

IEC 60966-1:2019 © IEC 2019 - 63 -

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1

cordon

association de cable(s) et connecteur(s), avec ou sans protection supplémentaire et
présentant des performances spécifiées, utilisée comme un ensemble

3.2
cordon souple
cordon dont le cable peut supporter des flexions répétées

Note 1 a l'article: Le cable comporte généralement un conducteur extérieur tressé.

3.3
cordpn semi-flexible
cordgn non destiné a des applications nécessitant des flexions répétées du cable en sejvice,
mais|supportant des courbures ou déformations afin de faciliter I'installation

3.4
cordpn semi-rigide
cordgn non destiné a subir des courbures ou flexions aprés sa fabfication

Note 1 & l'article: Toute courbure ou flexion durant I'installation ou I'utilisation peut dégrader les performanges du
cordof.

3.5
pertg d’insertion
pertgs produites par l'insertion d’'un cordon dans uh, systéme

Note 1 a l'article: Dans la présente norme, c’est le rapport, exprimé en décibels, entre la puissance (P1) dglivrée
a une|charge raccordée directement & une source etla-puissance (P2) délivrée a une charge lorsque le cordpn est
inséré| entre la source et la charge.

Insertion loss = 10 x Iog(PlJ
P>

3.6
factdqur de réflexion
rapport entre la valeur_complexe de I'amplitude de I'onde réfléchie et la valeur complexe de
I'amplitude de l'ande incidente au bout d'une ligne de transmission ou sur une se€ction
transjversale de-Cette ligne

3.7
longlieur.€lectrique
longueuréquivalente en espace libre d’'un cordon

3.8
différence de longueur électrique
différence entre les longueurs électriques de cordons

3.9

différence de phase

différence de phase entre une onde électromagnétique transverse (TEM) qui a traversé le
cordon et une onde identique qui a traversé un autre cordon

3.10

temps de propagation

temps nécessaire a la propagation d'une onde électromagnétique transverse (TEM) entre les
plans de référence des deux connecteurs
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3.11
rayon de courbure statique minimal
rayon utilisé dans les essais climatiques

Note 1 a l'article: C’est le rayon minimal admissible pour les installations fixes du cable.

3.12

rayon de courbure dynamique

rayon utilisé pour les essais de stabilité des pertes d’insertion, les essais de stabilité de la
longueur électrique et les essais d’endurance a la flexion

Note d IdlLiLIe. Cest e Tayorll Illillillldl ae couroure pour 1es dppIiLdLiUIIb dalls Tesquelies 1es COraonsg sont
soumip a des flexions. Des rayons de courbure plus grands permettent d’augmenter le nombre maxinal de
flexions.

3.13
impégdance de transfert
rapprt entre la tension induite a I'intérieur du cordon et le courant induitla I'extériedr du
cordgn

Note 1 a l'article: En pratique, il est relevé entre des points définis par des_connecteurs accouplés aux
connefteurs du cordon

3.14
affaiplissement d’écran
rapp¢rt entre la puissance du signal a l'intérieur du cofdon et la puissance totale qui est
rayomnée a I'extérieur du cordon

3.15
puissance assignée
puisqance a I'entrée qui peut étre accepté€ en continu par le cordon chargé sur| son
impépance caractéristique

Note 1 a l'article: Dans la pratique, la puissance maximale qui peut étre acceptée dépend de l'affaiblissemgnt de
réflexijon.

Note 3 a l'article: La puissance assignéee dépend des détails de montage, de la température ambiante,|[de la
pressipn et de la circulation d'air. Elle.est normalement spécifiée a une température ambiante de 40 °C.

3.16
vieillissement artificiel
procegssus utilisé paur,,améliorer la stabilité de I'affaiblissement par déphasage et la dilatfation
avec|la températutre

Note 1 a l'article; ) Ce processus consiste normalement a soumettre I’ensemble du cordon a un certain nombre de
cycleq de temperature. Sauf indication contraire dans la spécification particuliere applicable, soumettre I'ensemble
du corldon a_un vieillissement artificiel est facultatif et est laissé a la discrétion du fournisseur.

