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INTERNATIONAL ELECTROTECHNICAL COMMISSION

COMPRESSION AND MECHANICAL
CONNECTORS FOR POWER CABLES -

Part 1-2: Test methods and requirements for insulation piercing
connectors for power cables for rated voltages up to 1 kV

(—=12 k\;) tested-on-insulated-conductors
“m 3
FOREWORD

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardiZation comprising
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
consensus 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 61238-1-2 has been prepared by IEC technical committee 20:
Electric cables.

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

This edition includes the following significant technical changes with respect to
IEC 61238-1:20083:

a) The scope has been widened to cover connectors for conductors from 10 mm?2 down to
2,5 mm?2 and has been limited to 300 mm2 for copper conductors and 500 mm2 for
aluminium conductors because test experience and applications for IPC are rare for
conductors of larger cross-sectional areas.
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b) A new mechanical class has been introduced to satisfy the demand for connectors
subjected to no mechanical force.

c) The electrical test method has been updated in order to take into consideration the
temperature of the insulated reference conductors.

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

e) For the mechanical test, the methods and requirements have been updated.

f) Different test proposals for multicore connector testing have been introduced.

g) A test proposal for pre-conditioning using live load pickup for insulation p
connectors has been introduced.

iercing

The te

Full inf
the rep

t of this International Standard IS based on the 1ollowing documents:
FDIS Report on voting
20/1789/FDIS 20/1804/RVD

ormation on the voting for the approval of this International Standard can be fg
ort on voting indicated in the above table.

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

A list d
mecha

The co
stabilit

f all parts in the IEC 61238 series, published under the general titte Compressi
nical connectors for power cables, can be found gn‘the IEC website.

mmittee has decided that the contents of thissxdocument will remain unchanged u
y date indicated on the IEC website under "http://webstore.iec.ch" in the data rel

the specific document. At this date, the document will be

e rec
o wit
e rep
e am

pnfirmed,
ndrawn,
laced by a revised edition, or

ended.

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

und in

bn and

htil the
hted to
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INTRODUCTION

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

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

Part 1-2: 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

Part 1-3: Test methods and requirements for compression and mechanical connectors for
power cables for rated voltages above 1kV (U,=1,2kV) up to 30kV
(Un, = 36 kV) tested on non-insulated conductors

This Pprt 1-2 of IEC 61238-1 deals with type tests for insulation piercing connectors for use

on cdpper or aluminium conductors of power cables for rated vepltages jup to

1KV (U, = 1,2 kV).

When
in sery|

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

ins
c) ift
d) ind

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

displagement after installatiom, ;\where the connector is exposed to low temperature
bly or where the connector is installed in live conditions. In these instances, the llzsts in

assem
this do

purchaser.

This d

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

specifi

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

ulated conductor during current heating;
ne intended use demands it, application of shortscircuit currents will not affect a)

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 rated” plant, to corrosive conditions, where the connsg
ed to external mechanical stresses such as excessive vibration, shock ang

cument may need«to-be supplemented by special tests agreed between suppli

bcument dees not invalidate existing approvals of products achieved on the b

cations cannot directly claim approval to this document.

bd that

of the

and b);

lependently from the electrical performance;. conforming axial tensile strength will

cable

ecified
hey do
ure by
ctor is

large
during

r and
asis of

bervice
ds or

Once successfully completed, these tests are not repeated unless changes are made in
material, manufacturing process and design which might adversely change the connector
performance characteristics.
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COMPRESSION AND MECHANICAL
CONNECTORS FOR POWER CABLES -

Part 1-2: 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

1 Sgepe

This part of IEC 61238 applies to insulation piercing connectors for power cables fof rated
voltaggs up to 1 kV (U, =1,2kV), for example according to IEC 60502-1 @r ather |buried
cables|and cables installed in buildings, having

a) conductors complying with IEC 60228 having nominal cross-sectional areas bg¢tween
2,5 mm2 and 300 mm2 for copper and between 16 mm?2 and 500 mm? for aluminium
b) a maximum continuous cable temperature not exceeding the insulation material properties.

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 testémethods and requirements, which apply
to insulation piercing connectors for power cables with copper or aluminium conductofs. The
refererjce method is to perform the tests on unuséd.insulated conductors.

2 Ngrmative references

The foJlowing documents are referredyto in the text in such a way that some or all ¢f their
content constitutes requirements. of “this document. For dated references, only the gdition
cited applies. For undated references, the latest edition of the referenced document (in¢luding
any ampjendments) applies.

IEC 60050-461, International Electrotechnical Vocabulary — Part 461: Electric |cables
(availaple at http://www.electropedia.org)

IEC 60228, Conduetors of insulated cables

IEC 60493¢1;, Guide for the statistical analysis of ageing test data — Part 1. Methods bajsed on
mean Valdes of normally distributed test results

IEC 60949:1988, Calculation of thermally permissible short-circuit currents, taking into
account non-adiabatic heating effects
IEC 60949:1988/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
addresses:
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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.]

3.2

throughconnector

device

for connecting two consecutive lengths of conductor together

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

3.3

branch connector

device
latter

for connecting a branch conductor to a main conductor atcan intermediate point

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

3.4

reference conductor

length

of unjointed insulated conductor oryéonductor with the insulation rebuilt, w

includgd in the test loop and which enables the reference temperature and ref

resista

3.5
equali
arrang

hce to be determined

zer
bement used in the test leop to ensure a point of equipotential and uniform

distribdition in a stranded conductor

3.6

compression jointing
method of securingva connector to a conductor by using a special tool to produce perr
deformation of(the connector and the conductor

3.7

been

on the

5 been

hich is
erence

current

nhanent

mechanical jointing
method of securing a connector to a conductor, for example by means of a bolt or screw

acting

3.8

on the latter or by alternative methods

median connector
connector which during the first heat cycle records the third highest temperature of the six
connectors in the test loop

3.9

insulation piercing connector

IPC

connector in which electrical contact with the conductor is made by metallic protrusions which

pierce

the insulation of the cable core

[SOURCE: IEC 60050-461:2008, 461-11-08]
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insulation piercing jointing

method of securing an IPC to an insulated conductor by piercing, boring through, cutting
through, or making ineffective in some other manner the insulation of at least one cable
conductor without previous stripping during installation

Note 1 to entry: The temperatures are no longer limited by the conductor but by the cable insulation.

Note 2 to entry: This method may allow live line working if the connector provides sufficient insulation properties.
Safety requirements for live working are not covered by this document.

