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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RADIO-FREQUENCY CONNECTORS

Part 1: Generic specification - General requirements
and measuring methods

FOREWORD

1) The formal decisions or agreements of the |IEC on technical matters, prepared by on
which all the National Committees having a special interest therein are repr as
possible, an international consensus of opinion on the subjects dealt with.

2) They have the form of recommendations for international use and’ the ional
Committtees in that sense.

3) In ordgr to promote international unification, the IEC exprgsse Wi 12 ational Committees
should|adopt the text of the IEC recommendation for their nationa) ryles in.3Q asfiational conditions will
permit| Any divergence between the IEC recg i ing national rules should, as
far as possible, be clearly indicated in the Ia

4) The IELC has not laid down any procedure goncerning\m3 as an indication of approval and has no
responpsibility when an item of equipment is ¢ 3 one of its recommendations.

This stapdard has beeR 5, of

IEC Technical Commitiee ho bries

for communicati j

The tex{ of this st 9-1,

169-1-1,/169-1-3Kpl

Siy nt'm'\Rul\e\\ M on Voting Two Months’ Procedure Report on Voting
4 46D(CO)129 46D(CO)140 46D(CO)152
) 46D(CO)132
4 46D(CO)151A 46D(CO)183 46D(C0)202
46D(CO)136 46D(CO)155
Rn(l‘ﬁ>1dﬁ Aan(hn>159
46D(C0O)147 46D(C0O)170
46D(C0)158 46D(C0)187

Full information on the voting for the approval of this standard can be found in the Voting

Reports indicated in the above table.

The QC number that appears on the front cover of this publication is the specification

number in the IEC Quality assessment system for electronic components (IECQ).
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RADIO-FREQUENCY CONNECTORS

Part 1: Generic specification — General requirements
and measuring methods

1 Scope

This standard relates to connectors for r.f. transmission lines for use in telecommuni-

cations, electronic and similar equipment.

2 Objdct

standards which apply to individual connector types. It i
conceptg and procedures concerning:
- tefminology;
- stpndard ratings and characteristics;
— tepting and measuring procedures conce

— classification of connectors wit
volvirig temperature, humiidi it

The tesff methods and |x
approval testing. The

customer, to ser@

documents-indicated-bele
International Standards.

IEC 27: Letter Symbols to be Used in Electrical Technology.
IEC 50: International Electrotechnical Vocabulary.
IEC 50(151): 1978, Electrical and Magnetic Devices.

IEC 68-1: 1988, Environmental testing — Part 1: General and guidance.

blish uni

ecti

pnal
orm

type
and
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IEC 68-2-1: 1990, Environmental testing — Part 2: Tests — Test A: Cold.

IEC 68-2-2: 1974, Environmental testing — Test B: Dry heat.

IEC 68-2-3: 1969, Environmental testing — Test Ca: Damp heat, steady state.

IEC 68-2-6: 1982, Environmental testing — Test Fc and guidance: Vibration (sinusoidal).

IEC 68-2-11: 1981, Environmental testing — Test Ka: Salt mist.

IEC 68-2-13: 1983, Environmental testing - Test M: Low air pressure.

IE
1E(
1E(
1E{
1E(

IE
(1

IE
CO|

L 68-2-14: 1984, Environmental testing — Test N: Change of temiperature,

C 68-2-17: 1978, Environmental testing — Test Q: Sealing
C 68-2-20: 1979, Environmental testing — Test T: Sofo

C 68-2-27: 1987, Environmental testing — Test’Ea ans

C 68-2-29: 1987, Environmental testing

> 68-2-30: 1980, Environmenta
P + 12 hour cycle).

> 68-2-42: 1980,
nnections.

> 68-2-47..198
icles fo

at, cyclic:

htacts and

and other

he wetting

bnnectors.

1ISO 370: 1975, Toleranced dimensions — Conversion from inches into millimetres and vice
versa.

ISO 1000: 1981, S/ units and recommendations for the use of their multiples and of certain
other units.
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4 Definitions
For the purpose of this standard, the following definitions apply:

4.1 General, parts of connectors
4.1.1 (Electrical) Contact

The state in which individual electrically conductive parts are in such close mechanical
touch as to provide a low resistance path to electrical current in either direction.

4. 1.2 Contact

rresponding\glement to

TT conductive element in a component which mates with
provide an electrical path (to provide electrical contact).

4.1.3 Male contact
Pin contact

A ¢ontact intended to make electrical engage 0
a female (socket) contact.

ce and which will enter

4.1.4 Female contact
Sdcket contact

A [contact intended 1o
a

4.1.5 Hez:;
A ¢contact w S

which will

(o]
<)
<]
g
—~
(0]
3
-
—
<
[o]
-
Q0
3
%)

jc_ conhector terms

4.21V Connector

A component normally attached to a cable or mounted on a piece of apparatus (exciuding
an adaptor) for electrically joining separable parts of a transmission line system.

4.2.2 Connector pair

Two connectors having complementary mating faces and locking means, so as to be
mateable and interlockable.
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4.2.3 Type

Series

Terms characterizing the particular mating faces and locking means of a connector pair
with regard to construction and dimension.

NOTE - The term "series” is sometimes used as an approximate synonym of "type" for designating the
entirety of connector styles with identical mating face and locking means.

42.4 Style

A j as—a—combingtior—ot—connec ors of the
me type. Examples are: free and fixed connectors, both straight\a Y jle, within-
type adaptors straight and right angle.

NOTE - For "adaptor®, see 4.5.1 to 4.5.5: a "within-type adaptor” m 3 >a particular

style of a given type.

425 Variant
A yariation of a style in particular details, such

4P 6 Grade

A jqualification of a connector with
cular with respect to a defined refle

n in parti-

4.2.7 General purpo

A connector ma
still to guarante

ces) so as
NOTE -
frequency.

oferances than those applicable to Grade 2 are normally specified.
is responsible, however, for choosing tighter toleranges where

A precisely made connector of a particular type used to carry out reflection factor measure-
ments on Grade 1 and Grade 2 connectors, contributing only negligible errors to the
measuring result.

NOTE - The standard test connector is often part of an inner-type adaptor which allows connection with a
precision connector forming part of the measuring equipment.
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4.2.10 Precision connector

A connector that has coincident mechanical and electrical reference planes, air dielectric,
and has the property of making connections with a high degree of repeatability without
introducing significant reflections, loss or leakage. It is intended for mounting on air-lines
and instruments. Precision connectors can be of the hermaphroditic type, flange type or of
the pin and socket type as stated in IEC 457-1: Rigid precision coaxial lines and their
associated precision connectors, Part 1: General requirements and measuring methods.

4.2.11 Laboratory precision connector (LPC)

A precision-connectorwithout dielectric suppc

4.2.12 |General precision connector (GPC)

A precisjon connector with self-contained dielectric support capg
supportgd centre conductor of an LPC and standard air-line witf

4.3 Canstructional terms

4.3.1 Male connector

Pin connector

A connegtor containing a male (pin) ce

4.3.2 Female connector

Socket ¢onnector

A conneltor con@n

433
A conn 83 t of the coupling mechanism, i.e. the nut or bay
ring, and which norqQy is a8 B connector.
NOTE{: Dep the particular type, a plug may be a male or female connector.
4.3.4
A conne ntary to the plug

e un-

onet

4.3.5 Hermaphroditic connector

A connector which mates with an identical connector.
NOTE - The coupling (locking) means need not be hermaphroditic.

4.3.6 Free connector

A connector for attachment to a free end of a cable. It is normally a plug.

NOTE - If not specified as fixed, a connector is assumed to be free.
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4.3.7 Fixed connector
A connector with provision for attachment to a mounting surface. It is normally a socket.
4.3.8 Triaxial

A transmission line comprising three concentric conductors having a common axis and
with each conductor insulated from the other two.

4.4 Sealing

4.4.1 Sealed connector

A ponnector employing a seal capable of fulfilling specified ga
tightness requirements.

or liquid-

4.4.2 Barrier seal

A geal preventing the passage of gases, moisture or liguids
bogy shelt of a connector.

within the

4.4.3 Panel seal

A geal preventing the passage o
or pdaptor body shell and the pa

between the fixed [connector

—_

NOTE - The sealing member is often p

4.4 4 Mating face

A seal preventing
pajr of mated co

4.5 He@

pace of a

} 68-2-17:

4.5.2 Fixed adaptor

An adaptor with provision for attachment to a mounting surface.
NOTE - If not specified as fixed, an adaptor is assumed to be free.
4.5.3 Within-type adaptor

An adaptor for use between two or more connectors all of the same type.
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4.5.4 Inter-type adaptor

An adaptor for use between two or more connectors of different types.

455 Standard test adaptor

An inter-type adaptor for test purposes, having a standard test connector at one end and a

precision connector at the other end.

4.5.6 Standard air line

A homogenous air dielectric transmission line having the smallest possible irregularities

in diame =

conductgr and using non-magnetic material with good conductivity.

4.5.7 Reference line

An air line similar to the standard air line but with dielectric s
and with| a design such that the internal reflection factor i
frequendgy range made use of for measurements.

4.5.8 (able simulator

A sectio
a precis
transitio

the con:t
factor and reactive disturhe

The makimum @ i ~ screw-coupling mechanism of a spe
connectgr series for tgstingt ) anical strength of the coupling mechanism.
4.5.10

The maxi R/ minies es0f torque to be applied in normal use to the couplin
screw ty. ) :

45.11 gnd separation torque

The torque” required to overcome friction

achéd in such a way that
as possible the normal state of
icular with regard to refleq

within

ic impedance, in ger

Ctor,
the

eral
the

tion

cific

rin

the

engagement and separation of connectors with rotary type coupling mechanisms before or
after complete engagement. This is intended to check for undue tightness of threads,

burrs on bayonet-cams, freedom of rotation of coupling rings, etc.

4.6 General electrotechnical terms

NOTE - The following terms and definitions are taken from IEC 50(151): International Electrotechnical
Vocabulary (IEV), Chapter 151: Electrical and Magnetic Devices, where they are numbered 151-04-01,
151-04-02 and 151-04-03, respectively. The note added to 3.6.1, nominal value, is for the purpose of this

standard.
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4.6.1 Nominal value

A suitable approximate quantity value used to designate or identify a component, device
or equipment.

NOTE - It follows from the definition that a nominal value is not subject to tolerances.

4.6.2 Limiting value

In a specification, the greatest or smallest admissible value of one of the quantities.