4 Exigences de conception et de fabrication

4.1 Conception et construction des céables

Il convient que les cables conformes a des spécifications intermédiaires ou particulieres de
I''EC 61196 soient spécifiés chaque fois que cela est possible. Lorsque des céables dont la
conception s’écarte de celle de spécifications intermédiaires ou particulieres de I'lEC 61196
sont exigés, ces céables doivent étre conformes aux exigences de la spécification
intermédiaire ou particuliere applicable du fabricant.

Conformément aux réglementations locales, les matieres premiéres constituant le cable ainsi
que celles servant a la protection supplémentaire doivent étre choisies pour satisfaire aux
directives et réglementations régionales ou nationales telles que RoHS et REACH en Europe.
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4.2 Conception et construction des connecteurs

Les types de connecteurs conformes a la partie applicable de I''EC 61169 doivent étre
spécifiés chaque fois que cela est possible, mais lorsqu’un connecteur de conception spéciale
est exigé, l'interface doit étre conforme a la partie applicable de I'lEC 61169, le cas échéant,
et la construction du connecteur doit satisfaire aux exigences de la spécification particuliere
applicable.

Conformément aux réglementations locales, les matiéres premiéres constituant le connecteur
ainsi que celles servant a la protection supplémentaire doivent étre choisies pour satisfaire au
RoHS et a d'autres réglementations environnementales telles que le REACH en Europe.

4.3 Dimensions d'encombrement et dimensions de I’'interface

Les |dimensions d'encombrement doivent étre conformes a la spécification)yparticyliere
applicable relative au cordon.

Les dimensions de l'interface doivent étre conformes a la spécification particuliére applicable.

5 Qualité d'exécution, marquage et emballage

5.1 | Qualité d'exécution

Le cardon ne doit pas avoir de défaut visible et doit étre’propre et en bon état.

5.2 | Marquage

Le marquage doit étre lisible et conforme & ‘celui qui est indiqué dans la spécification
parti¢uliére applicable. Il doit permettre d’identifier le fabricant du cordon.

5.3 | Protections d'extrémités
Sauf|indication contraire dans la spécification particuliere applicable, les connecteurs ddivent
étre [munis de protections d'extrémités jetables faites d'un matériau approprié polr le

transjport et le stockage, afipn-'de protéger au moins chaque interface des détériorations pt de
la poussiére.

5.4 | Emballage et-étiquetage

Sauf|indication ecentraire, I'emballage et I'étiquetage doivent étre conformes a la spécificiation
parti¢uliere applicable.

6 Gestion de la qualité

L'Annexe D fournit un guide relatif a la gestion de la qualité couvrant I'agrément de savoir-
faire ainsi que I'homologation.

7 Meéthodes d’essai — Généralités

7.1 Conditions atmosphériques normalisées pour les essais

Il est nécessaire de contrdler les conditions atmosphériques normalisées dans une certaine
plage pour garantir une bonne corrélation des données obtenues a partir des mesurages et
des essais réalisés dans différentes installations. Sauf spécification contraire, effectuer les
mesurages et les essais dans les conditions atmosphériques suivantes. Dans certains cas,
des conditions ambiantes spéciales peuvent étre nécessaires et indiquées dans la
spécification particuliére.
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Le Tableau 1 donne la plage normalisée de conditions atmosphériques pour effectuer des
mesurages et des essais.