3.11
condu
<of ad

[SOUR
3.12

family
group

ctor

—

able> part of a cable which has the specific function of carrying current

CE: IEC 60050-461:2008, 461-01-01]

of connectors
bf connectors of a manufacturer to be considered of the same design criteria, the same
materigal characteristic and the same installation procedure

mbols

nominal cross-sectional area of the conductor

change in the resistance factor of the connector

direct current flowing through a connection during resistance measurement
equivalent RMS short-circuit current

alternating current necessary tormaintain the insulated reference conductor| at its
equilibrium temperature

direct current flowing through the insulated reference conductor/condictors
during resistance measurément

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

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 np. 0

lengths_of-each connector assembly associated with the measurement pogitions
in the test setup after installation

length of the insulated reference conductor between measurement positiong

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

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

length related calculated resistance value of a connector under an electrical test
corrected to 20 °C

heating time

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

potential difference between measurement positions while current I is applied

potential difference between measurement positions on an insulated reference
conductor while current / is applied

temperature coefficient of resistance at 20 °C
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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
temperature of a connector
nax maximum temperature recorded on a connector over the total period of test
during heat cycling
Or temperature of the main insulated reference conductor determined in the first
heat cycle
eRb tGIIIPGIGtUIU Uf thc bIGIIUh IIIOU:GtUd IUfUIUIIUU UUIIdUUtUI dUtUIIII;IIUd ;II th: flrSt
heat cycle
ot temperature of the related insulated reference conductor at therymomegnt of
measuring 6,4«
5 Gg¢neral
5.1 Definition of classes
Although it is not possible to define precisely the service ¢anditions for all applications, the
following requirements have been identified.
a) Eldctrical requirements:
Cldss A
Thegse are connectors intended for electricity distribution or industrial networks in| which
theTy can be subjected to short-circuits\ of relatively high intensity and duration| As a
corlsequence, Class A connectors arg'Suitable for the majority of applications.
Cldss B
These are connectors for netwarks in which overloads or short-circuits are rapidly ¢leared
by the installed protective devices, for example, fast-acting fuses.
b) Mechanical requirements:
Cldss 0
Connectors subjected to practically no mechanical pull-out force. These are, for example,
corlnectors inside*switchgear where the cable or conductors are secured or anchoref.
Cldss 1
Conhnectors subjected to a mechanical pull-out force related to the conductor nominal
cropsssectional area and material (according to Table 4). These are, for example,
connectors-for ||nr'lnrgrn||nr1 cable jninfc

Hence, the four classes correspond to the following tests:

Class A: heat cycling and short-circuit tests;

Class B: heat cycling test only;

Class 0: no mechanical test;

Class 1: mechanical test.

5.2 Cable

The fol

lowing information shall be recorded in the test report:

— conductor material;

— nominal cross-sectional area, dimensions and shape;
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— detail of conductor construction shall be given when known, or can be determined by
inspection, for example:

class according to IEC 60228 (solid, stranded and flexible);
compacted or non-compacted for stranded conductor,;
number and arrangement of strands;

type of plating, if applicable;

type of impregnation, water blocking, etc., if applicable;

— cable specification, including insulation type and thickness, etc.;

— conditioning of the cable if applied prior to testing.

5.3

The following information shall be recorded in the test report:

— the
— too
— ide

nur
— ins

live
5.4

In gen
combirn
followi

— agc
sat
- ac
if s
— if 8
crit
sud

— for

Connectors and installation procedure

assembly method or the installation instruction that is to be used;
ing and any necessary setting;

htification of the connector, for example name of the supplier, drawing, ref|
nber, type;

allation temperature and, if applicable, other treatment during installation, for e
load pickup (see Annex I).

Range of approval

bral, tests made on one type of insulation piercing connector, conductor and ins
ation apply to that arrangement only. Hoewever, to limit the number of tes
Ng is permitted:

pnnector which can be used on stranded round conductors is approved for this
sfactory results are obtained on.a compacted round conductor;

bnnector which covers a range>of consecutive cross-sectional areas shall be apg
htisfactory results are obtajined on the smallest and the largest cross-sectional ar|

manufacturer can clearly demonstrate that common and relevant connector
eria were used for a family of connectors, conformity to this document is achie
cessfully testing theilargest, the smallest and two intermediate connector sizes;

exception no.1: yfor a family of connectors consisting of five sizes, only the
connector, thesmallest connector, and one connector of a representative interni
size needfo*be tested;

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

erence

ample

ulation
ts the

type if

roved,
ea;

design
ved by

argest
ediate

hly the

connectors 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 with the largest and
smallest cross-sectional areas shall be carried out according to Clause 7 for connectors
according to Class 1;

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

— if conformity to this document is achieved by successfully testing a connector on a
conductor with water blocking, approval is achieved for the same conductor without any
water blocking but not for the same conductor with different types of water blocking.
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6 Electrical tests

6.1 Installation
6.1.1 General

All insulated conductors of the same nominal cross-sectional area in the test loop shall be
taken from the same insulated conductor length.

For each series of tests, six connectors shall be installed on insulated conductors in
accordance with the manufacturer’s instructions.

At a d[stance not less than 100 mm to the entrance of the connector, the insulatiomyfan be
removed to prepare equalizers according to Annex A.

Referenhce conductor(s) with the insulation retained shall also be included inthe“test logp.

For stlanded conductors, potential differences between the strands cat-potential measuring
positiohs can cause errors in measuring electrical resistance. ~-Equalizers according to
Annex|A shall be used to overcome this problem and to ensure uniferm current distribytion in
the rgference conductor and between connectors at the“-“equalizer positions. The
recommended method is to prepare equalizers on the test logp“béfore installing connecfors.

The tegt loop shall be installed in a location where the airis calm.
The ambient temperature of the test location shall be'between 15 °C and 30 °C.

For assembly of the test objects, the temperature shall be (23 + 3) °C. The test objects [should
be stored for a sufficient time to reach the required installation temperature.

In the|case of solid conductors, the, potential measuring positions shall be as clpse as
possible to the connector in order, toreduce 7/, and /. A minimum distance of 10 mm shall be
kept td the cable entrance of the {PC to avoid any influence on the IPC by cutting throdgh the
cable ipsulation when setting the*measuring position.

The telst loop may be ,ofvany shape according to Figure 3 or Figure 4 provided that it is
arranggd in such a way,-that there is no adverse effect from the floor, walls and ceiling|, other
test logps and adjacent test branches.

To fadilitate the) short-circuit test for connectors according to Class A, the loop may be
disassembled."as shown in Figure 3 b). In this case, the sectioning connections shjall not
influence/the temperatures of the test objects during heating.

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

NOTE 1 Informative Annex H proposes electrical tests for multicore connectors. These tests are not
internationally recognized and subject to customer/manufacturer agreement.

NOTE 2 Informative Annex | gives recommendations to simulate loads (related to the cross sectional area) acting
during installation of an IPC while the cables are still in service. This test is done during the initial insertion of the
IPC in the test loop, before starting electric tests.

6.1.2 Through connectors

The test loop shown in Figure 3 indicates the dimensions that shall be used.
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6.1.3 Branch connectors

When the branch connector is intended for a branch nominal cross-sectional area equal to the
main, or a nominal cross-sectional area immediately above or below the main, it is treated as
a through connector between the main and the branch, and the test method for through
connectors and the test loop shown in Figure 3 c) are applicable. In other cases, the test loop
shall be as shown in Figure 4. Where a type of connector makes it necessary for the insulated
main conductor to be cut, that part of the connector which acts as a through connector, shall
also be tested as for through connectors.

6.2 Measurements

6.2.1 General

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

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

The registance measurements shall be made under steady temperature conditions of bpth the
test logp and test location. The ambient temperature shall be between 15 °C and 30 °C|

The rgcommended method is to pass a direct current of up~to 10 % of the estimateld heat
cycling current, through the connectors and the insulated reference conductor, Wwithout
signifidantly increasing the temperature and to measure the potential difference betwegn two
specific potential measuring positions. The ratio of _potential difference and direct cufrent is
the redistance between those two positions.

To dedrease the uncertainty of the resistancecneasurement, it is recommended that thg direct
curren{ is adjusted to the same value throughout the electrical test.

For ingulated branch conductors assembled in accordance with Figure 4, the whole|of the
measufing current shall flow through-that part of the connector whose potential differgnce is
being measured. Switches or disconnecting terminals may be provided for this purpose.

Thermgpelectric voltages may- affect the uncertainty of low resistance measurements [of the
order of 10 uQ). If this~is"suspected, the recommended method is to take two resistance
measufements with thé direct measuring current reversed between readings. The mear| of the
two readings is thenithe actual resistance of the sample.