4.6.3 Rated value

A quantity value assigned, generally by a manufacturer, for a specified opexating condition
of B component, device or equipment.

5 | Units, symbols and dimensions

5.1 Units and symbols

Uniits, graphical symbols, letter symbols and
taKen from the following publications:

whenever popsible, be

IEC publications:
27
50
61)7: Graphical symbo
Other publicatio

ISp Stand@ 0Q

and of certain

and recommendations for the use of their multiples

i) @suffici imensional information on the mating faces of general pufpose and
standard test connectors as to ensure intermateability and compliance |with per-

i —Crimpi ies; ; i e with the
dimensions shown in IEC 803;

ii) information on the connector envelope maximum dimensions to enable the user to
accommodate the connectors in his equipment.

The essential purpose of the drawings is to ensure mechanical interchangeability and
adequate electrical performance: they are not, however, intended to restrict details of
construction which do not affect interchangeability or performance, nor are they to be
used as manufacturing drawings.

NOTE - Equipment designers should work to the limits stated in the outline drawings and not to the
dimensions of individual specimens.
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6.2.2 Dimensional units to be used in specifications

The dimensions and tolerances shall be given in both millimetres and inches. The original
system of units shall be stated.

Independent of the system of units, the highest accuracy required by the dimensions shall
be such that the values, the first digit of which is 1 or 2, shall not comprise more than five
digits, those with the first digit being 3 to 9 shall not have more than four significant digits.
In any case, the precision shall be limited to 1 ym or 0,00005 in.

5.2.3 Conversion of dimensions given in inches into millimetres and vice versa.

During the rest
0,001 ions
permit, s |also
holds fo yact
calculatipn according to 1ISO Standard 370: Toleranced di from
inches t

“The val xact
according to 1SO Standard 370: Toleranced d| AeNs into
millimeties and vice versa. They are, He ‘ as acceptable rounded

values with regard to accuracy.
NOTE| - For more details, see 9.1.3 of |[EC 1169

6 Star

The rati
in the re

ach-connector type and style shall be sfated
pally cover:

eCtor construction stating in particular the inner
d, if applicable, the cable types preferable tp be

- any-other rating or characteristic applicable

7 Classification into climatic categories

The classification of connectors with regard to climatic conditions is based on IEC 68-1:
Part 1: General and Guidance, and indicated by a series of three sets of digits separated
by oblique strokes corresponding respectively to tests at low temperature (minus sign not
shown), high temperature and the number of days of exposure to damp heat, steady state.

1 Millimetres or inches to be entered as applicable.


https://iecnorm.com/api/?name=517e9cb8397d00a71921ec6c88292c39

-18 - 1169-1 © IEC

The climatic severities to be prescribed by the relevant specification shall preferably, but
not necessarily, be selected from the following preferred values:

Low temperature -40 °C, -55 °C

High temperature 85 °C (category 085), 125 °C and 155 °C
Duration of damp heat,

steady state 4 days (category 04), 21 and 56 days

The following two groups are recommended as preferred climatic categories for r.f.
connectors:

40/085/21
55/155/21

8 | IEC type designation

The purpose of the IEC type designation is to identify & ¢ within the
scope of IEC r.f. connector standardization. It is ng * i i mation in
exg¢ess of this. In practice, it is usually necessary to~ident a N : s product
be¢ause, although complying with the IEC standé s RE pvered by

thg standard.

Connectors complying with the rele Sp following
indications and in the order given;
a) the number of the specifica
b) the letters "l
c) additional id
description

pirements of

NOTE -
of the pro i
the relevant

methods,

severities

are given.

The relevant specification shall prescribe those tests, measuring methods and procedures,
taken from the library of tests as contained in this chapter, needed for a specific product,
together with the appropriate severities and requirements.

For technical reasons some of the tests have to be carried out in a definite sequence on
the same specimens. Separate specimens may be required for different sequences. Since,
for some tests the specimens undergo a treatment which excludes them from being sold, it
is an economic measure to form appropriate test groups.
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A schedule of test groups taking into account the above is shown in annex A. This
schedule is expected to be applicable, in principle, to all types of connectors, deleting
those tests or sequences not required for a particular type or style.

According to the schedule, all specimens of a test sample should be submitted to the first
group of tests. The sample is then split up into the required number of equal sub-samples
of not less than four pairs of connectors, unless otherwise specified.

9.1.1 Standard conditions for testing

— repovery conditions for the interval after a conditioning
or tesf

The test

When a ; 4
applicati 3 3 he D be
applied.

The test
shall the
stated in

If it is

connecto dimensions of the mounting plate shall be such that the contour of the
specimep is’exceeded.

Mounting and arrangement of cables/wires for dynamic tests such as bump, vibration and
shock, shall be in accordance with IEC 68-2-47. Unless otherwise specified in the relevant
specification cables/wires shall be clamped to the test table in axial alignment at a
distance of 90 mm * 10 mm from each cable outlet. The free end of the cable shall be
restrained from rotation by clamping to a rigid support.

Unless otherwise indicated in the relevant specification the effects of gravitational
force and the direction and level of the prevailing magnetic field may be disregarded when
carrying out dynamic tests.
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In the case of mounted connectors subjected to environmental conditioning, care shall be
taken to ensure that the surface finish of the mounting plate is compatible with that of the
connector body so that electrolytic corrosion due to contact of dissimilar metals is avoided.
For sealed connectors the mounting shall take the form of a suitable test jig so
that without disturbance of the panel seals, the leakage rate may be measured at the
conclusion of the recovery period after the environmental conditioning. The back-of-panel
portion of such fixed connectors, when appropriate, shall be protected. The free ends of
cable shall be protected against the ingress of moisture.

For tests involving exposure to high temperature - usually the upper temperature category
as in the climatic sequence, rapid change of temperature and high temperature
endurance, a cable with an appropnate temperature capabmty should be used. The upper

.2 Visual inspection
Vigual inspection shall include a check on:
a) The marking:

it shall be correct in accordance with 11.2 and be leg 3 3 ified tests.
b) The manufacture:

it shall have been carried out in a careful g
¢) Deterioration after electrica

unless otherwise specified, the
performance.

affect the

9.1.3 Dimensio

TrLe dimen : s cdhand’ shall comply with those specified by thie relevant
specification.

ified by the

THe outlingvdimensions shall comply with those specified in the relevant spgcification.
When specified as a lot-by-lot inspection, this requirement may be demonstrated prior to

9.1.3.2 Piece-parts-with-materials

One set of piece-parts supplied to the requirements of the relevant specification shall
be checked with compliance with the drawings quoted on the qualification approval
application or certificate.

9.1.3.3  Mechanical compatibility

The dimensions of the mating face shall be in accordance with the mating face drawings
prescribed in the relevant specification.

Use of compatibility gauges is optional. When used, specimens shall accept the gauges.
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9.2 Electrical tests and measuring procedures
9.2.1 Reflection factor

9.2.1.1 General considerations

The reflection factor of r.f. connectors shall be measured with the test specimen mated
with a standard test connector. Adaptors shall be mated with standard test connectors on

both sides.

The relevant specification for a particular connector shall also specify the pertinent
standard test connector (connector of Grade 0). Mated pairs of standard test connectors
shall exhlblt closest unlformlty of characteristic impedance throughout the pair inclusive of

the trangt

The refl¢ction factor shall be expressed as a fupgtion ¢ . Shall

tor. Meapuring in the time domain and.con e ing to OF e up
to frequéncies of approximately 1 GHz 3 )
separatipn of reflections arising from the
system. [This is more difficult to achieve
in the fr

If spot 1
priately 3 5
satisfactory for : itje Rods, ur ically

Examplgs of appropriate eq pr measuring the reflection factor as a functic]
frequengy i B, radig ¢ bridges, directional couplers and slotted |
Measuripg sef i

originati

greater

of the relevant reflectuon will in general be necessary.

n of
nes.

than

There are some computer controlled automated measurement systems having enhance-
ment routines with error correction models that reduce the measurement uncertainty in

reflection factor to the point where further recognition methods are not required.

9.2.1.2  Information to be given in the relevant specification

a) limits for the reflection factor as a function of frequency appropriate to the grade;
b) measuring accuracy;

c) details of the standard test connector;

d) necessary characteristics of the appropriate cable;

e) any deviation from the standard test method.
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9.2.1.3 Normal measuring methods
9.2.1.4  Ordinary measuring set-up

Figure 1 shows a simple set-up, using either a bridge, a directional coupler or a slotted
line, with which the recognition of errors from different sources is not normally possible. In
this figure, the principle locations where reflections may occur are marked with B, C and
D, together with the associated reflection factors r, . and ry. The reflection tactor due to
the connector under test is .

The measuring port error 1, represents not only the reflection at that location but incor-
porates also bridge, coupler or slotted line residual errors.

Since the phases of the several reflected waves depend on the electrical lengths between
the locations and, therefore, on the frequency, their contributiops| to thesapparent total
reflection factor are random. The root mean square value obtaingd, theféefore,Ns:

- 2 2 2
rtotal - V rx + (rb + rc rd

= B0 1\ Assuming r, $ 0,05 this

As| an example, typical values may be r, = 0,018
legds to:

Thiis represents an inaccuracy of at individual frequencigs may, of
course, be affected by much gre

Alfhough a swept-fr
preclude the usg™of

expressed t9.2.1 1
< \\S}véaxgéerator
(\ 7]

®
Bridge or directional coupier l i Eé]/ /l_,_u.u
orSlotted line o O l

\ B C D
> < -
Calibrated variable o e g
attenuator G
\ » |

ator is indicated in figure 1, this is not intended to
echniques, taking into due account the warning

| -
Ix
Detector
' @ Bridge test port connector
Log. amplifier @ Standard test adaptor
or network analyzer ]
7 ® Standard connector
L Oscilloscope ® Connector under test
or x-y recorder
® Cable or cable simulator

061/87

Figure 1 — Bridge, coupler or slotted line method
without error recognition
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9.2.1.5 Two-connector procedure

A special procedure, called the two-connector procedure, uses as test set-up two, as far
as possible identical, test specimens interconnected back to back by a section of cable
previously selected for accuracy and uniformity of characteristic impedance. While not
permitting the recognition of errors, this procedure allows identification with good prob-
ability whether appreciable disturbances are present.