Tableau 1 — Plage normalisée de conditions atmosphériques

Conditions Valeur normalisée
Température 23°C+5°C
Humidité relative (45 + 25) %
Pression atmosphérique (limites inclusives) Pression atmosphérique
ambiante du site

Main
pend

Lors(
norm

rapp¢rt d’essai.

d) il
L’'exs
7.3

7.3.1

Les dimensions de l'interface doivent étre soumises a des essais pour vérifier qu'elles

confg

Lorsg
I'EC
carag
exent
carag

enir les variations de température ambiante et d'humidité a leurs valeurs\qminin
ANt une série de mesurages.

u'il est impossible d’'effectuer les essais dans les conditions .”“atmosphér
alisées, une note a cet effet décrivant les conditions réelles d’essai/doit étre ajoutd

Examen visuel
écimen doit étre examiné visuellement afin de s’assurer‘que:

Btat, la qualité d'exécution et la finition sont satisfaisants;
marquage est conforme a 5.2 du présent document;

n'y a pas de détérioration mécanique ni deymouvement ou déplacement non vou
eces;

n'y a pas de corrosion ni d’écaillage stirles matériaux ou les surfaces.

men peut généralement étre effectéé en utilisant un grossissement jusqu’a x 3.

Controle des dimensions

Dimensions d'intefface

rmes a la spécification particuliére applicable en utilisant le matériel d’essai appropf

ue des connecteurs conformes a des spécifications intermédiaires et particuliérg
61169 sant utilisés, le contréle des dimensions de linterface peut étre limité
téristigues qui sont susceptibles de varier a la suite d'un mauvais assemblage
ple(les dimensions axiales du plan de référence par rapport au diélectrique ef

nales

ques
e au

u de

sont
ie.

s de
aux
par
aux

teristiques des contacts intérieurs.

Lorsque d'autres connecteurs sont utilisés ou lorsque des exigences spéciales existent, les

détai

7.3.2

Is doivent étre donnés dans la spécification particuliére applicable.

Dimensions d’encombrement

Les dimensions d'encombrement doivent étre mesurées conformément aux croquis de
I''EC 60966-2 (toutes les parties), de I'lEC 60966-3 (toutes les parties) ou de I'lEC 60966-4
(toutes les parties) selon le cas.

Toutes les exigences spéciales pour le mesurage des dimensions d'encombrement d'un
cordon doivent étre données dans la spécification particuliere applicable.
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8 Essais électriques

8.1

8.1.1

Propriétés de réflexion

Objet

Déterminer la quantité de signal réfléchie vers la source du signal par le cordon en essai dans
un systéme adapté. Le comportement de la réflexion est de préférence exprimé en termes

"d'aff

8.1.2

aiblissement de réflexion en dB".

Matériel d’essai

un arlzalyseur de réseau vectoriel (VNA: Vector Network Analyzer) capable de mesurg
paramétres S a l'aide d'étalons (circuit ouvert, court-circuit, charge) qui {erme

carag
hype

L'affd
résed

Une
le m4

Des
doived
direc

8.1.3

Pour
acco

Par 6

tériser les performances RF de dispositifs aux fréquences radioélectriques (R
rfréquences en termes de parameétres de diffusion de réseau, ou parameétres S.

liblissement de réflexion des cordons en essai doit étre mesuré avec l'analysel
u vectoriel (VNA) sur la plage de fréquences considérée spécifiée:

Hescription détaillée de la procédure de correction d'erreur (étalonnage) est donnée
inuel de 'analyseur de réseau vectoriel.

raccords d'essai (ou fils d'essai) de précision avec_de faibles réflexions intrins¢
nt étre montés aux deux extrémités du cordon eniessai pour permettre une conn
te & I'analyseur de réseau vectoriel et a la charge de sortie.