The pqgtential-measuring positions shall be as indicated in Figure 5 and Annex B. The various
lengthg shallzalso be measured individually to enable the actual connector resistances$ to be

determiinéd;” The temperature of connector and insulated reference conductor shall be
recorgwmwwmwwmu@stance

values shall be corrected to 20 °C. Information on the recommended method is also given in
Annex B. Temperature measurements at these positions shall be made during the heat
cycling test.

Indirect resistance readings:

— voltage measurements shall have a device uncertainty within £ 0,5 % or £ 10 uV, by taking
the greater value;

— current measurements shall have a device uncertainty within + 0,5 % or + 0,1 A, by taking
the greater value.

Direct resistance readings:
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Resistance measurements shall have a device uncertainty within +1 % or + 0,5 uQ,
whichever is the greater when the instrument is calibrated against a certified standard
resistance.

6.2.3 Temperature measurements

Temperatures of both connectors and insulated reference conductors shall be measured at
the positions indicated in Figure 5. The recommended method of temperature measurement is
to use thermocouples. The temperature measurements shall have a device uncertainty within
+ 2 K.

Recommended pasition and preferred installation methods for thermacouples are described in
Figure|1 which provides typical examples.

IEC

a) Position of thermocouple on stranded insulated reference cable

Key

1 thgrmocouple 4 %\ adhesive tape; thermocouple and insulation are coJered with
2 half-lap layers adhesive tape

2 opgn position to place the thermocouple 5 small windows in the insulation of the reference conductor

3 compductor insulation

3 4

IEC

b) Position of thermocouple in an IPC

Key
1 metallic current path 4 main conductor
2 thermocouple position 5 branch conductor

Figure 1 — Position of thermocouples
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6.3 Heat cycling test
6.3.1 General

The heat cycling test shall be made with alternating current.
In the case of DC applications, direct current might be used.

6.3.2 First heat cycle

The object of the first heat cycle is to identify the median connector (see 3.8) and its
temperature at equilibrium.

Equilibrium is reached when the insulated reference conductor and the connectors-do npt 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) Thriough connectors

The circulated current shall be set so that the temperature of. the insulated reference
condugtor at equilibrium 6y is adjusted between 10 K and 15 K-above the maximum cable
operating temperature in normal operation.

Where[the connected insulated conductors are of different operating temperatures (inspulation
types) [or unequal cross-sectional areas, the one having\the lowest current carrying capacity
shall bp used as the reference for the duration of the test.

b) Brdanch connectors

The cifculated current shall be set so that thetemperature of each branch and main ingulated
reference conductors at equilibrium 6z and\ég, are adjusted between 10 K and 15 K|above
the maximum cable operating temperaturelin normal operation.

For thig purpose, it may be necessary at intervals throughout the test, to adjust the cufrent in
an indiyvidual branch.

Tabletl = Minimum period of temperature stability

Nomihal conductor for aluminium: A <300 300 < 4 <500
cross-sectional area 4 (mm?) for copper: A4 <240 240 < 4 < 300
Minimum period (min) 15 20

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.

For through connectors, the current is circulated in the loop until the insulated reference
conductor temperature reaches the value 6r as defined in 6.3.2 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.

For branch connectors that need to use the circuit shown in Figure 4, current is circulated in
the loop until the branch insulated reference conductor temperature 6g, reaches a value
between 10 K and 15 K above the maximum cable temperature in normal operation and the
main insulated reference conductor temperature g reaches a value between 5 K and 15 K
above the maximum cable temperature in normal operation. The median connector
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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.

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
regulated to a mean value of the current close to Iy to ensure stable conditions during the
median-connector control period. It may be necessary to use more than one cycle to

determine the second heat cycle.

The insulated reference conductor temperature shall be the control parameter, in order to
keep the temperature profile during the heat cycling test. In this way, the fluctuation of the

ambie

ref

condugq

The determined heating profile of the

t fnmpnrahlrn will _not affect the fnmpnrahlrn prnfiln of the insulated

tor within the tolerances given in this document.

insulated reference conductor .containir

rence

g the

characteristics of temperatures during time, as shown in Figure 2, shall ,berecordg¢d and

reprodced for all subsequent heat cycles.

The heating period ¢, is followed by a cooling period ¢, to bringth€ temperatureg
tors and the insulated reference conductor to values < 35 °C.

conned

It may
conditi
respecft the conditions of 6.2.2.

If accelerated cooling is used, it shall act on the whale of the loop, and use air within a

be necessary in subsequent heat cycles to adjust ¢4 to"ensure that the temp
bns are reached, in particular during the measurément of resistances in of

tempefature limits.
The tofal period ¢4 + ¢, constitutes a heat cygcle (see Figure 2).
N A
(@]
< ‘5 K
o
E /\/—\ Reference conductor temperature
©
o \
8 A
g Median connector temperature does not
[ differ by more than 3 K compared to cycl¢
*2 K when equilibrium is reached
ST
’ \
/’
/ \
/ \
/ 10 min \ _
/ \ Median connector temperature
- A
// A
\
,/ ) <35 °C for all connectors
A\
/ D and reference conductor
/
U
ty tp
< < >
—>
Time

IEC

Figure 2 — Example of second heat cycle profile
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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
insulated reference conductor shall be recorded as described in 6.2. The maximum
temperature of each connector 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 0 _before the first heat cvycle see 6 3 2 cvycle no 0 hefore the first heat cycle see 6 3 2
after cycle no. 200 before the short-circuit test

after cycle no. 200 and after the short-circuit test

after cycle no. 2502 after cycle no. 2502
then after 75 cycle intervals 2 then after 75 cycle intervals @
(in totdl 14 measurements) (in total 12 measurements)

a2 A tplerance of +10 cycles may be used for collecting measurements.

6.4 Bhort-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 conneftor.

After gach short-circuit current application, sthe test loop shall be cooled to a tempegrature
<35 °¢.

The measured initial insulated referenee conductor temperature, the current and the ddration,

as well| as the Joule integral of each“short-circuit current application shall be recorded in the
test report.

When fconnectors are used to connect different cables in the same test, the cable with the
lowest|calculated short-circuit test current shall be used as reference cable.

When branch connectors are used, the short-circuit test current shall be applied from the main
cable tp the braneh-cable for each connector under test.

As stafed,in 6.1.1, the test loop may be disassembled for this test. Since the short-circpit test

is intended to reproduce the thermal effects of high currents only, the recommended method
is to uLvmWﬁWMﬁﬂmﬁmﬁMWwe test

arrangements shall be described in the test report.

The short-circuit test current level shall be such, that it raises the insulated reference cable
from a temperature < 35 °C to a temperature between the maximum permissible temperature
of the insulation and the maximum permissible temperature of the insulation +20 K.

05 . ,
The duration of the short-circuit test current shall be (1i0,1 ) s with a maximum current of
25 KA.

If the required short-circuit test current exceeds this value, a longer duration <5 s with a
current between 25 kA and 45 kA shall be used.
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The minimal applicable adiabatic Joule integral I25pt, which raises the temperature of the
insulated reference cable to the maximum permissible temperature of the insulation, shall be
calculated according to the formula in Annex D, as well as the maximum applicable adiabatic
Joule integral IZADt necessary to reach the maximum permissible temperature of the
insulation +20 K.

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 72ppt.

