IEC 61238-1-1:2018-05(en)

IEC IEC 61238-1-1

o
®

Edition 1.0 2018-05

INTERNATIONAL
STANDARD

>
N
OWQ
%"
o3
v
(b'\

O
NS
&

Compression and mechanical connectors fo§®<$ver cables —
Part {|-1: Test methods and requirements f% ompression and mechanical
connrctors for power cables for rated voib\ges up to 1 kV (Un, = 1,2 kV) tested on
nsulated conductors \‘90

D
R\4

non-



https://iecnorm.com/api/?name=b010cd4d909825d87805079cce633167

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2018 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

About the IEC

The Intgrnational Electrotechnical Commission (IEC) is the leading global organization that prepares and.f
Internatipnal Standards for all electrical, electronic and related technologies.

About IEC publications
The technical content of IEC publications is kept under constant review by the IEC. Please make,sure that you
latest edjtion, a corrigenda or an amendment might have been published.

IEC Catglogue - webstore.iec.ch/catalogue

Electropedia - www.electropedia.org

ublishes

have the

The stgdnd-alone application for consulting the entre  The world's leading online dictionary of electrpnic and
bibliographical information on IEC International Standards, electrical terms containing=21 000 terms and defipitions in
Technicdl Specifications, Technical Reports and other  English and French, with equivalent terms in 16 additional
documerts. Available for PC, Mac OS, Android Tablets and  languages. Also knéwn-as the International Electrdtechnical
iPad. Vocabulary (IEV) online.

IEC publications search - webstore.iec.ch/advsearchform IEC Glossary -'std.iec.ch/glossary

The advgnced search enables to find IEC publications by a 67 000 electrotechnical terminology entries in English and
variety [of criteria (reference number, text, technical  French-extracted from the Terms and Definitions lause of
committee,...). It also gives information on projects, replaced IEC publications issued since 2002. Some entries hpve been
and withdrawn publications. colleeted from earlier publications of IEC TC 37, 71, 86 and
IEC Just| Published - webstore.iec.ch/justpublished ORPR.

Stay up fo date on all new IEC publications. Just Published IEC Customer Service Centre - webstore.iec.ch/c$c

details ajl new publications released. Available online and

also oncg

a month by email.

If you wish to give us your feedback on this publication or

need further assistance, please contact the Customq
Centre: sales@iec.ch.

r Service



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:sales@iec.ch
https://iecnorm.com/api/?name=b010cd4d909825d87805079cce633167

IEC 61238-1-1

Edition 1.0 2018-05

INTERNATIONAL
STANDARD

Compression and mechanical connectors forpower cables —
Part I-1: Test methods and requirements for.compression and mechanical
connectors for power cables for rated voltages up to 1 kV (U, = 1,2 kV) tgsted on
non-{nsulated conductors

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 29.060.20 ISBN 978-2-8322-5645-9

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=b010cd4d909825d87805079cce633167

-2- IEC 61238-1-1:2018 © IEC 2018

CONTENTS

FOREWORD ...ttt et et e e e et et e e et et e e e e e e e e e e e e e e e e e eanaeenns 4
INTRODUGCTION ..ottt et et e e e e e e e e e e e e et et e e e e e aa e e et e e an s e et e an e eenaeeneeen 6
1 oo ] o1 S PP 7
2 NOIMALIVE FTEIEIENCES . oviiiiii e e e e eas 7
3 Terms and definitioNs ... s 7
4 03770 01 o Yo - 9
T C 1= o =1 - P PTPPR 10
5.1 DefiNITION OF ClasSSeS .. e e e eneenennrneennnennnniennnneg e eeenas 10
5.2 1070 0 To LT o (o] L0 PEPRPPREA Sl S 11
5.3 Connectors and installation procedure ..o 11
5.4 Range of approval.........coooiiiiiii e e e 11
6 Ellectrical testS ..o Ol e 12
6.1 Installation ... L T 12
6.11.1 General oo 12
6./1.2 Through connectors and terminations ................e.8 i e 13
6.1.3 Branch connectors..........oooiiiiiiiiii e N 13
6.2 MEASUIEMENTS ..o e et 13
6.R.1 General ..o e 13
6.p.2 Electrical resistance measurements..... ..o e 14
6.R.3 Temperature measurements ........ 0 e e 14
6.3 Heat cycling test ... e 14
6.B.1 GENETAl e e e 14
6.8.2 First heat CycCle ...t e 15
6.8.3 Second heat CYCIe ...t e 15
6.B.4 Subsequent heat CYCIeS ..o 17
6.4 Short-circuit test for connectors according to Class A .......coooviiiiiiiniiniinn 17
6.4.1 GENEIAl e e e 17

6.4.2 Aluminium-conductors with cross-sectional areas below 1 000 mm2 and
copper_conductors with cross-sectional areas below 630 mm2...oeoee 18

6.4.3 Aluminigm conductors with cross-sectional areas = 1 000 mm?2 and

copper conductors with cross-sectional areas = 630 MM2. e o, 18
6.5 ASSESSMENT Of FESUILS ...eeieiiii e e 19
6.6 REQUINEMENTS ... e e 19
6.7 Examples of electrical test loop configurations and associated parameters....J...... 19
7 /= o =1 = 1B 21 PN 25
7.1 LT 1= - 1 PPN 25
7.2 MO e e e 25
7.3 =T LT =T 0 =T o) £ 25
G T == = o Yo £ N 26
8.1 LT 1= - 1 PPN 26
8.2 EleCtriCal 1eSES oo s 26
8.3 MeChaniCal 1St ..o e 26
Annex A (normative) Equalizers and their preparation.............ccccooiiiiiiiii i, 27
A1 Requirements for eqUAlIZEIS ......couiinii i 27
A.2 Recommendations for welding equalizers ............coiiiiiiiiiii e, 27

Annex B (normative) MeasUrEmMeENES ......cceuiiiiiiiii e 29


https://iecnorm.com/api/?name=b010cd4d909825d87805079cce633167

IEC 61238-1-1:2018 © IEC 2018 -3-

B.1 Potential measuring positions for typical connectors ............ccoooiiiiiiiiiinin, 29
B.2 Temperature MeasUrEemMENt ... ... e 29
B.3 Equivalent conductor reSiStancCe ..o 29
Annex C (informative) Recommendations to decrease uncertainties of measurement .......... 30
C.1 Handling the test 100D ..o 30
C.2 Measurements, instruments and readings .........coouviiiiii i 30
Annex D (normative) Calculation of adiabatic short-circuit current....................cooiiiinn. 31
Annex E (informative) Determination of the value of the short-circuit current........................ 32
Annex F (normative) Calculation method...........cooiiii i 33
F.1 General.. o ] 33
F.2 Measurements Made ... . ..o 33
F.3 Connector resistance factor k..o ST 33
F.4 Initial scatter & ... e e 34
F.5 Mean scatter ... Ol 34
F.6 Change in resistance factor of each connector..................... Q. 36
Fp.1 General ... G e 36
FpB.2 Line of best fit. ..o A 36
Fp.3 Confidence interval &j....................Le WY 36
Fp.4 Change in resistance factor D.............ooon S e 37
F.7 Resistance factor ratio A........cooooviniinii e N e 37
F.8 Maximum temperatures Oppgy «-ooooooeeeeeeeenaies S 37
Annex|G (informative) Explanation on assessment.of results of electrical tests on
(oTo] o Y=T o3 o = T o PRSP I 38
G.1 [ 1S3 o] VPPN 38
G.2 Short examination of the assessment methods of IEC 61238-1 compared
with the Italian standard CEI-20-28 and the British standard BS 4579-3.........{...... 38
G.3 The IEC 61238-1 method 6f-assessing testresults..........coooviviiiiin o, 39
Bibliography ..ot e e 41
Figure|1 — Example of second heat cycle profile ........ccoooiiiiiiiiin e 17
Figure|2 — Typical electrical test loops for through connectors and terminal lugs............]...... 21
Figure|3 — Typical«electrical test loop for branch connectors ..........ccocoiiiiiiiiinnn o, 22
Figure|4 — Typical cases of resistance measurements ............cccceeeiiiiiiiiiiieieieeeeee e, 24
Figure|A.1 ~Preparation of equalizers ... e 28
Figure|EXM ~ Determination of equivalent RMS value of current during the short-circuit tgst ..32