The procedure is illustrated in figure 2. It makes use of the phenomena that for two
identical test specimens, which have also equal reflection factors as a function of
frequency, the reflections from the two connectors cancel each other each time the
distance p between them corresponds to an odd number of quarter wavelengths, and they
add numerically to double thelr individual value if p equals an even number of quarter

reliable
the abse

In practic
resulting
Unequal
is revers
that do pot change with reversal of the assembly,
values dorresponding to reflection factors in exce
change |n minimum values when the g
tors and|cable being inspected before

verified performance or.an adeq 3] )¥. The cable shall be no longer than is
necessafy with regard sy—at which the reflection factor is tq be

measured. Severalleng ble for a wide frequency range and alsgo if
results are requi

As a che system, it is recommended to repeat the measurements
with the prsed between the standard test connectors.

The two; re may be used in conjunction with bridge, directional coupler or
slotted li ing methods. In the following, the latter method is described in some dgtail.

Connectors Precision

Standard under test Standard termination

test adaptor test adaptor
2 It por_ -/ \N P

o U
Y 1]
See note See note
p
062/87

NOTE - Instead of using standard test adaptors, standard tests connectors may be directly used on the
generator port and the precision termination.

Figure 2 — Measuring set-up for two connector procedure
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Figure 3 shows the x-y-plot of the voltage on the slotted line, preferably using a loga-
rithmic scale graded in decibels, as a function of frequency with the probe position as a
parameter (the probe is simply moved by an appropriate amount after each frequency
sweep). The display of the curves permits the envelopes to be drawn. Thus, the minimum
widths of the display may be judged. The maximum widths of the envelope correspond to
the voltage standing wave ratio (VSWR) from which the reflection factor at the particular
frequency is derived.

The numerical value of the reflection factor r corresponding to the maximum is given by
the formula:

Vovh — 1

. L
for a single connector: r = 2 VSWR +

Voltage on slotted line
logarithmic scale (dB/division)

I L
Maximum widths = VSWR (dB) max
relevant for calculation of r

RN
+ o

(4

of

+
f

Af =—
2p
\ Linear frequency scale

S

sl

L 1 1 P
-
\ \> 063/87

¢ = wave propagation speed in section p

Figure 3 — Voltage on slofted line as a function of frequency
with probe position as parameter

9.2.1.6  Measuring methods providing error recognition
9.2.1.6.1 Using a bridge

In order to achieve the possibility of error recognition, two modifications are applied to
the normal measuring set-up in figure 1. These include providing adequate lengths of the
lines from the bridge port B to the test assembly at C, and from the test assembly to the
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matched load at D. Furthermore, the termination at the reference port A of the bridge is
given a value such that, assuming the test port is terminated by the exact nominal charac-
teristic impedance, a known reflection factor r, of, for example, 0,1 (return loss 20 dB)
would result. The set-up is shown in figure 4. The length /, should be made at least five

times I1.

Sweep generator

Calibrated variable
attenuator G

]

Detector

[

Logarithmic amplifier

or network analyze(r/\

frequeng
(phasors

where

NI S
Ogcilldscope
)

with error recognition

@ @ 6
® Y
20d8B I r /
Return foss —@— Four port bridge s l—-q_ﬂ_ﬂ
offset load - |
A i c 2R
-
e
|
|

gonnector

dard test connector
Connmector under test
Line 2

Bridge reference connector

064/87

XOrs

r, is|due“to the intentional and known mismatch of the bridge at the port B and is more or less constant in

amplitude. Slight deviations are caused by internal bridge errors and by the influence of non-zero line
lengths between the bridge-elements and the test and reference ports B and A.

@A~

includes the reflection factor I of the connector under test and that of the standard test connector.
y its rotation relative to the complexor 7 it causes the ripple E, as shown in figures 5 and 6b.

4 is the reflection of the termination at the end of line 2 and is responsible for the ripple F which is five
times faster than the ripple E if the electrical lengths correspond exactly to /, = 5 /..
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r‘ Refiection factor -

g T s e o

1

i

f2 |
|&,° e — —

.

J

b
\
*r

Frequency

0 f1

Figure 5 — Complexor (phasor) chart according-to the set-tip in figure 4

sorresponds to a 750 MHz variation in the frequency §

fa 3
065/87

will show
ample is
ied out by
€ means.
given as

bsen such

ripples to determine the reflection factor clirve. With

ctor at C,
xis of the
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(dB] b Returnloss e

17 = _ 0,14

j— 0,13
18 o

L. 012
19 = fee 0,11
20 fe 0,10
21 - — 0,09
22 l— 0,08

[ro+rcl A Reflection factor
012 —
011 =~ v, E .
. —- - p \
.,
0,10 =
m o
[min }
I

\
N
«

74 .

N\ (GH
6 Frequency [GHz]
068/87

to reflection factor. Elimination of ry by
7Ordinate values of shaded area correspond

&)

O) wed

Frequency (GHz]
067/87
Figure 6¢ — Extraction of r. (ripple E) by dividing the difference r__ ~r. in DY 2.

r. is the reflection factor of the connector under test (including the
reflection of the standard test connector at C in figure 4)
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9.2.1.6.2 Using a directional coupler

When using a directional coupler instead of a bridge, the line I; (from B to C) shall be
replaced by a broadband impedance discontinuity acting as a low loss partial reflection
and transmission element. This takes the form of a coaxial line partially filled with low loss
dielectric foam as shown in figure 7, with a sharp discontinuity at B: r, ~0,1(~20dB
return loss), matched to Z_ at its output.

ffset

The measuring process is similar to that described under 9.2.1.6.1 for the bridge method
with error recognition.

L

A
Y

Foffset . Length/ (atleast one wavelength at the

) lowest frequency) ,\

Coupler side s necter undef test
e
Zo —.Z = Zo—1-—
Ve 69/87
Figure 7 — Broadband irx s inui )C}ti g’as a low loss partial

reflection and

9.2.1.6.3 Alternative s

at 3 ine I, can
be| replaced by an “abs i di d element

popition (a 3 s the long
ling effect okthe li

ribed above.

~.error caused by deviations of characteristic impedance of coaxial lines. |This error
can be minimized by selecting the correct impedance using time-domain reflectometry;

— error of calibration attenuator G, shown in figures 1 and 4;

- standard test connector error. This may be minimized by making the standard test
connector a part of a precision air line having the same diameter;

- influence of air line /, attenuation between B and C on the retlection factor value r,
measured. If this attenuation is not negligible, twice its value (in decibels) has to be
subtracted from the return loss before computing the true reflection factor r_.
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9.2.1.7.2 Methods without error recognition according to 9.2.1.1
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Purpose

Test method

Notes

Calibration for generating
a grid of constant return
loss curves

0,

v —it

From port of measuring
device (bridge, directional
coupler or slotted line)

(o——ﬂ Short

0:] Open

Alter attenuator G setting
from 0 dB by convenient
steps and plot correspond-
ing return loss curves

Measusring of the reflec-
tion factor of a single
connector according
t09.2.1.2

Transmission line (cable}

° i \ C\

Connector under test

Measurements are carried
out on connectors fitted to
selected and verified trans-
mission line in accordance
with manufacturer's assem-

Standard test adaptor

biyamstroctigns. Alterna-
tively, a cable simulator

(‘ngy beyseq

9.2.1.7.3 Methods with error recognition according to 9.2<f.\4\
A
Purpose Test method \ \ Notes
] INY -
leration of a grid of Terminate refprence port
cibel return loss with matcht:./E load.
chlibration curves Draw the avprage trace
U-UU- rt between opén and short
50Q for 0 dB and plot the return
loss grid by pltering the
attenuator { setting in
° n convenient §teps
(e
v \J - Short
\/> &1 oven
Mgdasuring the reflection ) Initial position| of attenuator G
factor sum accol G Bridge at 0 dB. Intrpduce 20 dB
19 figures 6a to{6c, Connector under test offset at reférence port of
bridge
(o Line
o —Cc~ 7 k ine iy
2 Line /1
Q offset
Measuring the reflection Initial position of attenuator G
factor sum according G at 0 dB. Introduce line
to figures 6a to 6¢c and Connector under test reflector with impedance
deduction of reflection X 7 step at directional coupler
factor r, Fa) (o A Pl side
v N p Nt

;A

Partially foam
filled line reflector

g

Correction of measured
return loss, it necessary

Check air line attenuation

Real return loss: measured
return loss minus two times
line I1 loss
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9.2.1.8  Method of time-domain reflectometry (TDR)
9.2.1.8.1 Theoretical considerations

Assuming the incident signal has the ideal form of a step function the reflected s(t) = r(t) is
converted to the complex reflection factor as a function of frequency by:

-
o) = jmJ s(t) - e-lotdt

0

where 0 to T is the time interval comprising the portion of s(t) due to the reflection arising from the
connecforundertest:

Restricting the upper frequency limit to values such that o7 < 1,
expression to be simplified to:

the

.
r((o)521tf‘[ s(t)-dt=A-f

0
Figure 8 shows an example of a time-domain reflectomet
NOTE | As only the magnitude of the refl

integral is omitted. A positive sign results fro
parallel| disturbing element.

jgnal
Litive

s(_t

A
W
23

o

\ \)0 100 T tlps]

Impedanceglevel Reflections from Impedance level
of refererice line connector under test of transmission line

A

Figure 8 - Example of a time-domain reflectometer measurement recording

In the example, the surface under the curve from 0 to T is:

r
J s(t)- dt= 17,5 ps
0

Therefore at 100 MHz: r= 0,011.
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8.2.1.8.2 Measuring procedure

The verification of the equipment and the elements used is carried out as shown in the
first three boxes of the table in 9.2.1.7.1. The set-up for carrying out the measurement is
illustrated by figure 9.

The reflection factor calculation, a permanent record of the reflected waveform shall be
made (reading from the screen is usually not accurate enough).

Reference line Adaptor Transmission line Termination

—f—-—|‘, - {g\ EAAAN

Both the time and the reflection factor scales of the TDR S hall be caljbrated by
ingependent references. For the time scale, this can e e i irli of known
lenigth, sliding short-circuits or by time standards. \ actor scale is [calibrated
by|using known impedance mismatches or inp amplitude. For routine
calibration between measurements, open or shp NS3 atisfactory.

In pddition to the calibration, the 2 . ould be checked for the following
solirces of error:

- the step form sha i minjmum ripple and irregularities thefore the
calibration;

— losses in gir hines & JUIE cables distort the incident step. Excessiye lengths
should @

- multip peasuring system added to the reflection| from the

connecto if the system includes unmatched compongnts. Their

d_by Selecting the lengths of air lines and cables sp that the
or unshielded terminations may cause interference sigpals in the

often due to an uncertainty in defining the line corresponding to zero

reflectiomJThis is particularly important if the reflected signals are small.