When determining the short-circuit current RMS value, a device taking into account the DC
component should be used. Alternatively, the determination of /2¢ can be obtained using the
methog—described in _Annex E, nni‘ing this method does not take into account-the DC

compopent of the current.

NOTE1 | The measured final reference conductor temperature can be recorded in the test report for informgtion.

NOTE2 | To allow adjustment of the current for the short-circuit test, the first short-circuit\test current| can be
extendefl to achieve the maximum permissible temperature of the insulation +30 K.

6.5 Assessment of results

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

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

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

c) the mean scatter g3, between the six values of k, averaged over the last 11 measufement
int¢rvals, shall be calculated accordingto Clause F.5;

d) theg change in resistance factor D~for each of the six connectors shall be calgulated
acgording to Clause F.6. D is<ithe change in the value of k& taken over the last
11 [measurement intervals, calculated as a fraction of the mean value of k in this interval;

e) the resistance factor ratio(4 shall be calculated according to Clause F.7;

f) thg maximum temperature 6., on each connector shall be recorded according to
Clquse F.8.

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

The six cohnectors shall satisfy the requirements shown in Table 3. If one connector|out of
the six[ dees not satisfy one or more of the requirements, a re-test may be carried out.|In this
event, attsixmewcormmectors—shatt bdiibfy the quuilb‘lllClltb.

If more 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
document.
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Table 3 —Electrical test requirements

Parameter Designation | Text reference Maximum

value
Initial scatter S 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 A Clause F.7 2,0
Maximum temperature 6 ax Clause F.8 Bt
NOTE Specified values are based on experience.

6.7 Fxamples of electrical test loop configurations and associated parameters

See Figures 3, 4 and 5.
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a) Through connectors - principle test loop
> df2 I, >d/2
—o 0 0 o
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3
o 00— ——]
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o oo o——)
E O0— Fo——
o 0— )
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IEC
b) Through connectors with separable sections according to 6.1.1
d
I I, Iy
1 1
' ' b =
H-— 7 —0 — —D—D—- -
1 5 1,12 3
IEC
c) Branch connectors to be tested as through connectors according to 6.1.3
where: Key
d >80 /4 or 500 mm, whichever is the greater 1 insulated reference conductor
A is the corresponding insulated conductor nominal cross- 2 equalizers (for insulated stranded
sectional area, in mm? conductors)
[.>1, + 1, +1[ (for I, see Figure 5) 3 through connectors
4 disconnecting terminals
For insulated stranded conductors:
Iy Iy = 15 & or 150 mm, whichever is the greater

Figure 3 — Typical electrical test loop for through
connectors installed on insulated conductors
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ll’
/ a a
> dl2

IEC
where: Key
d >80 N4 or 500 mm, whichever is the greater 1 main‘insulated reference conductqr
A is the main insulated conductor nominal cross-sectional 2 branch insulated reference condugtor
area, inl mm?
1,1, > +1 +I (for I, see Figure 5) 3 equalizer (for insulated stranded
rr‘rb = fa b j j’
conductors)
branch connector
For insdilated stranded conductors: c current control;
I, 1, ~ |5 +/4 or 150 mm, whichever is the greater Sw  switch (for branch resistance
measurement)
a distance of d/2 between switch gnd
connectors should be used

Figure 4 ~Typical electrical test loop for branch
connectors installed on insulated conductors
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Tci Formula:
| v s
2\ % R ="rw
(— | —; "7 1+ a(6-20)
L lr ‘
|
IEC
a) Insulated reference conductor
TC Formulas:

r o latlh)
1 L

ll’
N |-
P
R
/ l; /
L g pla—°
IEC
Reference: same’conductor on both sides
b) Through connector installed on insulated conductor
TC Formulas:
Cu R.Al
R'=R- & x Iy + x|
Al ] ( LCu @ AP
| -
R.
k= ‘
R, Cu R.Al
I 7] X Zaj + —X lbj
+Cu 1Al
IEC
Reference: copper and aluminium conductors

c) Bimetallic through(connector installed on insulated conductor

I, J Formulas:

main branch
/ R, = R- R, LIV R x Iy

> /. main l.branch

¢ | | - P
— ﬂ i = R I.branch
// R.branch l;
TC
Iy
~g—p
Reference: main and branch conductors
d) Branch connector installed on insulated conductor
Key

TC = Temperature measurement positions, additional information is given in Figure 1.

Figure 5 — 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

The tzﬁﬁm—mﬁm—mmm' i i
insulated conductors and installation procedure as used for the electrical ,fesj.

Method

recomimended insulated conductor length, between connectors or between cofinect

tensile
10N p
value i
to the

test machine jaws, is > 500 mm. The rate of application of the load shall’not §
er square millimeter of nominal cross-sectional area and per second,up‘to 25 %
h Table 4 in order to mark the insulated conductor relatively to the,connector, t
alue in Table 4, which is then maintained for 1 min.

The applicable tolerance for applying the mechanical load shall be.within £+ 5 %.

When
the for]

he axes of two insulated conductors are not aligned, ¢the connector shall be fix

samplg of connector shall be used per tensile test.

For example, for a branch connector as shown in\Figure 5 d), six connectors are n
three gamples are required for testing the main instlated conductor and three samples

branch

If the

insulated conductor.

connector is tested electrically for,insulated conductors of different nominal

sectiorjal area, three connectors shall be tested individually with the same insulated cor

as use

7.3

H in the electrical test, in accordance with Table 4.

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

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
Copper < 300 60 x 4

ce applied in the axis of the clamping channel on each insulated conductor corg.

tion of
The
br and
pxceed
of the
hen up

eeded,
for the

Ccross-
ductor

Requirements

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

8 Test reports

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:
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— connector class (see 5.1);

— cable used (see 5.2);

— connector and installation procedure (see 5.3);

— temperature measurement method (see 6.2.3);

— current Iy at equilibrium temperature (see 6.3.2);

— for Class A the short-circuit test parameters (see 6.4);

— test loop configuration;

— values and graph of the connector resistance factor k versus the cycle number (see 6.5);

— values and graph of the maximum temperatures versus the cyvcle number (see 6.3.4);

’

— resplts of the electrical test (see Table 3).

It is adjvisable to show a graph of the temperature profile of the second cycle (see|6.3.3).

8.3 Mechanical test
The te$t report shall include the following information:

— cornnector class (see 5.1);
— cable used (see 5.2);
— cornector and installation procedure (see 5.3);

— resplts of the mechanical test.
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Annex A
(normative)

Equalizers and their preparation

Requirements for equalizers

2018

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

Theref

— ach
me

— ach
tes
pre

— avd

Welde
unifor
recom

Other
temper

A.2

The in
the eq
tape, g
temper

The wd

Cut the conductorsssquare, clean the ends, and melt them with the welding torch ensu
5 are welded together. Build up the weld until the chamfer dimensions are acn\ieved.

strand
The le
final w

bre equalizers are needed, the requirements for which are:

asurements;

paration of equalizers and providing adequate current carrying volume);

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

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

id thermal effect on the connector or the insulated reference conductor température
realdings during current heating (e.g. by using bulky equalizers),

i, soldered or crimped equalizers may be used to overcome this problem and to pnsure

current distribution during resistance measurement. Welding equalizers [is the

ended method for insulated stranded conductors to ensure reliable measurements.

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

ature of the connectors or the insulated reference conductor.

Recommendations for welding equalizers

ature of the connectors*or the insulated reference conductor.

Iding material should be similar to the conductor material.

ngth of-the chamfer is referenced as a, and the separation between the conduc
pldingJis referenced as b.