Figure F.1 — Graphic example of assessment of a Class A individual connector.................... 35
Table 1 — Minimum period of temperature stability ... 15
Table 2 — Electrical resistance measurements during the electrical test...................cooii. 17
Table 3 — Electrical test requUIremMents ... ... 19
Table 4 — Selection of tensile force withstand values for the mechanical test........................ 25
Table D.1 — Material Properties ... ... e 31

Table G.1 — Summary of assessed behaviour of a tested connector......................l. 40


https://iecnorm.com/api/?name=b010cd4d909825d87805079cce633167

-4 - IEC 61238-1-1:2018 © IEC 2018

INTERNATIONAL ELECTROTECHNICAL COMMISSION

COMPRESSION AND MECHANICAL
CONNECTORS FOR POWER CABLES -

Part 1-1: Test methods and requirements for compression and
mechanical connectors for power cables for rated voltages up to 1 kV

— =12 k\V)-tested-onnon-insulatedconductors———
FOREWORD

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization comnprising
all national electrotechnical committees (IEC National Committees). The object of YEC is to [promote
interhational co-operation on all questions concerning standardization in the electrical~and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifjcations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to ps “IEC
Publ|cation(s)”). Their preparation is entrusted to technical committees; any IEG National Committee interested
in tHe subject dealt with may participate in this preparatory work. International, governmental apd non-
govgrnmental organizations liaising with the IEC also participate in this @reparation. IEC collaborateq closely
with [the International Organization for Standardization (ISO) in accordance with conditions deternmjined by
agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters expfess, as nearly as possible, an inteqfnational
consfensus of opinion on the relevant subjects since each technical committee has representation [from all
interpsted IEC National Committees.

3) IEC [Publications have the form of recommendations for .international use and are accepted by IEC National
Compmittees in that sense. While all reasonable efforts_are made to ensure that the technical content of IEC
Publ|cations is accurate, IEC cannot be held respensible for the way in which they are used or|for any
misipterpretation by any end user.

4) In ogder to promote international uniformity, IE€ National Committees undertake to apply IEC Pubjications
trandparently to the maximum extent possible”in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indjcated in
the Iatter.

5) IEC ftself does not provide any attestation of conformity. Independent certification bodies provide cgnformity
assessment services and, in some\areas, access to IEC marks of conformity. IEC is not responsiblel for any

erts and
mage or
es) and
her IEC

htions is

bject of

International Standard IEC 61238-1-1 has been prepared by IEC technical committee 20:
Electric cables.

This first edition, together with IEC 61238-1-2 and IEC 61238-1-3, cancels and replaces
IEC 61238-1:2003.

This edition includes the following significant technical changes with respect to
IEC 61238-1:2003:

a) The scope has been widened to cover connectors for copper conductors from 10 mm?2
down to 2,5 mm2 and has been limited to 1 200 mm?2 for connectors for copper and
aluminium conductors because test experience and applications are rare for conductors of
larger cross-sectional areas.
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b) Two new mechanical classes have been introduced to satisfy the demand for connectors
subjected to no mechanical force and for connectors subjected to higher mechanical
forces than those specified in Class 1 for conductors of larger cross-sectional areas.

c) For the electrical test, a maximum elevated heating current has been set in order to avoid

unrealistic current densities during testing which may change properties of
connectors.

d) For the short-circuit test, the method of calculation and requirements have been upd
e) For the mechanical test, the methods and requirements have been updated.

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

tested

ated.

FDIS Report on voting
20/1788/FDIS 20/1803/RVD

Full information on the voting for the approval of this International Standard can be fd

the regort on voting indicated in the above table.
This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 61238 series, published under the‘general titte Compressi
mechahpical connectors for power cables, can be found on the<|[EC website.

The cdmmittee has decided that the contents of this document will remain unchanged u
stability date indicated on the IEC website under "http¥//webstore.iec.ch" in the data rel
the spécific document. At this date, the document will*be

e recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e amgnded.

A bilingual version of this publication may be issued at a later date.

und in

bn and

ntil the
ated to
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INTRODUCTION

The IEC 61238 series has been divided into the following parts:

Part 1-1:

Part 1-2:

Part 1-3:

Test methods and requirements for compression and mechanical connectors for
power cables for rated voltages up to 1 kV (U, = 1,2 kV) tested on non-insulated
conductors

Test methods and requirements for insulation piercing connectors for power
cables for rated voltages up to 1 kV (U, = 1,2 kV) tested on insulated conductors

Test methods and requirements for compression and mechanical connectors for

This P

power cables for rated voltages above 1kV (U, =1,2kV) up to

30 kV

(Un, = 36 kV) tested on non-insulated conductors

art 1-1 of IEC 61238 deals with type tests for compression and mechanicakgconr

for usg¢ on copper or aluminium conductors of power cables for rated voltages” up f{

(Up =

When

1,2 kV).

b design of connector meets the requirements of this document,cthen it is expect

in servjce:

a) the resistance of the connection will remain stable within specified limits;

b) theg temperature of the connector will be of the samexorder or less than that
conductor during current heating;

c) ift
d) ind

e intended use demands it, application of shortscircuit currents will not affect a)
lependently from the electrical performance; conforming axial tensile strengd

engure an acceptable mechanical performance for the connections to the
conductors, when applicable.

It should be stressed that, although the object of the electrical and mechanical tests sp

in this
not ne
virtue

subjec

document is to prove the suitabilityf connectors for most operating conditions, {
cessarily apply to situations where a connector may be raised to a high tempera
bf connection to a highly ratedvplant, to corrosive conditions, or where the conng
ed to external mechanical stresses such as excessive vibration, shock ang

displagement after installation” In' these instances, the tests in this document may nee

supple

This d

mented by special tests agreed between supplier and purchaser.

bcument does mnot/invalidate existing approvals of products achieved on the b

national standardse and specifications and/or the demonstration of satisfactory {
performance. However, products approved according to such national standa

specifi

Once

cations egannot directly claim approval to this document.

ectors
o 1kV

bd that

of the

and b);

th will
cable

ecified
hey do
ure by
ctor is

large
1 to be

asis of
service
ds or

successfully completed, these tests are not repeated unless changes are mrlade in

materigalmanufacturing process and design which might adversely change the cornnector
performance characteristics.
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COMPRESSION AND MECHANICAL
CONNECTORS FOR POWER CABLES -

Part 1-1: Test methods and requirements for compression and

mechanical connectors for power cables for rated voltages up to 1 kV

(U, =1,2 kV) tested on non-insulated conductors

1 Sgepe

This part of IEC 61238 applies to compression and mechanical connectors for pewer |cables

for ratgd voltages up to 1 kV (U, = 1,2 kV), for example buried cables or cables”instglled in

buildings, having

a) conductors complying with IEC 60228 having nominal cross-sectional areas bg¢tween
2,5 mm?2 and 1 200 mm?2 for copper and between 16 mm?2 and 1 200 mm? for aluminjum;

b) a maximum continuous conductor temperature not exceeding 90 *C.