Procédure

mesurer les caractéristiques de réflexion de cordons, une attention particuliére doi
dée aux éléments suivants:

Brifier que la vitesse de balayage est suffisamment faible pour que le signal réfléchi
I centre du filtre-IF du systéme de réception. Plus le cable est long, plus une vitess
hlayage réduite doit étre choisie;

s cordons peuvent comporter des transitoires d'affaiblissement de réflexion étroits.
cas de systemestd'analyse de réseau continus, la vitesse de balayage doit
Iffisamment faibleet, pour les systémes d’analyse de réseau numériques, le nomb

affaiblissemént de réflexion.

xemple( pour les systémes numériques, il convient que le nombre de points soit:

n > 3(f, — f;) L / (120)

r les
t de
F) et

r de

dans

ques
BXion

étre

reste
e de

Dans
étre
e de

bints de mesurage doit étre suffisamment élevé pour résoudre d’éventuels transitoires

ou

n est le nombre de points d'échantillonnage dans la plage de fréquences f; a f, formant la
courbe de réponse;

f; estla plus basse fréquence de la plage, en MHz;

f, estla plus haute fréquence de la plage, en MHz;

L estlalongueur physique du spécimen d’essai, en m.

Si ces criteres ne sont pas respectés, la distance entre les points d’échantillonnage de

fréqu

ence peut étre trop importante, et provoquer des défauts de mesurage importants.

L'affaiblissement de réflexion des cordons n'est pas nécessairement symétrigue des deux
cotés, et des mesurages peuvent étre exigés des deux c6tés. Sauf indication contraire dans


https://iecnorm.com/api/?name=aca63f903a385e753e0063c084ecee4e

- 68 — IEC 60966-1:2019 © IEC 2019

la spécification particuliere applicable, le cas le plus défavorable doit étre conforme a la
spécification.

Le systéme doit étre étalonné avec les types de connecteurs appropriés. S’ils ne sont pas
disponibles, des raccords doivent étre utilisés. Les raccords détériorent l'affaiblissement de
réflexion mesuré, mais le résultat ne doit pas étre corrigé pour les raccords. L'affaiblissement
de réflexion combiné, raccords compris, doit étre conforme a la spécification.

D’autres techniques pour mesurer les caractéristiques de réflexion d’'un cordon peuvent étre
utilisées, apres accord avec le client.

8.1.4 Exigences
Les |valeurs de I'affaiblissement de réflexion mesurées doivent respecter.les limites
spéclfiées.

8.1.5 Informations devant figurer dans la spécification particuliére

a) affaiblissement de réflexion minimal, en fonction de la fréquence, le-¢as échéant;
b) plage de fréquences;

c) rg¢solution de fréquence exigée;

MesUrages a effectuer a partir d’'une extrémité ou des deuxsextrémités.

8.2 | Uniformité d’'impédance
8.2.1 Objet

Détefminer la variation de I'impédance caractéristique locale du cordon.

8.2.2 Procédure

Le mesurage est effectué en utilisant un réflectométre dans le domaine temporel (TDR: [Time
Domain Reflectometer) avec un.échelon d'entrée appliqué au cordon a travers une ligne|a air
agisdant comme une impédance de référence (voir I'lEC 61196-1-112 et I'|EC 61169-1:2013,
9.2.1}2.2). La variation de I'impedance le long du cordon doit étre observée.

En variante, un systeme: utilisant la conversion du domaine fréquentiel en domaine temporel
peut [etre utilisé.

8.2.3 Exigences

Confprmes acelles indiquées dans la spécification particuliére applicable.

nw O”
o o
o D

b) limite
8.3 Pertes d’insertion
8.3.1 Procédure

Les pertes d'insertion doivent étre contrélées conformément a I’Annexe A.

8.3.2 Exigences

Les pertes d’insertion ne doivent pas dépasser les limites spécifiées a toutes les fréquences
contenues dans la bande de fréquences indiquée dans la spécification particuliere applicable.
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8.3.3 Informations devant figurer dans la spécification particuliére

a) pertes d’insertion maximales, le cas échéant, en fonction de la fréquence;

b) plage de fréquences.

8.4

Stabilité des pertes d’insertion

8.4.1 Objet

Déterminer les variations de I'affaiblissement a une fréquence donnée lorsque le cordon est
soumis a une courbure dynamique.

8.4.2 Procédure

Pendant le mesurage des pertes d’insertion, effectuée conformément a 8.3, le<cablq

enro

de tolurs indiqué dans la spécification particuliére applicable.