O

sulation on the conductor is removed for preparing the equalizers. After prepargtion of
alizers, the insulation shalltbe rebuilt by adequate means (e.g. by using self-bpnding
riginal insulation) to reeover his original thermal properties and therefore not affect the

ring all

rs for

With the conductors supported and spaced by dimensions b, build weld metal up at the centre
and turn the conductors so as to obtain a uniform circular weld profile.

Ensure that the conductor remote from the ends is kept sufficiently cool in order not to change

the me

chanical properties of the conductor in the region where the contact will be made.

The dimensions of the equalizer shall be as indicated in Figure A.1.
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§l§$

IEC

a) Ends prepared

Marking for
potential point Dy

T~

- ——

IEC

b) Welded/soldered equalizer

where: Key
For circdlar shape a: chamfer‘length
D= DEq <1,4xD b conductor separation
I,£1,5F D+ 10 mm D: conductor diameter
For sectpral shape DEq: equalizer diameter H
H < Heg[s 1,4 x Hand W < Weq < 1,4 x W 1. equalizer length
l,<1,5KH+10 mm H: sector height
w: sector width IEC

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 5. Potential measuring positions on insulated solid conductors shall be adjacent to the
IPC, but a minimum distance of 10 mm shall be kept to the cable entrance of the IPC. For
insulat ; i i iti fd=poirtjof the
equaligzers, which shall be 154 mm or 150 mm, whichever is the longer, away_ from the
connegtor. The actual lengths of /, and [, can vary in a real test set-up at each cohnectpr. It is
therefdre necessary to take into account these individual readings for the calculation|of the
ce 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|case of the insulated reference conductor (Figure 5 a)), the thermocouple shall be
positioned at the mid-point and securely located either in a small hole drilled in & solid
condugtor, or by sliding it under the strands of the ouiter layer of a stranded conductor.

In the| case of connectors (Figure 5 b) to .Figure 5 d)), the thermocouple may either be
inserteld 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_uséd to install the thermocouple should not affgct the
heat dissipation in the connector.

B.3 |Equivalent conductor resistance

It is necessary to measure the resistance of a known length of the insulated reference
condugtor and its temperature (Figure 5 a)), so that the actual connector resistance R; may be
calculgted, by subtracting the resistance due to the conductor lengths /, and /,. The vyarious
lengthsg, which ngedto be recorded, are shown in Figure 5.

branchl inswlated reference conductors are used when calculating the actual connector
resistance’(see Figure 5 d))

It sho:{‘d be-noted that in the case of branch connectors, resistances of both the main gnd the

It is necessary to measure the resistance of the insulated reference conductor on each
occasion that the connector resistance measurement is made. All measured resistance values
of the insulated 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 k (see Annex F) it is essential that, during resistance measurement, the insulated
reference conductor and all connectors are in the range of ambient temperature such as
defined in 6.2.2.
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CcA

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 sgme potential measuring positions should be used throughout the test, they shd
clearlylmarked since calculation always refers to the initial situation. Verification of me4
positions, especially after the short-circuit test, is advised.

C.2

For ingulated stranded conductors, the distances between any equalizer in the test

where no connectors 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.

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

A califjrated resistance with a~value in the same order as the readings may be used
calibration 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

to

void,«whenever possible, the replacement of any instrument, since the change
syﬂtematic uncertainty may influence the assessment of the measuring results;

Measurements, instruments and readings

dse the samre instruments throughout the whole test;

uld be
suring

set-up

ughout

test. If

t) and

for the
check

in the

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
insulated reference conductor and the connectors without any temperature correction,
provided that the resistance of the insulated 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 tszSzln[—f+ﬁ]

A0 6+p
where:

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

t is the duration of short-circuit (s)

K is the constant depending on the conductor material (As!/2/mm?2) see Table D.1
below for normative values of K

S is the actual cross-sectional area of the conductor (mm?2) see below

6 is the final temperature (°C)

6 is the initial temperature (°C)
is the reciprocal of temperature coefficientof'resistance of the conductor af 0 °C
(K) see Table D.1 below for normative values of g

In is logg

Table D4\~ 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 an insulated conductor|during
the shlort-circuit{test, experience has shown that the actual final temperature for| some
insulated conductor sizes is significantly higher when applying this calculation by using the
nominal creSs-sectional area. Therefore it is recommended to determine the actual|cross-
sectiorjal’area (S) to prevent over-heating. In this case, the preferred method is to weigh a
fixed Igngth of conductor and calculate the actual cross-sectional area (S) using the material
density. The fixed length of conductor should not be lower than the reference length (/) used
in the electrical ageing 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,

described below (see Figure E.1).

using the method

AN

/
VVVVYVV

10

IEC

e peak

Key

AA’ anfl BB’ Envelopes of current waves

cc Displacement of current-wave zerg\line from 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 citeuit.
Figure E.1 — Determination of equivalent RMS value
of current during the short-circuit test
The total time BT ofithe test is divided into 10 equal parts by verticals 0 to 1...10 and th
value ¢f the AC component of the current is measured at these verticals.
These |values;are designated: Inax0r Imaxts Imax2s =oveeee- I'nax10
—

The effective values are then: L =Thaxil V2.
The equivalent RMS current during the time BT is given by:

IRMS =\/%[1§ +4(112 + 13+ 12 + 12 +1§)+2(1§ +12+13 +182)+1120]

NOTE Annex E is consistent with Annex G of IEC 62475:2010.
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Annex F
(normative)

Calculation method

General

This statistical evaluation shall follow IEC 60493-1.

F.2 Measurements-made

To the
temper

U potential difference between measurement positions spanning each connector;

tem

SER S

~

r o dirg

Or ten

The ah
alterng

In add
condugd
shall b

Distan
The di
lengths

F.3

The re|

followd:

diregct current at the moment of measuring U;

. potential difference between measurement positions on the reference conductor;

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

perature of each connector at the moment of measuring U;

ct current at the moment of measuring U,;

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

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

ition, temperature measurements @*on each connector and 6z on the ref

B recorded.

bes Iy, Iy, [, I, defined in Figure 5, are measured and are applicable for the who
stances shall be measured-with a tolerance of £2 mm for lengths > 40 mm, or 4
<40 mm.

Connector resistance factor &

sistance, 4eferred to 20 °C, between measuring positions spanning a connecto

U 1

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

may,

erence

tor during heat cycling on the cycleprior to, or following the resistance measur¢ments

e test.
b % for

r is as

R=—x

T TFao—20)

Where the temperature coefficient of resistance «, for the purposes of this document, is
regarded as equal for copper and aluminium:

a = 0,004 K1

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

U 1
I, 1+a(6, -20)
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The connector resistance Rj is then:

[ +1
R =R-R XM
lr
and the connector resistance factor k:
R.
k =R—J><§—r (F.1)
r j

F.4 |Initial scatter o

The sdatter between the six values of k; (one value for each connector).at cycle no. gero is
calculgted as follows:

Calculéate the mean value:

then the standard deviation:

and finfally the scatter:

is the Student/eoefficient;
ts = 15.0.995 =-4,032 for 99 % two-sided confidence level and five degrees of freedom;

5=1,65 20 (F.2)

F.5 Mean scatter g

This scatter shall be determined using the last 11 measurement readings of resistance. These
11 readings start at the 250th cycle point, and then every 75 cycles 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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A A
k k SI2-K
Line of best fit \ (@) x
o o o _
o 0O M-K D-
o) O
/ |
O O : O A
! SI2-K
1
° 1 Y Y
1
L 200 200 1 1
| bsc asc 250 325 400 475 550 625 700 775 850 925 1000  Cycles
[l 1 [ 1 1 1 1 ] 1 1 1 1 1 1
Ll ] ] 1 ] ] 1 1 ] ] 1 1 ] ]
-5 -4 -3 -2 -1 0 1 2 3 4 5 X

Key

bsc = bdfore short-circuit test

asc = affer short-circuit test

Fijgure F.1 — Graphic example of assessment of a Class‘A individual connectg

For eagh connector, its mean value over the interval x =540 +5 shall be calculated.