This dpcument is not applicable to connectors for overhead line*¢onductors nor to connectors

with a pliding contact.

The olject of this document is to define the type test/methods and requirements which apply

to compression and mechanical connectors for power cables with copper or aluminium

condugq

2 N

tors. The reference method is to perform the-tests on unused conductors.

p)rmative references

The fo
conten

cited applies. For undated references, the latest edition of the referenced document (in
any ampjendments) applies.

IEC 60050-461, International Electrotechnical Vocabulary — Part 461: Electric

(availa
IEC 60

IEC 60
mean

lowing documents are referred,to in the text in such a way that some or all ¢
constitutes requirements. of“this document. For dated references, only the

le at http://www,electropedia.org)
228, Conductors of insulated cables

49341, Guide for the statistical analysis of ageing test data — Part 1. Methods ba
alues of normally distributed test results

f their
edition
cluding

cables

sed on

IEC 60

IEC 60

949:1988, Calculation of thermally permissible short-circuit currents, taking into
account non-adiabatic heating effects

949:1988/AMD1:2008

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-461 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following

addres

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

e |SO Online browsing platform: available at http://www.iso.org/obp
3.1
connector

<of cables> device for connecting a conductor to an equipment terminal or for connecting two
or more conductors to each other

[SOURCE: IEC 60050-461:2008, 461-17-03, modified — the definition has been revised.]

device|for connecting two consecutive lengths of conductor together

[SOURCE: IEC 60050-461:2008, 461-17-04, modified — the term "joint ferrule" hag been
deleted and the definition revised.]

3.3
branch connector
device|for connecting a branch conductor to a main conductor atcan intermediate point{on the
latter

[SOURCE: IEC 60050-461:2008, 461-17-05, modified —<the term "branch ferrule" hag been
deleted and in the definition "metallic" has been deleted.]

3.4
terminjation
devicelfitted to the end of a cable conductor to.ensure electrical connection with other garts of
the sygtem

[SOURCE: IEC 60050-461:2008, 461-10-01, modified — "conductor" has been added and "and
to mainptain the insulation up to the point of connection" has been deleted.]

3.5
terminfal lug
device(to connect a cable’conductor to other electrical equipment

[SOURCE: IEC 60050-461:2008, 461-17-01, modified — "metallic" has been deleted.]

3.6
palm
<of termitallug> part of a terminal lug used to make the connection to electrical equipment

[SOURCE: IEC 60050-461:2008, 461-17-07]

3.7

barrel

<of terminal lug, of connector, etc.> part of a device into which the conductor to be connected
is introduced

[SOURCE: IEC 60050-461:2008, 461-17-06]

3.8

reference conductor

length of unjointed bare conductor or conductor with the insulation removed, which is included
in the test loop and which enables the reference temperature and reference resistance to be
determined
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arrangement used in the test loop to ensure a point of equipotential and uniform current

distribution

3.10

in a stranded conductor

compression jointing
method of securing a connector to a conductor by using a special tool to produce permanent
deformation of the connector and the conductor

3.11

Liointina
cd -4

mechzn.u:a
method of securing a connector to a conductor, for example by means of a bolt @r| screw

acting pn the latter or by alternative methods

3.12

mediah connector

connegtor which during the first heat cycle records the third highest témperature of the six

connegtors

3.13
conductor

<of a dable> part of a cable which has the specific function aefyearrying current

[SOURCE: IEC 60050-461:2008, 461-01-01]

3.14

family|of connectors

in the test loop

group of connectors of a manufacturer to be considered of the same design criteria, thg same

material characteristic and the same installation procedure

4 Symbols

A nominal cross-sectional area of the conductor

D change in the resistance factor of the connector

1 direct currefitflowing through a connection during resistance measurement

Irms equivalent-RMS short-circuit current

IN alternating current necessary to maintain the reference conductor at its
equilibrium temperature

I direct current flowing through the reference conductor/conductors during
resistance measurement

k connector resistance factor: ratio of the resistance of a connector to that of the
resistance of the equivalent length of the reference conductor

kg initial connector resistance factor: ratio of the resistance of a connector to that of
the resistance of the equivalent length of the reference conductor at cycle no. 0

l4: Iy, I;  lengths of each connector assembly associated with the measurement positions
in the test setup after installation

I length of the reference conductor between measurement positions

R measured resistance value of connector/conductor installation under an electrical test
corrected to 20 °C

R, measured resistance value of the reference conductor corrected to 20 °C

R length related calculated resistance value of a connector under an electrical test

corrected to 20 °C
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heating time

ty time necessary for the connectors and the reference conductor to cool to a value
equal to or less than 35 °C

U potential difference between measurement positions while current I is applied

U, potential difference between measurement positions on a reference conductor
while current I, is applied

a temperature coefficient of resistance at 20 °C

i3 mean scatter of the connector resistance factors

S initial scatter of the connector resistance factors

A resistance factor ratio: the actual resistance factor of the connector at|each
measurement stage divided by its initial resistance factor

0 temperature of a connector

nax maximum temperature recorded on a connector over the total speriod of test

during heat cycling

Or temperature of the reference conductor determined in the first-heat cycle

Oref temperature of the related reference conductor at the ) moment of measuring
‘gmax

5 General

5.1 Definition of classes

Although it

followihg requirements have been identifieds

a) Eldctrical requirements:

Cldss A

is not possible to define preciselysthe service conditions for all applicatiops, the

These are connectors intended for electricity distribution or industrial networks in| which
thely can be subjected to-short-circuits of relatively high intensity and duration| As a

consequence, Class A sonnectors are suitable for the majority of applications.

Cldss B

The¢se are connéctors for networks in which overloads or short-circuits are rapidly ¢leared

by the installed protective devices, for example fast-acting fuses.
b) Mefhanicalrequirements:

Cldss, 0
Co

ample,

connectors inside switchgear where the cable or conductors are secured or anchored.

Class 1

Connectors subjected to a mechanical pull-out force related to the conductor nominal
cross-sectional area and material (according to Table 4) but limited to a 20 kN pull-out
force. These are for example connectors for underground cable joints.

Class 2

Connectors subjected to a mechanical pull-out force above 20 kN and related to the
conductor nominal cross-sectional area and material (according to Table 4). This Class 2
is only applicable to conductor nominal cross-sectional areas = 400 mm? for copper and
> 630 mm? for aluminium. These are for example connectors in cable installations where
thermomechanical forces are estimated to exceed 20 kN.

Hence, the five classes correspond to the following tests:
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5.2

Class A: heat cycling and short-circuit tests;

Class B: heat cycling test only;

Class 0: no mechanical test;

Class 1: mechanical test with limited maximum tensile force;
Class 2: mechanical test with no maximum tensile force.