9.2.1.8.3 Frequency range

Assuming a maximum length of the connector under test of 50 mm and a step signal with
a rise time of not more than 200 ps, the TDR method usually permits adequate accuracy
up to 200 MHz, using the appropriate formula for the conversion into the frequenc
domain. .

NOTE - A gradual increase instead of a sudden step of the input signal has, besides the restriction of
frequency range, the effect of flattening the reflected signal and thus of lowering its amplitude, which in
turn diminishes the accuracy.
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9.2.1.8.4 When connectors are used with semi-rigid cable it may be desirable to stabilize
the assembly by temperature cycling between —40 °C and 90 °C before carrying out the
reflection factor measurement.

9.2.2 Power rating
9.2.21  Definitions
Power rating is the input power at which neither the peak working voltage nor the maxi-

mum dielectric temperature of the connector are exceeded, if the connector is terminated
in its characteristic impedance.

The nomj

where

Um ax | 18 the peak working voltage

Zz is the characteristic impedance
Pu, mexlmplles sinusoidal c.w. excitation

The nominal value of temperature-limjted po
power af which the inner conductor redch
(alternatjvely as per climatic categor
temperature of 40 °C.

btate
elow
bient

Maximum inner
conductor temperature

85 °C
200 °C
180 °C
9.2.2.2
Cable ¢ shall be attached to the appropriate cable, as per manufacturer’'s
instructipns:

The specimen shall be placed horizontally in still air, allowing free air convection, and
screened from the influence of other heat sources.

The test duration shall be long enough to establish thermal balance.


https://iecnorm.com/api/?name=517e9cb8397d00a71921ec6c88292c39

-34 -

9.2.2.3 Conversion Formula for Temperature

1169-1 © IEC

Sometimes test conditions are such that the standard ambient temperature of 40 °C
cannot be achieved and/or the maximum inner conductor temperature cannot be

maintained. In this case, the following approximate formula should be used:

where the range of values
pop (=T 14 t, and T, is as follows:
Wt -1, t, from (t- 15) to t
T, from 15 °C to 40 °C

T, = ambient temperature during test

T = standard ambient temperature (40 °C)

t, = inner conductor temperature under test
t=

maximum inner conductor temperature (see table 1 of 9.2.2.1 or per climatic category)
P, = measured input power under conditions t, and T,
P = power rating (temperature-limited)
9.2.2.4 Measuring Methods
Idgally, the specimen is terminated in its characte and then fed with RF
power until maximum working voltage ¢ X inner conductor temperature is
regched, but not exceeded. In prastice, this is ften’ possible, and theg electrical

and thermal conditions have to b \ r, équjvalent, methods. Thg following

thnee methods are described below:

direct method
ring Line method

co

[o]

[]a

Connector
under test

diameter
se of the

bsorbef

Figure 10 — Direct method

Mismatch results in measuring error as follows:

1+5)2
u=100|:-(‘:—s)-1]in°k

s = line VSWR

U = maximum error

The maximum error occurs in the current minimum.

IEC 437192
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9.2.2.4.2 Ring line method

-35-

This method makes use of phase relations of a directional coupler, in connection with the
resonance properties of a ring line. The characteristics of a directional coupler with
matched ports 2, 3 and 4 are defined as follows:

Directivity

Coupling loss

Py .
ap =10 log 5 in dB

4

P1 .
aK=10|Og ? indB

3

Lolngitudinal Loss

P

P
a,= 10 log B in dB

Matchi
unit

2
Method with constant coupling
r1@ Pref1@ Connector
under test
X o D

Ring/lin
Coupled lin

:Llf\

X

AN

Main line Q N

the eféctrical length of the ring lineis 1_, =n- A,;

Termination
IEC 438192

f the

where n = a whole number;

7‘0 = free space wave length at measuring frequency.

The connector under test is in series with a directional coupler having calibrated power
and reflection meters. The matching unit (e.g. a line segment with tuning screws) serves
to compensate for residual ring line reflections.
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The ratio of multiplied power to input power P, is generally as follows:

Multiplied power _ ( K )2
1-A

P avie

1
where: A= 10'3/20 transmission factor of the transmission line with
a = ring line loss in dB;

K = 10"3/20 coupling factor of the main line directional coupler;

P,, is maximum for A* + K* = 1;

r
'J
In|which case = = ——
P1 K

In|this case, the full input power P, teeds into the ring line. i %hown in

figure 12.

If no coupler with K=\/ 1 - A> is available for a given xi 2 e method with
variable coupling may be used.

a\SI

\ = s 10
\ AN 1\ 1|
Ring line \\ A\ AN 4 Power
loss a (dB) . ratio P
\ P S 4 o
\ ( 2] 1
AN NI ANIDYS NN 7

00< \ D )\> ’,, 2

ORX T
a\S A .
SEL X
\/ J/ \
0— D 2 Z - \\\ 101
- Y
1 P AN
V2 \\
I" \
, AN

N\
1072l A 10°

0 5 10 15 20 25 30
Coupling loss ay (dB)

IEC 439192

find optimum coupling for given ring line loss (1)
------- find power ratio for that coupling loss value (2)

a=10log (1 - 10%/10)

P
— —107%10
1

Figure 12 — Method with variable coupling
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Termination

Matching Connector Pref1

unit under test
A o o o
T

s L
7/

440192
Figure 13 - Ring line method with variable coupl

By meank of two 3 dB couplers plus a connecting line 2 - 5 of va |able ithis posgible
to realizg any required coupling level into ring line 3 - 8 - 7~ 4< 3

For a given coupling factor K the appropriate electricé
and 5 onjone side and ports 3 and 8 on the other i

ks 2

The app
required

the

NOTE |-

9.2.2.4.3
The con age
maximun irec-

tional co
line shoy

characteristic impedance of the directional coupler's main
minal value of the specimen.

Accordin electrical length, the specimen acts as part of a resonance circuit, of as
a transmission linewwith standing waves. In the short-circuited case only, the conn+tor
under tegt:should be placed such that its distance from the short-circuited end is

' A
— (for maximum current), respectively —ZL (for maximum voltage), A, being the wave
length on the line.

The power in the specimen is then: P = 4 P,
with P, = measured input power.
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Matching unit
Q aD-O— cD—e O
5 ]_. b D-D— dD—-—

Power meter u
= |

‘0

W

Electrical length A
of specimen” £0,0324 /\ \>
Test for voltage current /\ \vo@ urrent

Test circuit a \ c\ / d

* Including connecting leads

To
lest b), or
low heat
than in
eld effect
9.2 esistance, outer conductor and screen continuity also centre cofductor

al measuring requirements and procedure

Measurements will in general be carried out with alternating current (a.c.). In case of
dispute, however, the measurement with direct current shall govern. The frequency for a.c.
measurements shall be 1 kHz + 200 Hz.

The contact resistance shall normally be calculated from the potential difference measured
between the points intended for the connection of the cables and the current. The contact
shall be made before the current is switched on.

When direct access to the terminations is impractical, as in the case of mated cabled
connectors required for environmental conditioning, a measurement of the centre con-
ductor continuity shall be made.
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The centre conductor continuity procedure may also be employed, with adaptation for
measuring the outer conductor continuity of triaxial connectors fitted with triaxial cables.
In this situation the connectors and the cable outer screens prevent direct access to the

connector outer conductor.

In order to prevent the breakdown of possible insulating layers on the contacts, the electro-
motive force (e.m.f.) of the measuring circuit shall not exceed 20 mV (peak value for a.c.).

In order to prevent undue heating of the contacts, the current shall not exceed 100 mA or

the value specified by the relevant specification.

The measuring set-up shall be such as to ensure that the result is within—+10 % of the

resistan¢e to be measured, unless another accuracy is given in the relevant spesification.

In genernal the resistances of the centre contact R, and the outer ¢g

the total resistance Rmt of the two contacts in series is
measurgment.

9.2.3.2 | Procedure

The reletvant value of the contact resgistance
consecutive measuring cycles. No indivi

One measuring cycle consists of:
when measuring with"a

connection of voltage source in reverse polarity;

e) measurement;
f) disconnection of voltage source;
g) breaking the contact (disengaging the connectors).

9.2.3.3 Requirements
1) Contact resistance and outer conductor continuity

The values shall not exceed those specified by the relevant specification.

five

2) Centre conductor continuity, and outer conductor and screen continuity (mated

cabled connectors)
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The overall resistances of the mated connectors and their attached cables shall be
measured between the free end of the cable conductors. The connectors shall not be dis-
engaged between making the last measurement prior to the conditioning and the first
measurement after conditioning.

The changes in resistance of the centre conductor, outer conductor and, when applicable,
the screen of a mated pair of connectors inclusive of cable resistance, shall not deviate,
after conditioning, by more than the appropriate maximum permitted values indicated in
the relevant specification.

9.2.3.4 Information to be given in the relevant specification
a) upper limit of resistance for centre contact and outer conductor/screen continuity as

appropriate;
b) the maximum percentage change of the initial total measiced résistances of mated
cabled connectors to be permitted after conditioning;

¢) any deviation from standard procedure.

9.2.4 Centre and outer conductor contact continuity shanical

conditioning
9.2.4.1  Testing procedure

The continuity of the centre and
tested during the vibration (see S
requuired by the relevant specificatjor

THe test equipment, for instance a 5¢i s
quate display or pe ing coynting intesruptions, shall have a resolutio

than 1 ps.

rs shall be

with ade-
N of better

A [current of. at O\ MA 3 e flowing through each set of contacts| Contacts
may be ..@. ' eies. or valdes may be specified for the current in the relevant
specification:

$¢e¢.93.3.2, 9.3.13.2, 9.3.14.2.

9.2.5 Insulation resistance
9.2.5.1 Procedure

The insulation resistance shall be measured between the contacts with a d.c. voltage of
500 V + 50 V or with the rated voltage of the connector whichever is less.

The insulation resistance shall be measured after an electrification time of 1 min 15 s.

NOTE - When appropriate, the reading may be taken after a shorter period.
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9.2.5.2 Requirements

The value of the insulation resistance shall be not less than the value specified by the
relevant specification.

9.2.5.3 Information to be given in the relevant specification

a) value of the test voltage if other than 500 V;
b) minimum value of insulation resistance;
¢) any deviation from the standard test procedure.

9.2.6 Voltage proof
9.2.6.1 | Procedure and requirements

Connectors shall withstand without breakdown or flashover wi
the releviant specification.