Hence|six values are obtained. The mean‘f these six values is then:

K=

16_
5 2k

The standard deviation:

and thé—seatter:

A s,
5%k
Where 7, = 4,032 as before.
Hence:
=165 —
UK

ol

IEC

(F.3)


https://iecnorm.com/api/?name=7000bf096f837e122bdddc5e18067766

IEC 61238-1-2:2018 © IEC 2018 - 35—

F.6 Change in resistance factor of each connector

F.6.1 General

To calculate the possible variation in the resistance factor of a connector over the last
11 measurement readings, the method of least squares shall be used to determine the line of
best fit. To the change in resistance factor of this line is added a quantity, the magnitude of
which depends upon the confidence interval of scatter of resistance factor values about the
line of best fit.

F.6.2 Line of best fit

The slpe of the line of best fit over the range x = -5 to +5 is given by:

Hence| the per-unit change in resistance factor is:

M =10 (F.5)

= || o

Where| &z has the value given by Equation (F.3):
The pgdrameter M is evaluated for each of the six connectors.

F.6.3 Confidence interval 6

The canfidence interval ¢; for thexchange in resistance factor is:

is the Studenf.coefficient;
ts = lg.¢.95 & 1,833 for a 90 % two-sided confidence level and (11 — 2) = 9 degrees of frgedom;

o is thexstandard error estimated from the line of best fit at x = +5 or x = -5.

It can be shown that o, for 11 measurements, is:

+5 7 2
o =0,564 \/ZW
-5

O 20,564XSJ'

The expression under the root sign is the standard deviation of the connector from the line of
best fit. We define this value s; since it relates to an individual connector and it should
not therefore be confused with the standard deviation of the six connectors, s, calculated at
the mean measurement position x = 0 and used for determining the scatter g.
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It should be noted that the above expression for sj can also be determined by simplifying to:

Where

and

s =%\/‘11[(1€2)-(/€)2]-110b2‘

& has the value given in Equation (F.3)

(Ez):iikz
1145

The to

The pgdrameter S is evaluated for each of the six connectors.

F.6.4

From H

11 measurements is

F.7

where:
k is

me
ko ist

F.8

al per-unit deviation from the line of best fit is then:

2.4,-c 2:1833.0564-5; 2075

S = =
k k k

Change in resistance factor D

.6.1 and F.6.2, the estimated change in the valueof % for each connector over {

OB~ 2,07 s
D=M|+S=1a"+——=
k k
Resistance factor ratio 4
1ok
kO

the connector( nesistance factor for each connector found at any stage
asurement series;

he connector resistance factor of the same connector measured at cycle no. zeroq,

Maximum temperatures 6,,,,

he last

of the

For ea

ch connector, the value of 6, shall be recorded. This is the maximum value

of the

connector temperature reached during any stage of the test. Simultaneously, the value of 6,4
shall also be recorded.
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Annex G
(informative)

Explanation on assessment of results of electrical tests on connectors

G.1 History

The wide divergence between different national test methods for electrical connectors made it
difficult for the user to compare, evaluate and accept results from tests according to different
standards. When introducing new products, it was sometimes necessary for the
manuf i - these
problems, a decision was made to establish a working group to develop an internationally
acceptpd standard with a well defined testing procedure and an assessmeht) that was
reprodlicible. The result of this work, IEC 61238-1, was presented in 1993.

The vdrious testing standards considered during the preparation of IEC 61238-1 were|based
on temlperature cycles and most of them included the application of shert=circuit currenis. The
requirgments and acceptance criteria were for the resistances to be_stable. Different methods
were used to define the stability during the short period of testing.

The statistical method of assessing test results described in’/EC 61238-1 is mainly baped on
a compromise between the Italian standard CEIl 20-28 and_the British standard BS 4579-3.
Early ip the discussions it was agreed to adopt a statistical method of evaluating the tfend of
electrigal resistances instead of the more traditional deterministic methods. Several tests were
carried out to find the similarities and differences between the two standards. The aim |was to
find a|method of statistical assessment that woeuld be relevant for a test with 1 000 heat
cycles| The Italian standard requires 1 500 ¢ycles with resistance measurements| every
60 cyc|es during the last 600 cycles and six *short-circuit current tests after 500 cycles|, while
the British standard requires 2 000 cyclestwith resistance measurements every 100(cycles
and thfee short-circuit current tests prior {6’ heat cycling.

G.2 [Short examination of the-assessment methods of IEC 61238-1 compared
with the Italian standard CEIl 20-28 and the British standard BS 4579-3

The different statistical €valuations should be viewed as a part of the complete assegsment
procedure. All three standards require six identical specimens to be installed in a tegt loop
and 11| resistance measurements constitute the basis for the statistical assessment. It [should
be noted that theyformula symbols in each standard may have different meanings. Table G.1
lists the various~connector characteristics examined for [IEC 61238-1.

The mainr difference between the Italian and the British regression analysis is that the former,
except|for“temperature requirements, assesses the six specimens as a group whereag in the
British standard each specimen is assessed individually.

The individual regression analysis, which is incorporated in BS 4579-3 and also adopted in
IEC 61238-1, is essential to provide adequate sensitivity to the change of resistance for a
single sample. The analysis looks at the scatter of measurements about the line of best fit.
However, the method is sensitive to anomalous readings, which may be a merit of the test as
it can detect the onset of deterioration. The possibility that incorrect readings may affect the
analysis should also be considered.

Group regression analysis as specified in the ltalian standard CEIl 20-28 is a sensitive
indicator of scatter and has the advantage of taking into account all 66 measurements. The
method responds to differences between samples and to the change of resistance for
particular samples. However, the method is less sensitive to the instability of a single
specimen.
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This formula in IEC 61238-1 for mean scatter is a group regression analysis based on the
standard deviation between the mean of the six groups of specimen values averaged over
11 measurements. The ltalian regression method is based on the calculation of mean values
of the six specimens obtained for each of the 11 measurements.

The group regression analysis is a verification of whether or not the tested connectors belong
to the same family.

G.3

would

betwegn the resistance of a connector and an equivalent length of the conduetg

adopti

Other

— the

— the
Th
to

— the
ead
pro

— the
sta

— the

The s

The IEC 61238-1 method of assessing test results

be independent of the absolute value of connector resistance. k is the relat

n of k is also expected to give improved measurement reproducibility.

parameters that shall be calculated include:

initial scatter & between the initial six values of &y before heat cy¢ling;

mean scatter g between the six values of £ averaged over the last 11 measure
assessment verifies that the connectors behave in the samé way and that they
e same “family”;

h connector over the last 11 measurements. Statistical methods are used to ass
bability that the change of resistance will not eXceéed the specified value;

resistance factor ratio A4, which shows the.relationship between the resistance
je of the measurements and the initial resistance;

maximum temperature 6,

max Of the test\objects.

lection of assessment criteria and“values was made after evaluating test resu

experig¢nce from different laboratories-and countries.