8.4.3 Exigences

Pend
parti

8.4.4 Informations devant figurer dans la spécification ‘particuliére
a) rayon de courbure dynamique du cable (rayon du mandrin);

b)

c)
d) v

= >

8.5

8.5.1 Procédure

Le temps de propagation est controté conformément a ’Annexe B.

8.5.2 Exigences

Le tgmps de propagation ne doit pas dépasser les limites indiquées dans la spécific

parti

8.5.3 Informations devant figurer dans la spécification particuliére

a) b
d

b) tgmps de propagation et tolérance.

8.6

rnéguences d’'essai;

& sur un mandrin de rayon égal au rayon de courbure dynamique et suivant le no

ant et apres I'essai, la variation spécifiée des pertes d’insertion indiquée dans la spécific
uliére applicable ne doit pas étre dépassée.

bmbre de tours et partie du cordon sur le mandrip,

hriation maximale de pertes d’insertion.

Temps de propagation

uliere applicabfte;

ande defréquences dans laquelle le mesurage est effectué (voir I'Article B.1) ou t
e montée du systéme (voir I'Article B.2);

b est
mbre

ation

ation

EMmps

Stabilité de la longueur électrique

8.6.1  Objet

Déterminer la variation de phase provoquée par la variation de la longueur électrique lorsque

le co

rdon est soumis a une courbure ou a une torsion.

8.6.2 Procédures

8.6.2.1 Courbure

Méth

ode 1
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Un cordon en forme de U doit étre raccordé a un analyseur de réseau approprié
conformément a 8.1.2 (voir Figure 1). Durant I'enregistrement de la phase du signal
d’émission, le cable est enroulé autour du mandrin sur 180° (voir Figure 1), déroulé jusqu’a la
position de départ, enroulé dans le sens antihoraire sur 180° autour du mandrin (voir
Figure 1), puis déroulé a nouveau jusqu’a la position initiale. La position initiale du mandrin
doit étre choisie de maniere que seules les parties droites du U soient courbées durant

I'essai.
Dispositif en essai =
. Dispositif en essai
Q Dispositif en essai =
IEC
Figure 1 — Essai de courbure;~cordon en forme de U
Méthpde 2

Un cprdon de forme droite doit se terminer par un court-circuit a une extrémité et doit| étre
raccqrdé a un analyseur de réseau approprié, conformément a 8.1.2, a l'autre extrémité.
Durapt I'enregistrement de la phase du signal réfléchi, le cable est d’abord enroulé dans le
sens| horaire autour du mandfim’ sur un demi-tour, relaché jusqu’'a la position de ddpart,
enrolilé dans le sens antihofaire autour du mandrin, puis relaché a nouveau pour regagngr sa
positlon de départ. Voir Eigure 2.
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Court-circuit VNA

Dispositif en essai

8.6.2,

un
confd
d’ém
(voir
antih

départ.

En fd
des d

Dispositif en essai VNA
O Court-circuit
Dispositif en essai Court-circuit

‘ VNA

IEC

Figure 2 — Essai de courbure: corden droit

2 Torsion

ordon en forme de U doit étre raccordé ‘a un analyseur de réseau appr|
rmément a 8.1.2 (voir Figure 3a). Duranht I'enregistrement de la phase du §
ssion, le mandrin au milieu du céble est, d’abord tordu dans le sens horaire sur
Figure 3b), puis relaché pour regagner la position de départ, tordu dans le
praire sur 180° (voir Figure 3c), puis' relaché a nouveau pour regagner sa positig

nction de la rigidité en torsion“et du couple maximal admissible au niveau de l'inte
onnecteurs de cable, I'angle de torsion maximal peut devoir étre restreint.

pprié
ignal
180°
sens
n de

rface
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Dispositif en essai 1

i

a) Position de départ

Dispositif en essai ! 1

IEC

IEC

b) Torsion dans le sens horaire

Dispositif en essai hj

IEC

c) Torsion dans le sens antihoraire

Figure 3 — Essai de torsion::cordon en forme de U

8.6.3 Exigences

La djfférence de phase ne doit pas dépasser les limites indiquées dans la spécificlation
parti¢uliere applicable.