An appropriate cable shall be attached to the conneg ¢tors shal] be

tested bgth mated and unmated.

An a.c. yoltage at a frequency betweg for
qualification approval and for 5 s fohqua

prescribed in the relevant specification.

The relation between the rajed voltage

by:

ding

R,

9 2 7 1 Peanacliirn on P VTR PPV w=Y P
&l . TIoeeUuTeanuaTecyuniTIiiCininos

Suitably mated connectors fitted with mating face seals and attached to appropriate cables
shall be submerged in tap water at 70 °C + 2 °C to a depth of 30 cm.

After 1 h the water shall be allowed to cool to room temperature and shall be held at this
temperature for 1 h. The water shall then be cooled to 10 °C + 2 °C in approximately 1 h
and then kept at this temperature for 1 h.
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The water shall then be allowed to warm up to room temperature. The connectors shall
remain under water until 24 h have elapsed from the time of starting the test. Whilst still
submerged, the following test and measurement shall be carried out as required by the
relevant specification:

a) Voltage proof

An a.c. voltage as specified in the relevant specification shall be applied at a frequency
between 40 Hz and 65 Hz between the inner contact and the body of the connector for
a period of 1 min. There shall be no breakdown or flashover.

b) Insulation resistance

The insulation resistance shall be measured in accordance with 9(2.5.

9.2.7.2 Information to be given in the relevant specification

a) value of the test voltage;
b) any deviation from the standard test procedure

9.2.8 Screening effectiveness

9.2.8.1 General considerations

Sdreening effectiveness in the n lines is
the ability of the outer conductor Sturbed by
outside electromagnetic fields, g ic 3 respect to r.f. coaxial copnectors a
longitudinal current flewing on the age in the
cofaxial circuit.

THe quotient of U,, by the
outside lon j < Nt . is called "the transter impedance” and is generally

an ectors.

A r possible
le the two
cable e ince in IEC 169 only mating face and locking (coupling) mechanisms are

standardize primary interest concerns the screening effectiveness of this part of the
cannector assembly. This does not, however, exclude that the measuring methods may
also be used either for determining the transfer impedance at any individual spots of
leakage if due care is taken to eliminate coupling contributions from the other leakages,
or for total transfer impedance. In the latter case, and especially at high frequencies, the
occurrence of directional effects has to be taken into account.

it shall be emphasized that the transfer impedance of r.f. connectors, and thus the
screening effectiveness, has by no means a stable, fixed value applicable to each parti--
cular specimen or pair. In particular, Z, is mostly much dependent on mechanical and
contact circumstances. For instance, the value may be considerably lowered by stronger
tightening of the coupling nut. Moreover, the exact value normally cannot be reproduced.
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A fresh connector pair in general shows a reduction of Z, with repeated disengagement
and re-engagement, but the value may increase again after some dozens of cycles,
perhaps due to wear and tear. Very little is also yet known on the behaviour during use
and ageing of connectors.

For radio-frequency applications, the transfer impedance Z, shall be expressed as a
function of frequency and, in general, be measured in the frequency domain. While at
higher frequencies no other practicable measuring method is known, at frequencies up to
a few hundred megahertz time domain measurement with pulse technique may be used,
with, if appropriate, subsequent transformation of the result into the frequency domain.

In order|to measure the screening effectiveness of the mating part bair,
suitable cables are attached to the connectors in such a way as to e e at
the cabl¢ entries. For frequencies above 10 MHz, semi-rigid cables\or ‘sok ter
conductgrs are generally preferred.

Below 10 MHz, cables with low leakage at low freque
standarized test procedure in the frequency domain d
fixing-fl

. |The
of a

flange is

The tim Iin
lower frgquency bands up to a few hundred ppropriate test equiprent
(pulse generator combined with cathod iHlo% ay
be carri - ith
nearly th age

Various
frequeng
method

vieasurement of the transfer impedance ir} the
pulse method. In case of dispute, however| the
.2.8.2, using a tri-coaxial test set-up (or a sqt-up

where the outer ing 8| med by waveguides) shall govern as reference|test
method.
NOTE}- ing-rule \the tri-coaxial set-up may be used to approximately one-third of the yipper
freque imitakthe\connectdr type to be tested, without the risk of disturbance by overmodes in the fouter

line. A ies-the waveguide set-up should be applied, in which case the limit lies at about
three-quarters \of\the connector limit. Experience shows that at these high frequencies the trgnsfer
imped}nce no longervaries appreciably with frequency.

For type testing, measurements shall always be carried out at the first engagement on a
number of pairs of fresh connectors. It is not recommended that a standard test connector
should be coupled to the specimen under test with the intention of attributing measured
screening deficiencies to the specimen under test.

The relevant specification shall state the number of pairs to be measured, the tightening
torque for the coupling nut and, where relevant, the frequency range.
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9.2.8.2 Measurement in the frequency domain

9.2.8.2.1 Principle of the matched tri-coaxial test set-up

The principle of the matched tri-coaxial test set-up is shown in figure 15, and explained as
follows:

In this tri-coaxial set-up, both the inner and the outer coaxial systems are matched at their
far ends, that is terminated by the characteristic impedance of the line, in order to avoid,
or at least to minimize, the formation of standing waves. The outer system is fed at port A
through a lateral arm, containing a matching transformer, to a T-junction acting as a power
divider.

The multistep transformer serves to adapt the impedance 2 Z clion to the
impedance Z,, of the feeding line in the frequency range of 1 ~NTlhe trans-
former becomes less effective at lower frequencies. The re is)) owever,

tolerable. Assuming the source impedance to be inv
shpws that the error introduced amounts to 0,5 dB
unpvoidable measuring uncertainty and in particulé
themseives. The advantage, on the other hand, i
arfangement with the convenience of the sa
whole frequency range*.

S

ed to the
sion of (Z, values
echanidal feeding
ng Z through the

It could be argued that for the same reasons the muitistep transformer might also be superfluous in the

frequency range from 1 GHz to 10 GHz. However, at such high frequencies good matching proves even
more critical in avoiding losses.
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Test Zo2 r _______
| TC L T Uz X 8 Ny
1 Y X i

l'lﬁ/ ool . Q‘x!xxx N

Us

C XxJxxx . 4 \ '
xx.xx\xn Us + 7 ‘L Zos xxxéxx T Y P3
g

e e, — S S— G——— —— Si— — —— . S e, Sttt et sttt

Test

C 442192

A Power feed connection
B{C  Measuring ports

X Connector pair under test
TB, TC Outer system terminating devices with
impedance Z;,
T Matched power dividing T-junction
M Ferrite rings

d Screened room

F
(op
At the T junctio@
figure 19, are necessdry

The sigh and C of the inner line, caused by the injected voltage
U,, are I: oth at B and C. Incidentally their equality is a criterion for
the sym stem and'the absence of directional effects.

For cali
of coaxw ine, priging a variable attenuator, to the port opposite to the measuring|port

(to C if Y54ds measured at B). This implies the equality Z,, = Z,,.

The quantitative relationships below make use of two approximations which, however, are
fully justified, bearing in mind the practical accuracy needed: The transfer impedance Z, is
very small and thus negligible in comparison to Z,, et Z,,; further, the attenuation and
losses in the coaxial lines and the multistep transformer are neglected.

The transferred voltage U, results in two voltages U, of equal amplitude at the ports B and C:

. 1
Ug=75 Up Since =21, Uy=7 2" 1, (1)
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The junction T acts as a lossless power divider and, since the multistep of the transformer
is considered to be ideal, it follows:

1
P, = - P,
U2 U2 U2 Uz Z
Because: P,=——, P=—2—: —2 1 1 sy, =U, [ L =22
1 + 2 ' ’ 2 1
254 Zo2 252 2 Zy, 2 2,
U, U,
considering further that: I, = z—; ly=—F/—— (2)
02 V2242

combining equations (1) and (2):

1 Yy
BT A G
2251 202
ZJ, might be chosen arbitrarily, the transformer bei s e 601y hing ratio.

This results in: Z, =2

The measuring instrumentation \con§ oha cking generator or synthesiged signal
ggnerator followed by s WE ifier \(jif needed) on the feeding side; on the receiver
sigle an input variable a a, low npiSe preamplifier and a spectrum analyzer.

i i g Wi er controlled automatic driving (step py step) of
the generato 8f. When calibrating the system, sharing pf the total
at enuatio g allows an optimum compromise with|regard to

rapdom noise a gsidus ay coupling to be achieved. The port at C of course to be
cgrrectly termina d ports at B and C in general need additional shiplding with
capper bra

ituting the
pper tube)

connpectorpai c e compiete oHGH

of the same outer dimensions as the connectors.

9.2.8.2.2 Practical construction of the matched tri-coaxial set-up for the frequency range
from 1 kHz to 10 GHz

For the practical construction of the test set-up, a few items need more detailed speci-
fications than are given in 9.2.8.2.1 and in figure 15.

Figure 16, shows, besides other particularities of the tri-coaxial set-up, the procedures
for feeding the input power in the two frequency ranges; from 10 MHz to 10 GHz and
from 1 kHz to 10 MHz.
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Above 10 MHz the feeding is quite normal and it is only necessary to take care of the
feeding cable, which should have an approximate length of 1,5 m, in order to provide a
sufficient impedance (mainly reactance) to the normally open "earth loop" (see figure 15,
at the input the earth is on the outer conductor, whereas at the measuring port the earth of
the screened room is connected with the middle tube at B). The inductance of the loop
may be increased, if required, by ferrite rings, as shown in figures 15 and 16.

For frequencies below approximately 10 MHz down to 1 kHz, experience has shown
that correct results are obtained by feeding with reversed polarity, as depicted in figure 16.
Ferrite rings may be necessary for decoupling, particularly towards the upper frequency
region of the range.

N
\

AN
=1
ZSONN N NN N N

N
PN :
l/ M: inductance ~ 300 pH

T As!

—— Low frequency phase reverse
s ST I feed t kHz—T0 Mk

High frequency feed
_________ ~—/ 10 MHz —10 GHz
{cable =1.5m) 034/88

M Ferrite rings

m Foam dielectric beads

p Solder junction between brass tubes and coaxifl
cable or line

q Bulge for measurement of larger connectofs

T atchéd power dividing T-junction (detail figure 17)

Figure 16 — Practical tri-coaxial test set-up for the two frequency
ranges: 1 kHz to 10 MHz and 10 MHz to ~ 10 GHz

An important detail is the construction of the terminations TB and TC, which are to
cover the whole frequency range from 1 kHz to 10 GHz; see also figure 18. At frequencies
up to about 1 GHz, each termination consists of four paraliel resistors of 200 Q (assuming
Zy, = 50 Q). At higher frequencies, up to 10 GHz, the wave energy is dissipated in the
tunnel-shaped expansions (horns) filled with absorbing conical elements.
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In comparison with figure 15, figure 16 shows also additional brass tubes, (p), 4 mm to
6 mm in diameter, surrounding the semi-rigid cables and soldered to them near their
mounting to the connector pair under test.