Conductor

The following information shall be recorded in the test report:

5.3

The following information shall be recorded in the test report:

5.4

In

conductor material;

norinal cross-sectional area, dimensions and shape;

detpil of conductor construction shall be given when known, or can be determined by
inspection, for example:

e |class according to IEC 60228 (solid, stranded and flexible);
e |compacted or non-compacted for stranded conductor;

e |number and arrangement of strands;

e |type of plating, if applicable;

e |type of impregnation, water blocking, etc., if applicablé:

Connectors and installation procedure

thelassembly method or the installation instryction that is to be used;
tooling, dies and any necessary setting;

if npt part of the delivered product, forlexample at cable conductor termination: boltg, nuts,
washers, lubricant, torque, etc.;

preEaration of contact surfaces;-if applicable, for example cleaning, brushing |and/or
grefsing of inner and/or outericonductor and/or connector surfaces;

ideptification of the connector, for example name of the supplier, drawing, reference
number, type.

Range of approval

gerjeral, tests,"made on one type of connector/conductor combination apply to that

arrangement only. However, to limit the number of tests, when using the same conductor

material, thefaltowing is permitted:

a dohnector which can be used on stranded round conductors or on stranded $ector-
sh pcd condtretors—which—trave—beenr—rounded;—s appluvcd forboth typcb if—satis actory

results are obtained on a compacted round conductor;

a connector which covers a range of consecutive cross-sectional areas shall be approved,
if satisfactory results are obtained on the smallest and the largest cross-sectional areas;

if a connector is a through connector for two conductors of different cross-sectional areas,
shapes, or materials, and if the jointing method and the connector barrels used have
already been tested separately for each cross-sectional area, no additional test is
necessary. If not, and if it is required for bimetallic through connectors, additional tests
shall be made using the conductor having the highest temperature of the two conductors,
as reference conductor;

if a type test for a range taking mechanical connector is passed on the biggest possible
conductor cross-sectional area, this result is also valid for similar connector designs with
the same material of the connector body but bigger outer diameter provided that the
design of the conductor clamping channel (inner diameter, shape, etc.), quantity and
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design of clamping screws (torque, material, size, shear-off characteristic, etc.) are
identical;

— if a manufacturer can clearly demonstrate that common and relevant connector design
criteria were used for a family of connectors, conformity to this document is achieved by
successfully testing the largest, the smallest and two intermediate connector sizes;

exception no.1: for a family of connectors consisting of five sizes, only the largest
connector, the smallest connector, and one connector of a representative intermediate
size need to be tested;

exception no.2: for a family of connectors consisting of four sizes or less, only the
largest connector and the smallest connector need to be tested,;

— If nformity t0a thic A~ nnt 1o ~anhinvad by ciinnnccfilllyy toctina A A~~~y ~- a dr
Afermity—to—this—doecument—is—achieved—by—suceessiuly—testinrg—a—econneetor—or y

corljductor then approval is achieved for the same conductor used in an impregnateqd paper
inspilated cable;

— forconnectors where one or both sides are designed for a range of cross-sectional|areas,
and a common clamping or crimping arrangement serves for the connection |of the
different cross-sectional areas, then mechanical tests on conductors awith the larggst and
smallest cross-sectional areas shall be carried out according to Clause 7 for connectors
acdording to Class 1 or Class 2;

— if cpnformity to this document is achieved by successfully testing a mechanical connector
on [round stranded aluminium conductors, this type test approval can be applied tp solid
aluminium conductors of the same cross-sectional area(s);

— if cdonformity to this document is achieved by successful testing of a through conpector,
thid type test approval can apply to the barrel of a términation which uses the same [design
criteria. Approval of the complete termination*{can be achieved if the termjnation
corlnection does not influence the barrel performance, proven through design parameters,
drawings or through thermal verification tests;

— if gonformity to this document is achieved by successfully testing a connector on a
corlductor with water blocking, approvalis achieved for the same conductor withqut any
waler blocking but not for the same cefductor with different types of water blocking;

— if cpnformity to IEC 61238-1-3 is,achieved by successfully testing a connector, approval is
acllieved for the same classes.and conductors in this document.

6 Electrical tests

6.1 nstallation
6.1.1 General

All conductorstof the same nominal cross-sectional area in the test loop shall be takgn from
the same conductor length.

For eactr—serres—of tests; stx—conmectors—shatt—be—instatted—m—accordance—with the
manufacturer’s instructions, on a bare conductor or on a conductor that has had the insulation
removed before assembly, to form a test loop together with the corresponding reference
conductor.

For stranded conductors, potential differences between the strands at potential measuring
positions can cause errors in measuring electrical resistance. Equalizers according to
Annex A shall be used to overcome this problem and to ensure uniform current distribution in
the reference conductor and between connectors at the equalizer positions. The
recommended method is to prepare equalizers on the test loop before installing connectors.

The test loop shall be installed in a location where the air is calm.

The ambient temperature of the test location shall be between 15 °C and 30 °C.
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For conductor cross-sectional areas above 1 000 mm?2, it is allowed to increase the a

mbient

temperature range of the test location between 15 °C and 40 °C. At the end of the cooling

phase the ambient temperature shall be between 15 °C and 30 °C.

In the case of solid conductors, the potential measuring positions shall be as close as

possible to the connector in order to reduce /, and /,, close to zero.

The test loop may be of any shape according to Figure 2 or Figure 3 provided that it is

arranged in such a way that there is no adverse effect from the floor, walls and ceiling
test loops and adjacent test branches.

To fagiti ;
disassembled as shown in Figure 2 b). In this case, the sectioning connections, sh
influence the temperatures of the test objects during heating.

Retightening of bolts or screws of the connectors under test is not permitted!

6.1.2 Through connectors and terminations

The te$t loop shown in Figure 2 indicates the dimensions that shall be used.

Where|terminal lugs or mechanical connectors for terminal bars*are to be tested, they §

, other

ay be
Il not

hall be

bolted [to linking bars in accordance with the manufacturer's instructions or other r¢levant

standards/specifications defining methods and instructions for fastening terminations.
linking[bars shall, at the point of connection, be of thé/same dimensions and thickness
palm, and also of the same material.

It may be necessary to adjust the thermal characteristics of the linking bar outside the
connedtion, to achieve the temperatures specified in 6.3.

For terminal lugs, the use of linking bars is the recommended test method althoud
alterndtively possible to test terminaklugs with palms connected directly to palms.

If it is [requested that the terminal lug test includes an evaluation of the performance
bolted [palm when connected to a specified plant terminal, then the linking bar method s
used gnd the linking barsends, or an intermediate piece, shall be defined and descr
material, size and surface coating.

6.1.3 Branch.connectors

When the branch connector is intended for a branch nominal cross-sectional area equa
main, ¢r a‘nominal cross-sectional area immediately above or below the main, it is treg

These
as the

oint of

h it is

of the
hall be
bed in

to the
ted as
hrough

a throyighiconnector between the main and the branch, and the test method for t
conne

shown

in Figure 3. Where a type of connector makes it necessary for the main conductor to be cut,

that part of the connector which acts as a through connector, shall also be tested
through connectors.

6.2 Measurements
6.2.1 General

Measurements shall be made at stages throughout the test according to Table 2.

NOTE Recommendations to decrease uncertainties of measurements are given in Annex C.

as for
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6.2.2 Electrical resistance measurements

The resistance measurements shall be made under steady temperature conditions of both the
test loop and test location. The ambient temperature shall be between 15 °C and 30 °C.

The recommended method is to pass a direct current of up to 10 % of the estimated heat
cycling current, through the connectors and the reference conductor, without significantly
increasing the temperature and to measure the potential difference between two specific
potential measuring positions. The ratio of potential difference and direct current is the
electrical resistance between those two positions.

To decrease the uncertainty of the resistance measurement, it is recommended that the direct
curren{ is adjusted to the same value throughout the electrical test.