8.6.4 Informations devant figurer dans la spécification particuliere
a) rayon du mandrin (généralement le rayon de courbure dynamique du cable);
b) fréquence d’essai;

c) variation maximale-de phase.
8.7 | Différencedephase
8.7.1] Objet

MesUrer (adifférence de phase entre deux cordons ou plus.

8.7.2 Procédure

Les mesurages doivent étre effectués en utilisant un analyseur de réseau approprié de
résolution conforme a 8.1.2. En variante, une ligne a fente peut étre utilisée lorsque les
exigences relatives a la fréquence et a la précision le permettent.

8.7.3 Exigences

La différence de phase ne doit pas dépasser les limites indiquées dans la spécification
particuliere applicable.

8.7.4 Informations devant figurer dans la spécification particuliére
a) différence de phase maximale ou différence de phase nominale avec les tolérances;
b) fréquence.
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8.8
8.8.1

Variation de la phase avec la température

Objet

Déterminer les variations de phase dues a la variation de la longueur électrique lorsque le
cordon est soumis a des variations de température dans sa plage de températures de
fonctionnement.

Si cela est indiqué dans la spécification particuliére applicable, cet essai peut étre effectué
sur un spécimen de cordon plutét que sur un cordon fini. Le spécimen de cordon doit étre
identique au cordon fini excepté pour la longueur et la forme.

8.8.2

Les
confd
temp

Procédure

mesurages doivent étre effectués en utilisant un analyseur de réseau ‘appr
rmément a 8.1.2, avec le cordon, y compris ses connecteurs, dans une eneéinte dq
Erature est contrélée. Les détails concernant chaque support de céble doivent

donngs dans la spécification particuliere applicable.

Lors(
plusi
statid

Six (
utilis

8.8.3

Pend
spéc
8.8.4]
a) p
b) fr
c)
d) v
e) ¢

3

8.9
8.9.1

L'img

ue les essais sont effectués sur un spécimen de cordon, le-cable doit former un
burs boucles sans support, d'un diamétre égal a au moins dix fois le rayon de cou
ue minimal.

ycles de température doivent étre utilisés. En variante, une ligne a fente peut
be lorsque les exigences relatives a la fréquence et.a la précision le permettent.

Exigences

ant I'essai, la variation de phase ne deit pas dépasser les limites indiquées da
fication particuliére applicable.

Informations devant figurerdans la spécification particuliére
age de températures et cycle.de température en fonction du temps;
gquence de mesurage;
éthode de présentation.des résultats, par exemple A@/°C;
hriation de phase admissible;
bnfiguration du,spécimen de cordon de remplacement, s'il est autorisé.

Efficacitétdiécran
Impédance de transfert

édance de transfert doit étre soumise a essai.

pprié
nt la
étre

e ou
bure

étre

ns la

Les essais applicables pour I'impédance de transfert sont présentés dans I'lEC 62153-4-6 ou

I'"EC

62153-4-7.

La spécification particuliere applicable doit indiquer I'essai applicable, la plage de fréquences
et la valeur minimale d'impédance de transfert.

8.9.2

Affaiblissement d’écran

L’affaiblissement d'écran doit étre soumis a essai conformément a I'lEC 62153-4-7.

La spécification particuliere applicable doit indiquer la plage de fréquences et la valeur
minimale d'affaiblissement d'écran.
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8.10 Tenue en tension
8.10.1 Procédure

Chaque cordon doit pouvoir supporter la tension indiquée dans la spécification particuliere
applicable sans claquage ni contournement. La valeur minimale de la tension d’essai, déduite
de la tension assignée de service U du cordon et de la tension d'essai E (toutes deux
exprimées en tension continue ou en valeur de créte de la tension alternative), est donnée
par:

E = 3 U pour les cordons ayant une tension assignée de service allant jusqu’a 1 kV compris,

ou

E = 1,5 U avec un minimum de 3 kV pour les cordons ayant une tension assignée de service
supéfieure a 1 kV.