The outer conductor of the outer system has an inner diameter of 14 mm. Thus, SMA,
APC-3,5 and similar sized connectors can be measured without the necessity of increas-
ing this diameter in the region of the connector pair. The brass tubes surrounding the
semi-rigid cables have about the same outer diameter as the SMA connector shell and
maintain therefore the condition of constant characteristic impedance Z,, = 50 Q. For the
measurement of larger size connectors, APC-7 or N-types for example, the dimension of
the outer coaxial tube has to be increased over approximately the length of the connector
pair, forming a bulge g, as seen in figure 16. The dimensions are not critical; reflection
factors up to about 0,5 are acceptable (mismatch loss less than 1,2 dB).

Low Loss dielectric screw /\d %

] o e
1 {mm \g [hm]
n
4N\Q§ 3,04
12,07 3,08
2 RN 3,{7
10,93 3,26
1 4 10,17 3,34
7,55 3,42
£ ] G 6 6.08 3,60
. 4 6,37 3,58
: 4 1 rq ¢ 8 6,84 3,66
: % vrl [} da 9 5,53 3,14
T 2 10 5,08 3,82
° A4 93 11 5,98 3,90
. A > 12 5,53 3,98
2 - 4 13 6,84 4,05
\( 14 6,37 4,13
< E}j R di 15 6,08 4,20
% I %\\d‘( 16 7,55 4,07
17 10,17 4,34
< ¢ ) Q 18 10,93 441
\ / 19 11,40 448
S99 N AN 22 12,07 4,55
7 ¥am precigion line end (50Q) n=23 10,00 4.p8
o = diameter 7,0 mm

035/88

7 —>Multistep impedance transformer for T-junction, effective

in the frequency range from 1 GHz to 10 GHz

An| example of"the mechanical construction for the set-up according to figure |16, is de-
picted-in-ti : i it-thisfi i ements, e,
at the feeding junction T (see figure 19).

9.2.8.2.3 The matched waveguide assembly for the frequency range from 3 GHz
to 18 GHz

For a further extension of the frequency range beyond the capabilities of the matched
tri-coaxial set-up, a relatively simple waveguide assembly has been produced which allows
measurements up to about % of the connector’s upper frequency limit. According to figure 20,
it consists of two waveguides running side by side and having a common broadside wall.

This wall has a longitudinal slot and a broader opening into which the connector pair with
mounted semi-rigid cables fit.
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The input signal is split by a 3 dB in-phase power divider and then launched in phase
opposition into the two waveguide arms, these waveguides being terminated by a matched
load at the opposite ends. If the assembly is symmetrical the field around the connector
pair under test is quite similar to the TEM mode in a coaxial arrangement. The quasi TEM
mode impedance Z,, of the outer system at the connector pair depends on the connector

Z
and the waveguide dimensions and may vary from ;’3 to 3 - Z; but this affects the overall

accuracy even less than the wide dispersion of practically measured screening values, as
occurring with repeated engaging and separation of the connectors under test.

a = low loss dielectric foa ed Wi 17 g
resin polymer (semi-flexible typ 3

b = The inner conducfor cgne \aniea lat the

area ¢. The whoj& sgne\Nis longitudiha eflec-
tion fdctor to be'q ized . red at
the fepding point A7 figure 15,

L)

frequency combining feed through terminations TB, T
range d.c. to ~ 10 GHz

Assumihg{hat the power divider and the launching devices do not cause losses, the total
power Ammmm-pm—ﬁ—ﬁﬁm and
assuming that Z,, = Z,5 = Z,, the relation for Z, is:

Z=2 U"z 2 Psz
t— © U1 0~ P1 0

The entire measuring set-up is exactly the same as for the tri-coaxial arrangement and all
information given there applies as well.

Comparison of results obtained in the overlapping frequency range of the tri-coaxial set-up
and the waveguide assembly on a dummy with fixed and stable transfer impedance in
place of a connector pair has proved agreement within 4 dB.
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Figure 21, is an exploded view of the waveguide assembly. The residual leakage and the
mismatch of the set-up can be tested before cutting the openings in the two thin sheets c.
These apertures are cut with a knife such that there is a 1 mm spacing between the sheet
edge d and the connector body X, thus enabling the longitudinal current to flow on the
surfaces of the bodies of the connector pair.

In the zone of the connector pair under test, each waveguide of the assembly works more
or less similarly to a ridge guide (see right side of figure 20), with the maximum of
magnetic field and current on the surfaces of the connector pair.

T8 p-

D7

0
9,
©
<
8 0,
ol
8 ®
2 Detail A

Q i
TC i
€ Tune
for minimum reflection
C

037/88

b

d fixing screw to assure contact pressure at T-junction

e T-junstion adjusting matching stubs

f Axial fixing and centering solid low loss dielectric bead

g T-contact fork

h Inner conductor of multistep transformer, low impedance side

m Several centering low loss foam dielectric beads

P Solid brass tube of outer diameter of 6 mm surrounding semi-rigid cable

q Bulge in outer conductor for large connectors (size dependent)

s Outer conductor of feeding multistep transformer with inner diameter of 7 mm

TB, TC Conical terminations with absorbing layer coated foam segments and four resistors (200 Q each
in parallel)

X Connector pair under test

Figure 19 — Example of a mechanical construction for the set-up according
to figure 16
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The dimensions of the trapezoidal openings in the two metal plates b depend on the
waveguide and connector sizes and are expressed as fractions of the connector, cable
and waveguide dimensions (see figure 17). The wave-guide assembly has to be mecha-
nically fixed by clamps and the connector pair and cable set-up shall also be fastened to
assure stable measuring conditions.

The admissible range of the outer diameter of the connector pair under test is approxi-
mately (0,25 ... 0,9) - a.

038/88

A Measuring port

B, t [Termination at opposite port

X Connector pair under test

E Electrical field in test area

d n-phase power divider

g [Generator

| Matched waveguide load

u Coaxial to waveguide transition

v Semi-rigid coaxial cables with equal

plectrical lengths
9.2.8.2.4 its 2 attenuation range and reproducibility
In pract : asurable by swept methods depends on the charac-
teristics ) pplifier, the power amplifier and the spectrum analyzer.
. P3 . .
it may lowest ratio N obtainable with adequate accuracy, whefe Py
2

is the p ivered at each termination of the inner coaxial system, and P, the wave
power flowing over/the test connector pair in the outer system, the charactelristic

impedance being all of equal value Z,

P
According to the derivation given earlier the relation between Z, and -F:’- is:
2
) P
3 3
Zy=2\|—= - Z,

z,=2
P2

t —U:

P
The practical Iimit,—-,;a— expressed in decibels, in the whole frequency 1 kHz to 12 GHz,

2
obtainable with the usual equipment, is about 155 dB. This corresponds to Z, = 2 pQ.
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039/88

-a-a—Upperandiower-waveguides
b, b* Upper and lower diaphragm plates removed), thin sheets not yet cut, ready for
c,c’ Upper and lower thin sheets of = 0,05 mm leakage and mismatch test
thickness f View of diaphragm within assembly
g Connector pair under test with mounted d Edge of thin sheet
semi-rigid cables and terminating X Connector pair under test
connectors

Figure 21 - Exploded view of waveguide assembly
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The measuring accuracy depends on the quality of the calibrated attenuator, the ins-
trument stability and the (unwanted) reflections at several spots of the set-up. It is found to
be about +3 dB. This seems to be adequate when considering the much wider dispersion
of attenuation values resulting from problems such as the mechanical handling of the
connector pairs. For instance, doubling the coupling torque when engaging an N-type
connector pair may easily lower Z by 30 dB and more.

L1 ~4a .
— Detail X
— o Detail X -

L~ N
\///‘——\\\/
~0.6d"
A% Y ~064- |
it
(1.2-1.4)D - o
. (]
1 |
.l 13 e
t
1
]
{~0.5a
~2D
) —— |
~3D 7
el ——————— l

Waveguide / a

A
N/ Z7Z777777

a
[

040/88

a, b| Inner sizet\of wa
d Outer o®~

9.2.8.3

Under ¢

9.2.9 Discharge test (corona test)

9.2.9.1  Procedure and requirements

For this test, an appropriate cable shall be attached to the connector and the test voltage
shall be applied between the conductors of the cable. No grease or similar compounds
shall be used in or on the test sample.

The application of a high voltage to the test samples immediately before the discharge
test, may affect the measured results; a rest interval is therefore recommended, after
previous voltage application, before carrying out the discharge test.

Care shall be taken to avoid spurious effects caused by corona at the cable ends.
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The connectors shall be tested only in the mated condition.

The voltage to be applied shall have a frequency between 40 Hz and 60 Hz. The total
duration of the application of the voltage shall not exceed 5 min.

The circuit for this test shall be as shown in figure 23, or a circuit giving the same results.

To allow the measurement of the discharges, the components of the test circuit shall be
corona free to the extent that discharges of 5 pC or more occurring in the test specimen
are not obscured. The parts submerged in oil shall be purged of air.

The_voltage shall be slow increased until the detector, operated at asensitivi of5pC,
indicates a sustained corona discharge. Then the voltage shall immediately be) decreased

until corona is at the 5 pC level, the corresponding voltage being the (Cotenallgvel of the
connector under test.

peciuen

1EC 443192

Th
re

at reduced atmospheric pressure when required by the
nulate high altitude applications.

b}, atmospheéric pressure if other than standard;

¢) any deviation from the standard test procedure.

9.3 Mechanical tests and measuring procedures

9.3.1 General

Measurements to be made at any stage of these tests shall be indicated in the relevant
specification.

9.3.2 Soldering, vibration, gauge retention force, effectiveness of contact captivation

NOTE - These tests formed.a "standard testing sequence" in IEC 169-1 but are now to be considered as
individual tests. The test called "static load" has been deleted.


https://iecnorm.com/api/?name=517e9cb8397d00a71921ec6c88292c39

1169-1 © IEC -55-

9.3.2.1  Soldering

Terminations and surfaces to which soldered connections are to be made shall be tested
to ensure that the surfaces wet easily and that damage does not occur due to the heating
effect of the soldering processes. Tests shall be carried out in accordance with Test Ta of
IEC 68-2-20, and when required the relevant specification shall identify the termination(s)
and provide the information as indicated for Test Ta. Test Tb may be applied if specified in
the relevant specification.