For branch conductors assembled in accordance with Figure 4, the whole of ther megsuring
curren{ shall flow through that part of the connector whose potential difference is| being
measufed. Switches or disconnecting terminals may be provided for this purpose.

Thermeelectric voltages may affect the uncertainty of low resistance measurements [of the
order of 10 puQ). If this is suspected, the recommended method ‘is to take two resistance
measufements with the direct measuring current reversed betwegen/readings. The mean of the
two readings is then the actual resistance of the sample.

The pqtential measuring positions shall be as indicated.-in{Figure 4 and Annex B. The yarious
lengthg shall be measured individually to enable thevactual connector resistances|to be
determiined. The temperature of connector and refértence conductor shall be recordeq when
resistance measurements are made. For direct ‘comparison, the resistance values shall be
correcfed to 20 °C. Information on the recommmended method is also given in Annex B.
Temperature measurements at these positionsishall be made during the heat cycling test.

Indirect resistance readings:

— voltage measurements shall hayea device uncertainty within £ 0,5 % or £ 10 uV, by|taking
the|greater value;
— curfent measurements shall’lhave a device uncertainty within + 0,5 % or + 0,1 A, by|taking
the|greater value.

Direct fesistance readings:

Resistance meaSurements shall have a device uncertainty within + 1 % or £ 0,5 pQ, by|taking
the grgater value when the instrument is calibrated against a certified standard resistance.

6.2.3 Temperature measurements

Temperatures of both connectors and reference conductors shall be measured at the
positions indicated in Figure 4. The recommended method of temperature measurement is to
use thermocouples. The temperature measurements shall have a device uncertainty within
12 K.

6.3 Heat cycling test
6.3.1 General

The heat cycling test shall be made with alternating current.

NOTE In the case of DC applications, direct current might be used.
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6.3.2 First heat cycle

The object of the first heat cycle is to determine the reference conductor temperature to be
used for subsequent cycles and also to identify the median connector (see 3.12) at
equilibrium.

Equilibrium is reached when the reference conductor and the connectors do not vary in
temperature by more than + 2 K during application of the heating current. Minimum periods to
maintain temperature stability are defined in Table 1.

a) Through connectors and terminations
CurrentTsTircutated-imthetesttoop; bringimgthe Teference comductorto— 26— C—=t=quilibrium.

If the femperature of the median connector is equal to or greater than 100 °C, the reference
condugtor temperature for subsequent heat cycles shall be deemed to be 120)°CY If ngt, then
the cufrent shall be increased until the median connector temperature reaches 10Q °C at
equilibfium, subject to the reference conductor temperature not exceedihg 140 °C.| If the
temperature of the median connector does not reach 100 °C, even withyareference cornductor
temperature of 140 °C, the test shall be continued at that temperdature. The mepsured
refererjce conductor temperature 6 shall then be used for. subsequent heat |cycles
(120 °C < 65 < 140 °C).

Where| linking bars are used for terminal lugs, the temperature at the midpoint of the bar
linking| the palms should also be measured. This temperature should be equal [to the
tempefature of the reference conductor 6y, with a toletance of +5 K.

b) Brgnch connectors

Wherelit is necessary to use the circuit shown'in Figure 3, current shall be circulated| in the
test logp, bringing the main reference conductor and the three branch reference condugtors to
120 °Q at equilibrium. To achieve this, the“currents in the three branches shall be adjugted by
curren{ injection or impedance control, If the temperature of the median connector acgording
to defimition 3.12 is then equal to or ‘greater than 100 °C, the reference conductor temperature
for sujsequent heat cycles shall-be deemed to be 120 °C. If not, then the current shall be
increased in the loop until the"median connector temperature reaches 100 °C at equiljbrium,
provided the reference conductors do not exceed 140 °C. It may be necessary at this|stage,
and also at intervals throughout the test, to adjust the current in an individual branch sp as to
ensurel that each branch reference temperature is the same as the main reference
tempenature with a tolerance of +2 K. The measured reference conductor temperature| g on
the mfain and branch conductors, shall then be used for subsequent heat |cycles
(120 °C < g 140 °C).

Table 1 — Minimum period of temperature stability

Nominal conductor oross. | T aluminium: | 4 < 300 300 <A<630 [630<A<71000] A>7000
sectional area 4 (mm?) | for copper: A < 240 240 < 4 <400 | 400 < 4 < 800 4 > 800
Minimum period (min) 15 20 30 60

6.3.3 Second heat cycle

The object of this second heat cycle is to determine the heat cycle duration and temperature
profile which will be used on the test loop for all subsequent heat cycles. Current is circulated
in the loop until the main reference conductor temperature reaches the value 6 determined in

6.3.2, with a tolerance of +8 K and the median connector temperature is stable within a band

of 2 K over a 10 min period and does not differ by more than 3 K compared to the temperature
measured during the first heat cycle.
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For branch connectors that need to use the circuit shown in Figure 3, current is circulated in
the loop until the branch reference conductor temperature reaches the value 6r determined in

6.3.2, with a tolerance of +8 K and the main reference conductor temperature reaches the

value 6g determined in 6.3.2, with a tolerance of if; K. The median connector temperature is

stable within a band of 2 K over a 10 min period and does not differ by more than 3 K

compa

red to the temperature measured during the first heat cycle.

At the beginning of the heat cycle, an elevated current up to 150 % of Iy may be used as the
preferred method, to reduce the heating period. The current shall thereafter be decreased or

regula
mediar
determ

The rgference conductor temperature shall be the control parameter, in gorder to ke

temper
temper
toleran

The dg
temper
subsed

The h
conneq

It may
conditi
respec

If acce

tempeifature limits.

The to

ed to a3 mean valua of the currant close to ,\l toensure stahle conditions dur

-connector control period. It may be necessary to use more than one (ty
ine the second heat cycle.

ature profile during the heat cycling test. In this way, the fluctuation of the a
ature will not affect the temperature profile of the referencefeonductor with
ces given in this document.

termined heating profile of the reference conductor contaihing the characterig
atures during time, as shown in Figure 1, shall be recorded and reproduced
uent heat cycles.

pating period ¢4 is followed by a cooling period’?z, to bring the temperatures
tors and the reference conductor to values <35°C.

bns are reached, in particular duringvthe measurement of resistances in of
t the conditions of 6.2.2.

lerated cooling is used, it shalllact on the whole of the loop, and use air within a

al period ¢4 + t, constitutes a heat cycle (see Figure 1).

ing the

cle to

p the
bient
in the

tics of
for all

of all

be necessary in subsequent heat cycles’to adjust ¢, to ensure that the temperature

der to

mbient
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Figure 1 — Example of second*heat cycle profile
6.3.4 Subsequent heat cycles
A total|of 1 000 heat cycles shall be made,according to 6.3.3. After the cooling period| of the
cycles|indicated in Table 2, the resistance and temperature of each connector and each
refererjce conductor shall be recorded-as described in 6.2. The maximum temperature ¢f each
connegtor during the cycle just prior-to or following the resistance measurements shall also be
recorded.

Table 2 — Electrical resistance measurements during the electrical test

Class A

Class B

cycle no. 0, before thefirst heat cycle, see 6.3.2
after cycle no. 200 before short-circuit test
cle n0.,200 and after short-circuit test

clelno. 2502

after ¢

after ¢

cycle no. 0, before the first heat cycle, see 6.3.2

after cycle no. 2502

then after 75 cycle intervals?