La vpleur de créte de la tension alternative indiquée dans la spégification particuliére

applicable, & une fréquence comprise entre 40 Hz et 60 Hz, doit-éfre appliguée entre le
condpcteur intérieur et le conducteur extérieur du cordon en utilisafitun connecteur accuplé
comme interface.

En variante, une tension continue égale a la valeur de créte.de’la tension alternative peut étre
appliguée.

La tgnsion doit étre appliguée pendant 1 min, saufndication contraire dans la spécificlation
partiguliere applicable.

8.102 Exigences
Il ne doit pas se produire de claquage .nide contournement.
8.108 Informations devant figuter dans la spécification particuliére

a) tension d’essai;

b) tqutes les exigences spéeciales.
8.11| Résistance d'iselement
8.11[1 Procédutre

La régsistance~d'isolement doit étre mesurée entre le conducteur intérieur et le condufteur
extérfjeur duxcordon sous une tension continue de 500 V + 50 V ou sous la tension assignée
du cqrdoh si elle est inférieure.

La résistance d’isolement doit étre mesurée aprés un temps de stabilisation de 60 s + 5 s,
sauf indication contraire dans la spécification particuliére applicable.

8.11.2 Exigences

La valeur de la résistance d’'isolement ne doit pas étre inférieure a la valeur indiquée dans la
spécification particuliéere.

8.11.3 Informations devant figurer dans la spécification particuliére
a) tension d’essai;

b) temps de stabilisation;

c) valeur de résistance
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8.12 Continuité des conducteurs intérieur et extérieur
8.12.1 Objet

Vérifier la continuité du conducteur intérieur et du conducteur extérieur en courant continu et
a basse fréquence.

8.12.2 Procédure

Toute méthode appropriée peut étre utilisée.

8.12 3 EXIgences

Il ne|doit pas y avoir de discontinuité indésirable du conducteur intérieur ou du condugteur
extérjeur en courant continu ou a basse fréquence.

8.124 Informations devant figurer dans la spécification particuliere
a) tension d’essai;

b) ceurant d'essai;

c) fréquence.

8.13| Puissance assignée
8.13JL Objet

La puissance assignée d'un cordon est définie comme la puissance d'entrée pour toutes
fréguences, températures et pressions spécifiées, pouvant étre supportée en continu lofjsque
le cofdon est terminé sur une charge correspondant a I'impédance caractéristique.

La limite peut étre la tension maximale,de fonctionnement admissible ou la tempérpture
maximale du conducteur intérieur du cable ou du connecteur.

L'esdai de tenue en puissance se divise ainsi en deux catégories:

a) teénue en puissance continue;

b) tdnue en puissance de créte ou pulsée.
8.13)2 Procédure

L'esdai doit étre._réalisé conformément a I'lEC 61196-1-119 en relevant toute indicatign de
formation d’'un<a¥c et de déplacement mécanique du joint de brasure ou mécanique.

8.133 EXxigences

Il n doit nppnrn?frn aucun Qignn de r‘lnnllmgn di—3a une surchauffe  un arc ol un
contournement tout au long de I'application de la puissance spécifiée en relation avec les
conditions d’environnement indiquées dans la spécification particuliere applicable. Aprés
I'essai, le cordon ne doit laisser apparaitre aucune détérioration visible et les exigences
électriques doivent étre satisfaites.

Il convient que la température assignée des matériaux des composants ne soit pas dépassée.

8.13.4 Informations devant figurer dans la spécification particuliere
a) température;
b) pression;

c) humidité relative.

Essai de puissance créte
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