9.3.2.1.1 Solderability

Testss - he made in 3 ordance with g 0 N2 0 his test-mav be rned
out on piece-parts/sub- assemblles taken from batches prior to assembly| into connegtors
and, if pfescribed, subject to prior conditioning or ageing.

When applied to assembled connectors the requirements shall b in‘the relgvant
specification which shall also prescribe:

— soldering iron method - the size of the bit;

— solder bath - the depth of the immersion.

NOTE| - For soldering bodies alternative prose

e req rex@-ese all be as prescribed |n the
relevant specification.

be tested in accordance with [Test
5 method may also be used(as a
hape. When requiring use of| this

This test shall.b® carried’out on assembled connectors in the unmated condition. They
shall be| subjected to Method 1B or Method 2 of IEC 68-2-20 which includes details of the
normal fequirements‘and the information to be given in the relevant specification.

NOTE - For soldering bodies alternative procedures may be required. These shall be as prescribed in the
relevant specification.

9.3.3 Vibration
9.3.3.1  Procedure
The test shall be carried out on mated sets of connectors in accordance with Test Fc of

IEC 68-2-6. Unless otherwise specified, the test shall consist of endurance by sweeping
only.
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The vibration severity shall be defined by the combination of three parameters: frequency
range, vibration amplitude and duration of endurance. The relevant specification shall
prescribe the appropriate requirement for each parameter selected from the following
preferred values:

Swept frequency ranges - 10Hz - 150 Hz
10 Hz - 500 Hz
10 Hz - 2 000 Hz

Vibration amplitude (with cross-over frequency 57 Hz — 62 Hz)

Peak displacement (not peak-to-peak) Acceleration amplitude

amplitude below cross-over above cross.over.
T

TH

TH

frequency frequengy

mm m/s? @ k

e of which

.4,

lamping of
cables if othe

b) sev@s
c) perforafane

a)” The gauge causing the maximum deformation shall be applied to the cpntact and
withdrawn three times. For a centre female contact, the diameter of the gauge shall
be the maximum specified diameter of the mating male contact. For the outer male
contact, the inner diameter of the gauge shall be the minimum specified diameter of the
female body.

NOTE - The use of an oversize test gauge may be called for in the relevant specification.

b) The gauge causing minimum deformation shall then be engaged with the contact.
The contact shall support the gauge when the gauge is hanging from the contact
in the vertical position. For a centre female contact, the diameter of the gauge shall
be the minimum specified diameter of the mating male contact. For an outer male
contact, the inner diameter of the gauge shall be the maximum specified diameter of
the female body.
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9.3.4.2 Information to be given in the relevant specification

a)
b)

c)
d)

dimensional details of the gauge(s) for pre-conditioning;
dimensional details and mass of the gauge(s) for checking the retention force;

when required the insertion force of the pre-conditioning gauge(s);
any deviation from the standard test procedure.

9.3.5 Centre contact captivation

9.3.5.1

Procedure

Free corlnectors shall be fitted with an appropriate cable and fixed connesfors with ad wtre.

An axial

smoothly
tude, the

9.3.5.2

After ren

9.3.5.3

a) af
b) m
c) ar

936 &

9.3.6.1

Engager]
mechani
involve

coupling

a torque

ling
tion
the

NOTE - Connectors with threaded coupling nuts are covered by 9.3.11.

9.3.6.2

Procedure

The test shall be carried out on connector pairs or with a gauge if specified by the relevant
specification. There shall be five successive cycles of engagement and separation on the
same test specimens. The forces and torques as applicable shall be measured on the fifth

cycle.
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9.3.6.3 Requirement

The insertion force and the coupling torque shall not exceed the value specified by the
relevant specification. The momentary maximum decoupling torque and withdrawal force
shall be within the limits specified by the relevant specification.

9.3.6.4 Information to be given in the relevant specification

a) maximum value of insertion force and coupling torque, where applicable;

b) momentary maximum and minimum values permitted for the decoupling torque,
where applicable, and the withdrawal force;

c) any deviation from the standard procedure.

9.3.7 Mechanical tests on cable fixing
9.3.7.1  Object

To|determine whether the device for fixing or clampifig
forces and/or torques are applied to the attached

active when tensile

9.3.7.2  Effect of cable rotation (nutation
9.3.7.3 Procedure

The cable as specified in the releve cifica connector

The length of the cab it qus e times the specified minimum cable bending
radius. '

The conne ‘
such an amou 3

griient way and the free end of the cable deflected to
ending radius will be obtained. Holding this|deflection
co be moved along a circle in a plane perpendicular to
the a/prescribed number of revolutions (nutations). During this
pre levshal\not rotate within the attachment to the connector.

After the test, the cable shall not show any sign of deterioration due to rubbing.

9.3.7.5 Information to be given in the relevant specification

a) necessary characteristics of the appropriate cable;

'b) minimum bending radius of the cable;
c) number of revolutions (nutations) in each direction if other than 10;
d) any deviation from the standard test method.
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9.3.8 Effectiveness of clamping device against cable pulling

9.3.8.1 Procedure

The cable as specified in the relevant specification shall be attached to the connector(s) in
accordance with the manufacturer’s instructions. Unless otherwise specified the cable
length shall be 100 mm to 150 mm. The connector shall be suitably fixed.

A tensile force as specified by the relevant specification shall be applied to the free end of
the cable. If connectors are fitted to both ends of the cable the force shall be applied
between the two connectors along the common axis of the cable and cable outlets. Unless
otherwise—specifiedtheforce—shall- be—applied for-a-period—of-640 inipomand—n the
case of a single connector, at a distance of at least 50 mm minimum from

If explicitly specified, the reflection factor shall be measured.

9.3.8.2 | Requirements

Neither the dielectric nor the sheath shall have moved in relatio
connector(s).

able outlet of the

If specified, the reflection factor shall

9.3.8.3 | Information to be given in theT

a) chle to be used and

b) v
minimum from cable outlets

c) dJrationc@
d) rgquirements’t

e) a

9.3.9

9.3.9.1

The caljle as specified in the relevant specification shall be attached to the connector in
accordance with thé manufacturer’s instructions. Unless otherwise specified the ¢able
length SEH‘l‘l’b‘E‘TOﬁ‘ITI‘m’TU‘TﬁG T

The assembled connector shall be held or clamped in a horizontal position. A bending
force shall then be applied to the cable by attaching to its free end a mass, sufficient to
cause the cable to assume its minimum bend radius commencing at the point of cable
entry into the connector.

The mass is then removed and the cable returned to its original straight position. These
operations shall be regarded as one bending cycle.

The number of bending cycles shall be prescribed by the relevant specification.
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9.3.9.2  Requirements

After the test, the cable shall still be firmly attached to the connector with no visible
deterioration of the connector-to-cable junction.

9.3.9.3 Information to be given in the relevant specification
a) type of cable to be used;
b) minimum bending radius of the cable;

¢) length of cable from cable outlet to point of attachment of the mass if other than
100 mm to 150 mm;

e) number of bending cycles;
f) any deviation from the standard test method.

9.8.10 Effectiveness of clamping device against cable tg

9.8.10.1 Procedure

The cable as specified in the relevant specification shall. be ched in accogiance with

the manufacturer’s instructions. Unless othe ecified the tength of the cabjle shall be
10 ¢ SUj

An s to the free end of the straight
cdble. Unless otherwise specified e shall be applied at a distance pf at least
5@ RS S minimum.

9.8.10.2  Require

The cable sZall
9.3.10. 0

9.B. of coupling mechanism

9.3t 1—Object

To determine the mechanical ability of the coupling mechanism to withstand an axial
tensile force and, additional in the case of screw coupled connectors, a proof torque.

9.3.11.2 Procedure

An axial tensile force shall be applied smoothly to mated connector pairs the coupling of
which, in the case of screw coupled connectors, has been tightened to the normal coupling
torque.
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In the case of screw coupled connectors, the coupling is then additionally tightened to the
proof torque and loosened again three times.

Unless otherwise specified the applied force shall be maintained for a period of 60 s minimum.

9.3.11.3  Requirements

No damage shall occur and the coupling mechanism shall not fail.

If required by the relevant specification, the connector pairs shall then be subjected to
the tests and measurements of 9.3.6 and shall meet the requirements specified by the
relevant specification.

9.3.11.4| Information to be given in the relevant specification
a) vglue of the force and method of application;
b) duyration of application of the force;
¢) value of normal coupling torque;
d) value of proof torque;

e) number of connector pairs to be tested;

f) rgquirement whether or not the tests and 3.3.6 shall be applied;
g) a

9.3.12

9.3.12.1] Procedure

Mated spts of connectors sha ! i¢d.to a bending moment in such a way that the

coupling mechanism i

One of the con@ 3

connector), or by
produce

er by the normal means of attachment ({ixed
np (free connector). The bending moment shall be
o/ the connector axis at a suitable distance fronj the

referenc iate a special mechanical test plug shall be used for|this
purpose : :
NOTE i f producing the bending moment causes also a shearing force which may bqg kept
small { i

9.3.12.2| .<{Requirements

No damage shall occur and the coupling mechanism shall not fail.

The connector pairs shall then be subjected to the tests and measurements of 9.3.6 and
shall meet the requirements specified by the relevant specification.

9.3.12.3 Information to be given in the relevant specification
a) value of the force and the point of its application;
b) duration of application of the force;
c) any deviation from the standard test procedure.
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9.3.13 Bump

9.3.13.1 Procedure

69-1© IEC

The bump test shall be carried out in accordance with IEC 68-2-29, on mated pairs of

co

nnectors.

The connectors shall be attached to a suitable length of appropriate cable and the mated
pair of connectors mounted in one of the following ways as prescribed by the relevant

sp

With a) and c) the arrangements for mounting, and for cf3
9.1

Urless otherwise specified, the severities indicdted innthe

ch

ecification:

a) clamping both the connectors and the cable;

c) if one of the connectors is a fixed style, this connector s
intended means;

.1 unless otherwise specified.

ant specificatio
psen from the following preferred values

using the

eccables shall be as in

iIn shall be

< %m X

Peak acceleratipn Duration
(\ Number of bumps in
W\) > each specified direction
g equivalént m/s?) \

N ~

ms

15 6 4000 + 10
40 6 1000 + 10
6 4000 + 10

iffed bumps

9.3.13.2 Information to be given in the relevant specification

a) appropriate cable to be used and its length;
b) details of mounting of connectors and cables;
c) severities;

d) directions and sense of conditioning;

e) performance requirements;

f) any deviation from the standard procedure.
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9.3.14

9.3.14.1

Shock

Procedure

The shock test shall be carried out in accordance with IEC 68-2-27, on a mated pair of
connectors.