(in total 14 measurements)

then after 75 cycle intervals?@

(in total 12 measurements)

a

A tolerance of +10 cycles may be used for collecting measurements.

6.4

6.4.1 General

Short-circuit test for connectors according to Class A

The short-circuit test shall be made with alternating current.

After finishing 200 heat cycles, six short-circuit currents shall be applied on each connector.
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After each short-circuit current application, the test loop shall be cooled to a temperature
<35 °C.

The measured initial reference conductor temperature, the current and the duration, as well
as the Joule integral of each short-circuit current application shall be recorded in the test
report.

When through connectors are used to connect different conductors in the same test, the
conductor with the highest nominal electrical resistance per unit length shall be used as
reference conductor.

When ranchn Cconnecltors are used, the sSNort-CirCuit current sriall De applied 1Tom 1ne main
condugtor to the branch conductor for each connector under test.

As stafed in 6.1.1 the test loop may be disassembled for this test. Since the shori-circlit test
is intepded to reproduce the thermal effects of high currents only, the recommended method
is to uge a concentric return conductor in order to reduce the electro-dynamic forces. The test
arrangements shall be described in the test report.

For alyminium conductor nominal cross-sections > 400 mm?2 and-for copper > 300 mm?, pre-
heatin*n up to 90 °C may be used. However, for nominal cross=sectional areas excgeeding
630 mm?2 for copper or 1 000 mm2 for aluminium, the defined. parameters (45 kA and § s) are
insuffigient to reach 250 °C.

When determining the short-circuit current RMS value, a device taking into account the DC
compohent should be used. Alternatively, the detetmination of /2s can be obtained us|ng the
method described in Annex E, noting this method does not take into account the DC
compopent of the current.

NOTE [rhe measured final reference conductor temperature can be recorded in the test report for informatjon.

6.4.2 Aluminium conductors withcross-sectional areas below 1 000 mm2 and cppper
conductors with cross-sectional areas below 630 mm?

The short-circuit test current level shall be such, that it raises the reference conductor|from a
temperature < 35 °C to a temperature between 250 °C and 270 °C.

+0,5 . ,
The dyration of the,short-circuit test current shall be (1_0)1 ) s with a maximum curfent of
25 KA.

If the frequired short-circuit test current exceeds this value, a longer duration <5 s |with a
current between 25 kA and 45 kA shall be used.

The minimal applicable adiabatic Joule integral /2,nt, which raises the temperature of the
reference conductor to 250 °C, shall be calculated according to the formula in Annex D, as
well as the maximum applicable adiabatic Joule integral IZADt necessary to reach a final
temperature of 270 °C.

The adiabatic Joule integral IZADt used for each short-circuit current application during the
short-circuit test shall be between both previous calculated values of Joule integrals 2ppt.

NOTE To allow adjustment of the current for the short-circuit test, the first short-circuit test current can be
extended to achieve a final temperature between 250 °C and 280 °C.

6.4.3 Aluminium conductors with cross-sectional areas =2 1 000 mm2 and copper
conductors with cross-sectional areas = 630 mm?2

A short-circuit test current of 45 kA for 5 s shall be applied.
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6.5 Assessment of results

An individual connector resistance factor k& enables a common method of connector
assessment to be made over the range of conductor cross-sectional areas applicable to this
document. The parameters listed below shall be calculated according to Annex F:

a) The connector resistance factor £ shall be calculated according to Clause F.3, for each of
the six connectors at all the measurement intervals listed in Table 2.

b) The initial scatter 5, between the six initial values of k,;, measured before heat cycling,
shall be calculated according to Clause F.4.

ulated
e last
rval;

e) The resistance factor ratio 1 shall be calculated according to Clause F.7.

f) Thge maximum temperature 6,,,, on each connector shall be reCorded according to
Clguse F.8.

NOTE RAn explanation for assessing the results of the electrical test on connectors can be found in Annex [G.
6.6 Requirements

The six connectors shall satisfy the requirements shown<in Table 3. If one connector|out of
the six| does not satisfy one or more of the requirements; a re-test may be carried out.|In this
event, all six new connectors shall satisfy the requirements.

If morg than one connector out of the six do.not satisfy one or more of the requirements, no
re-test| is permitted and the type of connector shall be deemed as not conforming [to this
documgpnt.

Table 3 =< Electrical test requirements

Parameter Designation | Text reference Maximum

value
Initial scatter 5 Clause F.4 0,30
Mean scatter B Clause F.5 0,30
Change_in\resistance factor D Clause F.6 0,15
Resistance factor ratio s Clause F.7 2,0
Maximum temperature 0 ax Clause F.8 0ot
NOTE Specified values are based on experience.

6.7 Examples of electrical test loop configurations and associated parameters

See Figures 2, 3 and 4.
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b) Through connectors with separable sections according to 6.1.1
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c) Terminal lugs — principleitest loop
where: Key
d >80 k/4 or 500 mm, whichever is the greater 1 reference conductor

A is the| corresponding conductor nominal cross-ségtional area, in mm? equalizers (for stranded conduftors)

21+l + lj (for lj, see Figure 4)

= through connectors

terminal lugs

For strgnded conductors: linking bars

o g b~ W N

I,

a b ® 5 .4 or 150 mm, whichever is the greater

disconnecting terminals

Figure 2 — Typical electrical test loops for through connectors and terminal lugs
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ll’
/ a a
> dl2

IEC
where: Key
d >80 |4 or 500 mm, whichever is the greater 1 main reference conductor
4 is thelmain conductor cross-sectional area, in mm? 2 braneh reference conductor
[ lJ. (for lj, see Figure 4) 3 equalizer (for stranded conductors)
a branch connector
For strapnded conductors: c current control
Iy ly= 15 4 or 150 mm, whichever is the greater Sw switch (for branch resistance measurement) a
distance of d/2 between switch and connectors
should be used

Figure 3 — Typical electrical test loop for branch connectors
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Tci Formula:
| U
(- hd | — Rf_lrx1+a(9r—2o)
L lr ’
|
IEC
a) Reference conductor
TC Formulas:
U fog g lath)
ll’
(A | | )
k:_JXl_f
[

TC

IEC

b) Through connector

Al

IEC

References: copper and aluminium con

c) Bimetallic through connector

/i

|

Reference: samé conductor on bo

Formulas:

R.Cu R.Al
R. =R-— I ]
j (eruXa+ZrAIXb

k= !
R.Cu RAl
— X laj + —X le
[,Cu [Al

Formulas:

R =R R,ma.ln I+ R.bran
/I.main /.brand

R . lrbranch

- R.branch l;

d) Branch connector

h sides

ductors

References: main and branch conductors
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Formulas:
la
R] = R — RI’ X —
Ly
p Bk
7 R
IEC
Reference: conductor
e) Barrel of terminal lug
Formulas:
po B ke
3 R
IEC
Reference: copductor
f) Palm of terminal lug
l; Formulas:
A /
U — R, =R—-R, x=2
L 4 Iy
/ =
k=—x-—L
s
Tc~1 _ R
0
Ld
IEC
Reference: copductor
d) yConnection to the conductor for a mechanical connector
(| Formulas:
¢ - Rj=R
PN
e Kr l]
b 4
I —
] ——o P
L
IEC

Reference: conductor

h) Connection to a terminal bar for a mechanical connector

Key

TC = Temperature measurement positions

Figure 4 — Typical cases of resistance measurements
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7 Mechanical test

7.1 General

The purpose of this test is to ensure an acceptable mechanical strength for the connections to
the conductors of power cables.