At an
the acq

early stage during the development of IEC 61238-1, k itself was included as
eptance criteria together with the change in £ due to the short-circuit test. To

the number of acceptance criteria, a decision was taken to exclude these parameters.

nalysis
onship
r. The

ments.
belong

change in resistance factor D, which shows the change of the resistance factIr k for

ss the

at any

ts and

one of
reduce
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Table G.1 — Summary of assessed behaviour of a tested connector

General requirements

Type tested connector shall show the same
behaviour regarding the following aspects:

Assessment in IEC 61238-1

Related test parameter and limit values
covering the general requirement:

All tested connectors of a specific design shall be
similar in resistance after installation.

The initial scatter ¢ between the six values of k, before
heat cycling shall not exceed the value 0,30 as given in
Table 3.

The resistances of each tested connector shall remain
stable during the entire electrical test, including the
short circuit test, if applicable.

The resistance factor ratio 4 of each tested connector
shall not exceed 2,0 as given in Table 3.

The resistance of each tested connector shall not rise

The mean scatter #shall not exceed the value 0 30 and

excessijely during the last 750 heat cycles and all
connectdrs shall show similar behaviour.

the change in resistance factor D shall not exceed 0,15
as given in Table 3.

The conhectors shall never overheat during any phase
of the electrical test.

For each specimen the temperature of the |connedtor
during current-heating shall not exceed)that of the
reference conductor when measured as‘given in
Table 3.

If applic@ble, the connector shall withstand a specified
pull-out force related to conductor size and conductor
material|to guarantee the required basic mechanical
tensile strengths occurring in service.

Mechanical tensile strength for all connectors except of
Class 0: no slipping shall oécurat the entrance of]
installed connectors after\applying the related
mechanical tensile force given in Table 4.

NOTE Electrical and mechanical tests of connectors are performed with 'Separate samples in this type tegt which
is sufficlent to cover cable applications described in Clause 1. Other combined mechanical and electri¢al tests
performé¢d on the same samples are under consideration for spegial“applications for example to verify the [aptitude
of a conphector design to handle possible displacements in cableinstallations.
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Annex H
(informative)

Tests on multicore connectors

Principle

Electrical tests

Annex H gives some testing arrangements that may be used to test multicore connectors for

specifi
differe
standa
test r

manufacturer and customer.

Multicqre connectors (e.g. ring connectors) are usually insulation piercing throug
branch-connectors used in accessories on multicore low voltage rdistribution cable
condugtor nominal cross-sectional areas up to and including 240 mm2,

A pregonditioning test on each test specimen used in the.electrical type test m
performed to cover stresses during installation for exampleé_coming from live load-pic
descriljed in Annex I.

One a

cycling and short-circuiting by passing the same“current through almost all involved c

L uab:c dUO;yIIO oubjcutcd t\J O}JUU;I‘;\J bqb:U IIUtVVUIIr\ U}JUIat;UII Uulld;t;ullo. BCU
nt designs, different use and different test experience in various countries, no“cq
rd requirements can be considered for these applications at the moment. Therefq
pcommendations are presented, the choice of which will be agreed bq

m of these test recommendations is to create maximum load stresses durin

use of
mmon
re two
btween

- and
s with

ay be
kup as

g heat
bres of

the multicore cable in parallel and by subjeéting the multicore connector to the highest

possib

material of the cables adjacent to the installed multicore connector.

The other aim is to assess each connection inside a multicore connector individuall

existin

connegtors. In multicore connegtors where clamping devices are acting simultaneoy

adjace

specinmen. The note in Table 3, which contains electrical test requirements, says th

values
howev

improve the recommendations and work on common requirements for the next edition

docum

H.1.2

Usuall

e thermomechanical stress without changing the properties of the involved ins

) assessment criteria in this~document can only be applied on statistical indep
nt core-connections this' rule is not fulfiled due to the proximity effect b¢

given in this document are based on experience. For multicore connectors t

ent.

Mechanical tests

ulation

y. The
endent
sly on
ptween
at the
nere is

br a lack of experience. Users are invited to collect and share test experience to

of this

these connectors can be classified according to Class 0, because the acg

essory

withstands the mechanical loads. If the connector is classified according to Class 1, then the
branch connections can be individually tested as per Clause 7.

H.2

H.2.1

Test recommendations for electrical tests based on test experience in the

UK and in France

General

Subclause 6.1 is taken as reference with the following modifications:

— The number of multicore connectors shall be two therefore the number of phase’s
connections shall be six.
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H.2.2 Measurement

Subclause 6.2 is taken as reference with the following«wremarks.

H.2.3 Heat cycling test

Subclause 6.3 is taken as referencewith the following remarks.

H.2.4 Short-circuit test (only for Class A)

Subclause 6.4(is)taken as reference with the following modifications.

Upon the customer's requirement, the installation can be done with the complete cable (all
the phases are to be used) in order to perform the test in the “field configuration”. The test
conditions are to be agreed with the customer.

When the connector is used as through connector, Figure H.1 a) or Figure H.1 b) have to
be used.

When the connector is used as branch connector, Figure H.2 a) or Figure H.2 b) have to
be used.

When there are more than one branch conductor to be connected Figure H.2 a) or
Figure H.2 b) have to be taken as reference.

The neutral conductor should be heated in order to maintain a homogenous temperature in
thermutticore—connester—Thetrain—conrductoris—connected—witheutthe—-branreh—eonfluctor.
In any case, the neutral conductor should be only monitored and should not be pan{ of the
tesy.

e |When the nominal cross-sectional area is the same as the phases (see Figure|H.1 a)
or Figure H.2 a)), the main conductor is connected without tap.

e [When the nominal cross-sectional area is not the same (sge Figure H.1b) or
Figure H.2 b)), an additional circuit can be connected in‘|order to adjust the
temperature of the neutral conductor.

If @dditional tests on neutral connectors are performed separately, the specifijc test
corlditions should be mentioned.

/; measurement has to follow Figure 5 d),
thermocouple positioning has to follow Figure 1.

In hddition to the actual temiperature adjustment for main and tap phases, the heutral

negds to be monitored with a larger tolerance (i.e. 6,4 jg K). The aim of the|larger

tolgrance is to allowedifferent possibilities of adjusting the temperature in the peutral
corlductor. Furthermore, the neutral is not part of the test.

In jorder/to highlight the thermal effect on the multicore connector, two setups are
proposéd, the first one through the branch conductor and second one through the main
conductor.

Then, for each combination, three short circuits should be applied, in total six short circuits
should be applied:

connector 1 phase 1 and connector 2 phase 1 with branch conductor as reference for
current setting;

connector 1 phase 2 and connector 2 phase 2 with branch conductor as reference for
current setting;

connector 1 phase 3 and connector 2 phase 3 with branch conductor as reference for
current setting;

connector 1 phase 1 and connector 2 phase 1 with main conductor as reference for
current setting;
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— connector 1 phase 2 and connector 2 phase 2 with main conductor as reference for
current setting;

— connector 1 phase 3 and connector 2 phase 3 with main conductor as reference for
current setting.

In the case of connectors used as through connectors, only one setup is applicable.

H.2.5 Results evaluation

Subclauses 6.5 and 6.6 are taken as reference with the following modification:

— The_maximum value of initial scatter & could be increased to reflect the interaction
betiween each connection (to be determined after investigation).
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Figure H.1 — Test loops for through connectors
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Figure H.2 — Test loops for branch connectors

H.3 Test recommendations for electrical tests based on German standard
DIN VDE 0220- 3

H.3.1 General

A different assessment of the test recommendations is proposed in this document based on
DIN VDE 0220-3. The advantage is that the test results are comparable to test- and field-
experience which has been collected for more than 30 years with multicore cable applications
in Germany.