The connectors shall be attached to a suitable length of appropriate cable and the mated
pair of connectors mounted in one of the following ways as prescribed by the relevant

specifica

tion:

a) clamping of both the connectors and the cable;

b) clampi

c) if
inteng

With a)
as in 9.1

The shotk test severity to be prescribed by the releva

selected

and c) the method of mounting and arrangements for clz

ed means;

.1 unless otherwise specified.

from amongst the following preferred values/

Peak acceleration
Pulse shape

o @m

300 half-sine
5 half-sine
1000 6 half-sine

The rele
shall be

During ¢
in9.2.4,

all’state in which directions and senses the specified sh
e numbeér of shocks.

g the

Il be

1, be

pcks

ified

9.3.14.2

Information to be given in the relevant specification

a) appropriate cable to be used and its length;
b) details of mounting of connectors and clamping of cables if other than in 9.1.1;
c) severities;

d) directions and senses of shocks;
e) performance requirements;

f) any deviation from the standard procedure.
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9.4 Climatic conditionings and tests

9.4.1 Introduction

9.4.11  Survey of conditionings

The climatic conditionings and tests comprise the following:

a) connectors of the climatic categories x/x/21 and x/x/56 shalil be subjected to the
climatic sequence based on the standard climatic sequence in clause 7 of IEC 68-1,
consisting of the individual conditionings:

dry heat; Test Ba, of IEC 68-2-2;

cold; Test Aa, of IEC 68-2-1;

low air pressure; Test M, of IEC 68-2-13;

damp heat, cyclic; remaining cycle(s) of Test Db
b) test Ca; Damp heat, steady state, of IEC 68-2-3;
c) test Na; Change of temperature, of IEC 68-2-14
d) test Q; Sealing, of IEC 68-2-17;
e) test Ka; Salit mist, of IEC 68-2-11;
f) ;

g)

9.4.1.2

From a sub-sa

sequent recqver
number sh

and sub-
d half the

dched to cable connectors and the free ends prepared
and outer conductors can be electrically conmected for

refléction factor (see 9.2.1).

The climatic severities for the low and high temperatures, and the duration of the damp
heat, steady state, exposure shall correspond to the climatic category of the connector, as
prescribed in the relevant specification.

If applicable, the specimens shall be pre-conditioned and then visually examined and
electrically and mechanically checked prior to subjecting them to the conditionings
and tests, as prescribed in the relevant specification.
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9.4.2 Climatic sequence
9.42.1 Procedure

The climatic sequence shall be carried out in accordance with Test Z/ABDM using the
procedure and severities specified in the relevant specification. Unless otherwise
prescribed Procedure 1 shall be used for qualification approval testing.

Unless otherwise prescribed in the relevant specification the low air pressure test (Test M)
shall be carried out at a pressure of 4,4 kPa (44 mbar) for a duration of 1 h. During the
last 5 min of the conditioning the low air pressure proof voltage prescribed in the relevant
specification shall be applied. There shall be no breakdown or flash over.

NOTE| - For test purposes 4,4 kPa (44 mbar) is considered to be the approximate equiv, t airprgssure
at altijudes of 70 000 feet (approximately 20 km).

9.4.2.2 | Concluding tests

The insulation resistance and voltage proof tests to be In of

removal from the chamber.

e conditioning;
procedure;

e) njinimum value of i i ista igh temperature;

—ry
~—

9.43
9.4.3.1

This tegt shall carpied out in accordance with Test Ca of IEC 68-2-3, using the appro-
priate degree of sevérity.

Immediately after removal of the specimens from the chamber they shall be shaken to
remove surface moisture and within 15 min the sea-level environmental test voltage as
specified in the relevant specification shall be applied between the centre and outer
conductor(s) of the connectors for 5 min. In the case of tri-axial connectors, an appropriate
test voltage as specified in the relevant specification shall be applied between the outer
conductor and screen. There shall be no breakdown or flashover.

The specimens shall then be exposed to the standard atmospheric recovery conditions
for1 h30to 2 h.
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At the conclusion of the recovery period the connectors shall meet the requirements of the

relevant specification for the following properties, unless otherwise specified:

Mated connectors Unmated connectors
a) Contact resistance a) Insulation resistance
b) Voltage proof b) Voltage proof
¢) Visual inspection ¢) Contact resistance on resilient contacts
individually
d) Visual inspection
NOTES
ho insulation yithin 30 min
of the recovery period.
2 The mated connectors should not be disturbed prior to the contact resjsta ent.
9.4.3.3 Information to be given in the relevant specifica
a) voltage for the test immediately after conditioni
b) requirements for the final measurements;
c) any deviation from the standard proced
9.4.4 Rapid change of temperdture
9.4.41  Procedure
This test shall be carried out in ac cor i Na of IEC 68-2-14.
The low conditionirg terperat halhbe the’low category temperature, and the high
temperature the hi ature of the specimens
Urless otherwise i glevant specification the number of cycles shall
bel five, th it i i riin and the duration of exposure at each|of the two
temperatures’30 minA»~ jer period of exposure may be prescribed by the releyant speci-
ficption if requ S al equilibrium is achieved.
At e specimens shall be subjected to standard atmospheric
co h30to2h.
9.1 and measurements
At[the ce on of the recovery period, the connectors shall meet the requifements of
tht relevant specification for the following properties, unless otherwise specified
ctors Unmated connectors
a) Contact resistance a Insulation resistance
b) Voltage proof b) Voltage proof
¢) Visual inspection ¢) Contact resistance on resilient contacts
individually
d) Sealing
e) Visual inspection
NOTES

1 The insulation resistance measurement and the voltage proof test should be carried out within 30 min

of the recovery period.

2 The mated connectors should not be disturbed prior to the contact resistance measurement.
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9.4.4.3 Information to be given in the relevant specification
a) requirements for the final tests and measurements;
b) any deviation form the standard test procedure.

9.45 Sealing

9.4.5.1  Non-hermetic sealed connectors

9.4.5.1.1 General

Non-hermetic sealed connectors are connectors with seals of any kind whose leakage may
have a

Dout

The con
a test injone direction only, as for type A seals, is considered sz

9.4.5.1.9 Procedure
The test|shall be carried out in accordance with Test \Qa

Panel s¢aled, as well as panel and barrier & $ (thus fixed conneciors)
shall be S 2 the
applicatipn of the required air pressure

Free comnectors fitted
them with an appropr

panel sefal to the test jig
connectors.

Free co
ately se
gland of

ting
h a
ted

arrier seal, but no mating face seal, shall be appropri-
ay be achieved by means of a constricting compression

9.4.5.1.3 Reéquirements

At the standard pressure difference of 100 kPa to 110 kPa (1 bar to 1,1 bar), the leakage
rate shall not exceed the limit given by the relevant specification; in no case, however,
shall it exceed 1 bar cm3/h.

9.4.5.1.4 Information to be given in the relevant specification

a) requirements for pressure;
b) requirements for leakage rates;
¢) any deviation from the standard test procedure.
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9.4.5.2 Hermetically sealed connectors

9.4.5.2.1 Procedure

The test shall be carried out in accordance with Test Qk of IEC 68-2-17, using the tracer
gas procedure covered by amendment 3.

The last sentence of note 2 in 6.2 of amendment 3 shall be disregarded. However, to
ensure that an undetected shift in the sensitivity of the set-up has not occurred during the
test period, the calibration of the system shall be re-checked using the reference leak at

the conclusion of testing.
t pefiod, it will
ibration| has been

Fof quantitative measurements, the test set-up shall be cdlibrs i libfated leak
in place of the connector to be tested.

In fhe event of a significant change occurring in the calibration durifig a
be[necessary to retest the connector(s) involved once the stabili
re4established.

-

p

Th
10

ioned above shall n¢t exceed
gscribed by the relevant spegification.

tests, the cable connectors shall have the appropriate cable
ee ends treated to prevent ingress of moisture. Unless [otherwise
prescribed s elevant specification, half of the specimens shall be mated and half un-

aft-mist{corrosiomn)

This test shall be carried out in accordance with Test Ka of IEC 68-2-11. Unless otherwise
prescribed, the duration of spraying shall be 48 h.

At the conclusion of the recovery procedure and period, the connectors shall meet the
requirements as follows, unless otherwise prescribed by the relevant specification:

a) visual inspection;

b) engagement and separation shall be achievable by hand, or in the normal manner.
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9.4.6.2  Salt mist, cyclic (marine environment)

This test shall be carried out in accordance with Test Kb of IEC 68-2-52, at the severity
prescribed by the relevant specification which may also prescribe the use of the simulated
sea-water solution given in annex A of this specification. The unmated connectors shall be
fitted with protective covers.

Within 15 min. after removal from the chamber at the conclusion of the conditioning, the
relevant environmental test voltage shall be applied to the connectors between the centre
and outer conductors for 5 min. There shall be no breakdown or flashover. The connectors
shall then be washed as indicated in the specification. At the conclusion of the recovery
period, measurements shall be made on the mated sets of connectors as below:

Mated| connectors Connectors with protective caps
a) inner and outer conductor a)
continuity b)
b) insulation resistance c)
c) voltage proof d)

d) visual inspection
e) separation and engagement
aghievable in the normal manner

9.4.7 Dust

Under cpnsideration

9.4.8 Bulphur dioxide tes

9.4.8.1 Procedure

This test shall be garril in\a ith Test Kc of IEC 68-2-42. Unless othenwise
specifiefl, the difect\inje ) gl iven
in annex A of the publicati

NOTE| -

The dur ably,
be seleq

The specime mos-
phericr i

9.4.8.2 Final tests and measurements

At the conclusion of the recovery period, the connectors shall meet the requirements of
the relevant specification for the following properties, unless otherwise specified:

Mated connectors Unmated connectors
a) Contact resistance a) Contact resistance, immediately after
b) Visual inspection first engagement of pairs

b) Visual inspection

NOTE - The mated connectors should not be disturbed prior to contact resistance measurement.
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