NOTE The mechanical test does not give any indication that the connector will be able to fulfill the electrical test
requirements.

7.2 Method

The t
condu
condu
> 500
nomina
mark t

The ap

When

applieq in the axis of the clamping channel on each conductor core. One sample of cor

shall b

For ex

samplgs are required for testing the main conductor and three samples for the
condugtor.

If the qonnector is tested electrically for.conductors of different nominal cross-sectiong
onnectors shall be tested individually with the same conductor as used in the el¢ctrical

three g
test, in

7.3

tors and installation procedure as used for the electrical test. The recomiun
tor length between connectors or between connector and tensile test machine |
m. The rate of application of the load shall not exceed 10 N per square millim
| cross-sectional area and per second up to 25 % of the value in Table 4 in o
ne conductor relatively to the connector, then up to the value in Table'4, which
maintajned for 1 min.

plicable tolerance for applying the mechanical load shall be.within + 5 %.

he axes of two conductors are not aligned, the connector shall be fixed and th

b used per tensile test.

hmple for a branch connector as shown in Figure 4 d), six connectors are needed

accordance with Table 4.

[Table 4 — Selection ofitensile force withstand values for the mechanical testf

fion of
ended
aws is
eter of
rder to
s then

b force

nector

, three
branch

| area,

Class Conductor Nominal cross-sectional Tensile force
material area 4 (mm?) (N)
Class 0 Aluminium - No test
Copper - No test
Class 1 Aluminium <500 40 x 4
2 630 20000
Copper < 300 60 x 4
2 400 20000
Class 2 Aluminium 2 630 40 x 4
Copper =400 60 x 4

Requirements

Not more than 3 mm slippage shall occur during the last minute of the test.
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8 Testreports

8.1 General

The type test results according to this document may be presented in separate test reports.

8.2 Electrical tests

The test report shall include the following information:

— connector class (see 5.
|~

— cond

— corn
— ins
suf
add
nut

— tem
— cur
- for
— tes
- val
- val

— res

It is ad

8.3
The te

— Con
— Corj
— Ccorj

— res

Hetor e n \
duetordse ¥
nector and installation procedure (see 5.3);

allation for example in the case of terminations, where bolted connections 4§
plied and not described by the manufacturer, for example palms of cable lugs,
itional information shall be given about material, surface and lubrication of used
5, washers and applied torques;

perature measurement method (see 6.2.3);
Fent 7y at equilibrium temperature (see 6.3.2);
Class A the short-circuit test parameters (see 6.4);
loop configuration;
les and graph of the connector resistance factor& versus the cycle number (see

les and graph of the maximum temperatures versus the cycle number (see 6.3.4};

ults of the electrical test (see Table 3).

visable to show a graph of the temperature profile of the second cycle (see 6.3.3).

Mechanical test
5t report shall include the fallowing information:

nector class (see 5.1);

ductor used (see 5.2);

nector and installation procedure (see 5.3);
ults of the mechanical test.

re not
where
bolts,
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A1

Annex A
(normative)

Equalizers and their preparation

Requirements for equalizers

For stranded and flexible conductors, the potential difference between the strands at
measuring positions may cause errors in measuring electrical resistance.

Therefpre equalizers are needed, the requirements for which are:

— ach

mepsurements;

— ach
tes

prejparation of equalizers and providing adequate current carrying volume);

— avd

during current heating (e.g. by using bulky equalizers).

Welde
unifor
recom

Other

i, soldered or crimped equalizers may be used to overcome this problem and to
current distribution during resistance measurement. Welding equalizers
ended method for stranded conductors to ensuréreliable measurements.

temperature of the connectors or the reference conductor.

A.2

Recommendations for welding equalizers

The welding material should be similar'to the conductor material.

Cut the conductors square, clean the ends, and melt them with the welding torch ensu

strand
The le

b are welded together. Build up the weld until the chamfer dimensions are ac
ngth of the chamfer.ls referenced as a, and the separation between the conduc

final welding is referenced as b.

With th

and tu

Ensurqg thiatthe conductor remote from the ends is kept sufficiently cool in order not to ¢
the mechanical properties of the conductor in the region where the contact will be madel.

n the conductors so as to obtain a uniform circular weld profile.

ieve thermomechanical strength throughout the electrical test including. the short
if applicable (e.g. by avoiding excessive annealing or constricting of strands

e conductors'supported and spaced by dimensions b, build weld metal up at the

ieve the electrical connection of all the strands to ensure accurate electrieal resistance

-circuit
during

id thermal effect on the connector or the reference condugtor temperature refadings

ensure
is the

methods may be used provided they give.comparable results and do not aff¢ct the

ring all

:rieved.

ors for

centre

hange

The dimensions of the equalizer shall be as indicated in Figure A.1.
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A
Y
A
Y
A
Y

— ——

IEC

a) Ends prepared

Marking for
potential point Dy

- ——

IEC

b) Welded/soldered equalizer

where: Key

For circglar shape

]

chamfer length

Ds< DEq < 1,4 xD conductor separation

conductor diameter

[,<1,5KD+10 mm

0,5 =

H
For sectpral shape g’ equalizer diameter
H < He[s 1,4 x Hand W < Weq < 1,4 x W Iy equalizer length
I, 1,5 H+10 mm H: sector height IEC
w: sector width

Figure A.1 — Preparation of equalizers
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Annex B
(normative)

Measurements

B.1 Potential measuring positions for typical connectors

Potential measuring positions for the purpose of resistance measurement are shown in
Figure 4. Potential measuring positions on solid conductors shall be adjacent to, but not
touching, the connector. For stranded conductors, the potential measuring positions are the

mid-paint of the equalizers, which shall be 15 V4 mm or 150 mm, whichever is the |onger,
away ffom the connector. The actual lengths of /, and /,, can vary in a real test set-Up at each
connegtor. It is therefore necessary to take into account these individual readings for the
calculgtion of the resistance for every individual connector.

B.2 |Temperature measurement

A good thermal contact between the thermocouple junction and the measuring object shall be
established.

In the pase of the reference conductor (Figure 4 a)), thedthermocouple shall be positigned at
the mig-point and secured either in a small hole drilled )in a solid conductor, or by sl|ding it
under the strands of the outer layer of a stranded conductor.

In the| case of connectors (Figure 4 b) to Figure 4 h)), the thermocouple may either be
inserted in a small hole drilled into the main.body of the connector, or be secured|to the
outside surface using a thermally conductive adhesive or self-adhesive thermal tape.|In the
latter qase, the amount of glue or tape used to install the thermocouple should not affect the
heat dissipation in the connector.

B.3 |Equivalent conductorresistance

It is nejcessary to measure the resistance of a known length of the reference conductor pnd its
tempeijature (Figure 4.a)), so that the actual connector resistance R; may be calculajed, by
subtragting the resistance due to the conductor lengths /, and /,,. The various lengths, which
need t¢ be recorded;*are shown in Figure 4.

It should benoted that in the case of branch connectors, resistances of both the main gnd the
branch| reference conductors are used when calculating the actual connector resistande (see
Figure|4.d)).

It is necessary to measure the resistance of the reference conductor on each occasion that
the connector resistance measurement is made. All measured resistance values of the
reference conductor (corrected by temperature) shall be stable throughout the complete test
to show that the equalizers are stable in principle. For the determination of the parameter &
(see Annex F) it is essential that during resistance measurement the reference conductor and
all connectors are in the range of ambient temperature such as defined in 6.2.2.
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Annex C
(informative)

Recommendations to decrease uncertainties of measurement

Handling the test loop

Bending or vibrations during transport and handling may give rise to mechanical forces, which
affect the contact resistance of the test objects and should be avoided.