Test results based on this document and test results based on DIN VDE 0220-3 are not
comparable. The test recommendations described below are not identical to that of
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DIN VDE 0220-3 but are expected to create comparable assessment results by using
measuring methods and temperature profiles for heat-cycling as described in this document.

If multicore connectors are designed to be used for a range of cross-sectional areas of
conductors in through and/or branch cables, the tests should be carried out in two
combinations:

— maximum main size and maximum branch size,
— minimum main size and maximum branch size.
The test recommendations for multicore connectors are applicable to designs used on three-
and four-core low voltage distribution cables. In cable designs where the neutral and/or shield

cannof| be subjected to the same nominal current as the phases, these current carrying parts
may ngt be heat-cycled and may not be assessed.

H.3.2 Test setup for electrical test

The test setup consists of several test branches, each of them containing one multicore
connegtor installed on multicore cables fixed to a mechanically (tigid test framp with
disconpecting terminals installed at the ends of each cable conductor to allow the elgctrical
interconnection of different cable cores to pass test currents during different test sequeIces.

The recommended test sequence makes it necessary to change current flow through different
cable-gores of the test setup from time to time for examplé. for heat-cycling, for short-cifcuiting
and fof resistance measurement. To avoid excessive{mechanical movement on the |tested
connegtors it is recommended to use a rigid frame_where all terminals on cable conductors
are me¢chanically anchored and the interconnection-between different terminals can |be set
and cllanged without any additional mechanical impact on the tested connectors. Tq avoid
additiopal thermal influence, a minimum installation distance of 4 according to Figurg 3 and
Figure|4 between specimen and disconnecting terminals should be used. As disconnpecting
terminjls, bare cable lugs mechanically, fixed to a rigid electrically insulated test framg may,
for exgmple, be used. The current carrying capacity of the linking-cables or -parts attaghed to
the anghored terminals should be almost equal to the tested cable conductors to avold heat
sourcep or heat sinks.

Cores [in multicore cables might be manufactured by using conductors not made out|of the
same production length, even when from the same size, shape and material. Therefore it is
recomiended to build @l*test branches using the same cables in each parallel test pranch
taken put of one continuously produced length. Then only one reference conductor fgr each
main cpre and one.for each branch core can be used and identified by having the samg color
of insujation.

ulticore connector is placed per test branch. The installation of the mudlticore
allation

: H e cores
should be made according to the manufacturer’s installation instruction, which should be part
of the type test report. Adjacent to the cuts of the outer cable protection, the complete cables
should be kept in the original shape at least at a distance of 100 mm and should be fixed by
cable cleats to the rigid test frame to avoid movement on the specimen during handling of the
complete test setup during the type test. For stranded conductors, equalizers should be
installed, preferably located between cable cleats and anchoring clamps. As a result, the
lengths of /, and /, will be longer than given in Figure 3 for the main conductor but should be
minimized by placing the equalizers close to the cable cleats. The preferred test method is to
have the branches not bended up to the equalizer and to fix the branch cores individually to a
mechanical fixed structure of the test setup near the equalizer, not necessarily representing
the real installation of a branch in joints.

One possibility when installing the branches of the multicore connector is to dismantle the
multicore branch cable in single insulated conductors, place the equalizers to create the same
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distances on each core from the limit-mark at the end of /; where the cable will be clamped to
each equalizer. Afterwards the cores should be bended to fit into the clamp.
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Figure H.3 — Example of test setup-for multicore branch connectors
on a four-core cable consisting of several test branches

In this |example, the preparation for the ongoing main cable is not shown but should bg made
in the same way as for the feeding main, if the short circuit test should also be performed or if
the mafin and branch cables shouldfun in parallel during heat-cycling.

H.3.3 Resistance assessment branches of the test setup

Test branches for resistance measurement should use equalizers in the case of stfanded
condugtors or potentiallmeasuring positions in the case of solid conductors placed adjagent to
the splot where .the"accessible cable core insulation meets the connector insulatipn, as
descriljed in this;document, by keeping a minimum distance of 10 mm.

H.3.4 Temperature measurement in a separate test branch during the first and
sécond heat-cycle

While the insulation is an integral part of the installed multicore connector which may
influence its performance behaviour, the prepared test objects for resistance stability
assessment should not be modified because there is a certain risk that manipulated specimen
might be damaged by applying temperature measurement equipment inside the connector.

It is recommended to use an additional test branch in the test setup for temperature
measurement of each metal part used for the conductor-connection inside the multicore
connector and for the temperature and current control of each conductor in the main and
branch cables. All metallic contact parts in this multicore connector installed in the
temperature measuring branch should be equipped with thermocouples. Multicore connectors
may have more than one metal piece to connect two conductors. As the uncertainty in
temperature measurement of small metal parts depends very much on the correct installation
of the thermocouples, more than one thermocouple may be applied in different ways. It is
recommended to record and use the maximum measured temperature value as the connector
temperature.
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For temperature measurements of reference conductors, a thermal equivalent configuration
compared to the real cable should be tested by keeping the cores in the original position
inside the cable and rebuilding the insulation layers of the cable where thermocouples are
applied. No equalizers should be used in this branch of the test setup and no installation of
resistance measurement equipment should require further separation of conductors and
further removal of cable insulation.

Test branches for resistance measurement and/or the arrangement with the single core
reference conductors should be interconnected and serial loaded in the same way as the test
branch for temperature measurement.

act the

temperature of each core conductor adjacent to the multicore connector;should not
+ 15 K to avoid damage of the penetrated core insulation, whichis an iptegral

temperature of any metallic contact part in multicore connectors-should not ¢xceed
10Q °C.

— The conductor temperature of any insulated cable core in its- original position inside the
multicore cable should not exceed 140 °C.

As sog@n as one of these temperature conditions is met, (the temperature recorded|in the
refererjce conductor measurement branches will be tsed as control parameter for the
following heat cycle as described in 6.3.3.

The temperatures of conductors inside the insulated'multicore cable are expected to be|higher
than in the case of the single core IPC testCwhen passing the same current due |to the
adjacept placed current carrying conductors.xTFhe original cable position is also kept in some
parts df the resistance measuring branchestwhere the cable is cleated. It should be controlled,
that the temperature in these parts will net’exceed 140° C because then material propefties of
aluminpm conductors may change and may have an impact on resistance readings if these
parts dre located between connector'and equalizers.

The following values should be recorded in the test report:

— equilibrium current I
— mefian value of miaximum temperatures in main reference conductors while I is applied;

— mefian value of.\mnaximum temperatures in branch reference conductors while Iy is applied.
While serial loaded, this equilibrium current I will create certain end temperatures in every
main and branch reference conductor used for resistance measurement. These temperatures

should| b& measured and a median reference conductor should be determined which |should
then bé ed i ving an

IPC systems are sensitive to the temperature exposure times because of the insulation
material creepage. The DIN VDE test is using only on and off regulation of the current to get a
heating profile. To get comparable results, using current regulation as described in 6.3.3 is
recommended when determining the heating profile during the second heat cycle.
Alternatively ¢4 should be maximum 30 min and ¢, minimum 30 min to limit the energy input.

The temperature test branch is only used temporarily during the first and second heat cycle
and should then be removed, as the necessary heating currents may overheat and damage
the installed main and branch cable in its original shape and as the installed multicore
connector may lose mechanical stability during subsequent heat cycles because of the
applied thermocouples.
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