The s4

me potential measuring positions should be used throughout the test, they shquld be

clearlylmarked since calculation always refers to the initial situation. Verification of megsuring
positions, especially after the short-circuit test, is advised.

C.2

Measurements, instruments and readings

For stqanded conductors, the distances between any equalizer in the"test set-up where no
connegtors are installed may be used for verification of resistance-measurements.

All redorded values should show that the equalizers have<acceptable stability thro

the tesf.

Check|the validity of calibration or make a calibration{ of each instrument prior to the
possible, calibrate the whole measuring chain.

For mgasuring the current, a calibrated shuntimay be introduced into the test loop.

ughout

test. If

If posdible, use the same instrument forvoltage (AU DC), current (AU DC of a shunt) and
tempefature (AU DC of thermocouplecvoltage output) measurement.

A califjrated resistance with a~value in the same order as the readings may be used
calibraftion of the voltage measurement or a direct measurement of the resistance. A
should|be made before, duting and after the test.

It is regommended:

to
to

dse the samre instruments throughout the whole test;

sygtematic uncertainty may influence the assessment of the measuring results;

to

lavoid, whenever possible, the replacement of any instrument, since the changel in the

for the
check

to use a validated computer programme for the calculation to avoid errors by accident.

When calculating the & value, it is possible to use the measured resistance values of the
reference conductor and the connectors without any temperature correction, provided that the
resistance of the reference conductor does not change during the test and the temperatures
of all parts of the test loop are the same and in stable conditions when resistance
measurements are made.

Every effort should be made to avoid spurious readings.
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Annex D
(normative)

Calculation of adiabatic short-circuit current

The general form of the adiabatic temperature rise formula which is applicable to any initial
temperature is:

7
12, o= Kesein| 20
0 45

Inp is the short-circuit current (RMS over duration) calculated on an adiabatic basig (A)

t is the duration of short-circuit (s)

K is the constant depending on the conductor material (As'2/imm?2) see Tabl¢ D.1
below for normative values of K

S is the actual cross-sectional area of the conductor (mm2).see below

O is the final temperature (°C)

6, is the initial temperature (°C)

is the reciprocal of temperature coefficient of#esistance of the conductor at 0 °C (K)
see Table D.1 below for normative values of.3

In is loge
Table D.1.<’Material properties
Material K (As"2/mm?) B (K)
Copper 226 234,5
Aluminium 148 228

Although it is not required to measure the final temperature of a conductor during the| short-
circuit ftest, experience has shown that the actual final temperature for some conductor sizes
is signfficantly higher when applying this calculation by using the nominal cross-sectiongl area.
Therefpre it issrecommended to determine the actual cross-sectional area (S) to prevent over-
heating. In this case, the preferred method is to weigh a fixed length of conductpr and
calculdtesdhe actual cross-sectional area (S) using the material density. The fixed lepgth of
conductet-shottdrnotbetower-thanthereferencetengtf sedHnthe—etectricatageing test
or 1 000 mm, whichever is the greater.

Annex D is based on Clause 3 and Table | of IEC 60949:1988 and
IEC 60949:1988/AMD1:2008 wherein the complete calculation method can be found. This
method shall be used for alloys.
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Annex E
(informative)

Determination of the value of the short-circuit current

In the case where there is no constant symmetrical RMS value during the short-time current,
the equivalent RMS value can be determined from an oscillogram, using the method
described below (see Figure E.1).

A
™

W T T
SRS

max. 0

-

| &
0 1 2 4 5 6 A 8 9 10
IEC
Key
AA’ anfl BB’ Envelopes of current waves
cc Displacement of current-wave zero line frem/normal zero line at any instant
Ig.. 1 RMS value of the AC component of'Current at any instant calculated from normal zero:
DC component (CC’) is neglected

Imax0 Peak value of the AC component-of current at the instant of initiating short circuit
BT Duration of short circuit

Figure E.1—Determination of equivalent RMS value
of current during the short-circuit test

The total time BT of the\test is divided into 10 equal parts by verticals 0 to 1...10 and thle peak
value ¢f the AC component of the current is measured at these verticals.

These [values_are ‘designated: 1 1

max1» 1

max0: max2s ssrrrreee

The effective values are then: I = Iay i /\/5.

The equivalent RMS current during the time BT is given by:

1
IRMs =\/§[I§ +4(112 +I3+12 +12 +1§)+ 2(1% +13+18 +182)+1120]

NOTE Annex E is consistent with Annex G of IEC 62475:2010.
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F.1

This st

F.2

To the
temper

U pot

diregct current at the moment of measuring U;

tem

dire

temperature of the reference conductor at the moment.of measuring U,.

1

0

U, pot
[I’

el’

The above is the recommended method. Direct measurements of resistance R and H
alternatively, be used for any of the above U/l values.

In add
during
record

Distan
The di

lengthg < 40 mm.

F.3

The registance, €eferred to 20 °C, between measuring positions spanning a connecto
follows:
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Annex F
(normative)

Calculation method

General

atistical evaluation shall follow IEC 60493-1.

Measurements—made
LALA= A= A —J

ature shall be taken (see 6.2 and Annex B):

ential difference between measurement positions spanning each connector;

perature of each connector at the moment of measuring U;
ential difference between measurement positions on the reference conductor;

ct current at the moment of measuring U,;

jtion, temperature measurements on 'each connector and on the reference cor
heat cycling on the cycle prior to, Or following the resistance measurements s
2d.

bes Iy, Iy, I, I, defined in Figure 4, are measured and are applicable for the who
stances shall be measured-with a tolerance of £2 mm for lengths > 40 mm, or 4

Connector resistance factor &

U,

cycles listed in Table 2, the following measurements with the test loop.at ambient

. may,

ductor
hall be

e test.
b % for

r is as

R= X —
L 4. ala_20)
\ 7

Where the temperature coefficient of resistance «, for the purposes of this document, is

regard

The re

ed as equal for copper and aluminium:
a=0,004 K1

sistance of the reference conductor, referred to 20 °C, is as follows:

RI’ :I_rx%
1T a6, —20)

The connector resistance Rj is then:
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R, =R—Rr><M

ll‘
and the connector resistance factor £:
R
k=—1xT (F.1)
R
F.4 Initial scatter §
The sdatter between the six values of k; (one value for each connector) at cycle™no. gero is
calculdted as follows:
calculdte the mean value:
— 1L
then the standard deviation:
RS L2
S0 = ngl:(ko <Ko)
and finfally the scatter:
1 S0
J6 K,
where
ts is the Student coefficient;
ts = 15.9.995 = 4,032 for. 99 % two-sided confidence level and five degrees of freedom;
hence
5=1,65 20 (F.2)
Ko
F.5 Mean scatter g

This scatter shall be determined using the last 11 measurement readings of resistance. These
11 readings start after the 250" cycle and then every 75cycles up to 1000 cycles.
A tolerance of + 10 cycles is permitted on the timing of any reading, and in this case, the
statistical formulae listed in this document are applicable. Outside this tolerance, a detailed
statistical treatment is necessary. For convenience of calculation, the origin is transferred to
the mid-point of the 11 readings and the statistical variable x is introduced (see Figure F.1).
The symbol x has the values 0, £ 1, £ 2, ..... , £ 5.
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