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Foreword 

The text of document 20/599/FDIS, future edition 2 of IEC 61238-1, prepared by IEC TC 20, Electric 
cables, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as 
EN 61238-1 on 2003-06-01. 

A draft amendment, prepared by the Technical Committee CENELEC TC 20, Electric cables, was 
submitted to the formal vote and was approved by CENELEC for inclusion into EN 61238-1 on 
2003-06-01. 

The following dates were fixed: 

– latest date by which the EN has to be implemented 
 at national level by publication of an identical 
 national standard or by endorsement 

 
 
(dop) 2004-03-01 

– latest date by which the national standards conflicting 
 with the EN have to be withdrawn  

 
(dow) 2006-06-01 

Annexes designated "normative" are part of the body of the standard.  
Annexes designated "informative" are given for information only.  
In this standard, annexes A, B, E and ZA are normative and annexes C, D, F, G and H are informative. 
Annex ZA has been added by CENELEC. 

__________ 

Endorsement notice 
The text of the International Standard IEC 61238-1:2003 was approved by CENELEC as a European 
Standard with agreed common modifications. 
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INTRODUCTION 

This part of IEC 61238 deals with type tests for compression and mechanical connectors for 
use on copper or aluminium conductors of power cables for rated voltages up to 36 kV 
(Um = 42 kV). When a design of connector meets the requirements of this standard, then it 
is expected that in service: 

a) the resistance of the connection will remain stable; 
b) the temperature of the connector will be of the same order or less than that of the 

conductor; 
c) the mechanical strength will be fit for the purpose; 
d) if the intended use demands it, application of short-circuit currents will not affect a) and b). 

It should be stressed that, although the electrical and mechanical tests specified in this 
standard are to prove the suitability of connectors for most operating conditions, they do not 
necessarily apply to situations where a connector may be raised to a high temperature by virtue 
of connection to highly rated plant, or where the connector is subjected to excessive 
mechanical vibration or shock or to corrosive conditions. In these instances, the tests in 
this standard may need to be supplemented by special tests agreed between supplier and 
purchaser. 
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COMPRESSION AND MECHANICAL CONNECTORS  
FOR POWER CABLES FOR RATED VOLTAGES  

UP TO 36 kV (Um = 42 kV)  – 
 

Part 1: Test methods and requirements 
 
 
 

1 Scope and object 

This part of IEC 61238 applies to compression and mechanical connectors for power cables for 
rated voltages up to 36 kV (Um = 42 kV), e.g. buried cables or cables installed in 
buildings, having 

a) conductors complying with IEC 60228 and IEC 60228A with cross-sectional areas 10 mm2 
and greater for copper and 16 mm2 and greater for aluminium, 

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

This standard is not applicable to connectors for overhead conductors, which are designed for 
special mechanical requirements, or to separable connectors with a sliding contact or multi-
core connectors (i.e. ring connectors). 

Although it is not possible to define precisely the service conditions for all applications, two 
broad classes of connectors have been identified. 

Class A 

These are connectors intended for electricity distribution or industrial networks in which they 
can be subjected to short-circuits of relatively high intensity and duration. As a consequence, 
Class A connectors are suitable for the majority of applications. 

Class B 
These are connectors for networks in which overloads or short-circuits are rapidly cleared by 
the installed protective devices, e.g. fast-acting fuses. 

Depending on the application, the connectors are subjected to the following tests: 

Class A: heat cycle and short-circuit tests; 
Class B: heat cycle tests only. 

The object of this standard is to define the type test methods and requirements, which apply 
to compression and mechanical connectors for power cables with copper or aluminium 
conductors. 

Formerly, approval for such products has been achieved on the basis of national standards and 
specifications and/or the demonstration of satisfactory service performance. The publication of 
this IEC standard does not invalidate existing approvals. However, products approved 
according to these earlier standards or specifications cannot claim approval to this IEC 
standard unless specifically tested to it.  
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After they have been made, these tests need not be repeated unless changes are made in the 
connector material, design or manufacturing process which might affect the performance 
characteristics. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For 
dated references, only the edition cited applies. For undated references, the latest edition of 
the referenced document (including any amendments) applies. 

IEC 60050(461):1984, International Electrotechnical Vocabulary (IEV) – Chapter 461: Electric 
cables  
Amendment 1 (1993) 

IEC 60228:1978, Conductors of insulated cables 

IEC 60228A:1982, First supplement – Conductors of insulated cables – Guide to the dimen-
sional limits of circular conductors 

IEC 60493-1:1974, Guide for the statistical analysis of ageing test data – Part 1: Methods 
based on mean values of normally distributed test results 

3 Definitions 

For the purposes of part of IEC 61238, the following definitions apply. Where possible, the 
definitions used are in accordance with IEC 60050(461). 

3.1  
connector (of cables) 
metallic device for connecting a conductor to an equipment terminal or for connecting two or 
more conductors to each other  

[IEV 461-17-03, modified]  

3.2 
through connector 
metallic device for connecting two consecutive lengths of conductor 

[IEV 461-17-04] 

3.3 
branch connector 
metallic device for connecting a branch conductor to a main conductor at an intermediate point 
on the latter 

[IEV 461-17-05] 

3.4 
(terminal) lug  
metallic device to connect a cable conductor to other electrical equipment 

[IEV 461-17-01] 
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3.5 
palm (of terminal lug)  
part of a terminal lug used to make the connection to electrical equipment 

[IEV 461-17-07] 

3.6 
barrel (of terminal lug, of connector, etc.)  
part of a device into which the conductor to be connected is introduced 

[IEV 461-17-06] 

3.7 
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 

3.8 
equalizer  
arrangement used in the test loop to ensure a point of equipotential in a stranded conductor 

3.9 
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 

3.10 
mechanical jointing  
method of securing a connector to a conductor, for example by means of a bolt or screw acting 
on the latter or by alternative methods 

3.11 
median connector 
connector which during the first heat cycle records the third highest temperature of the six 
connectors in the test loop 

3.12  
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 

[IEV 461-11-08] 

NOTE The abbreviation IPC will be used throughout the standard. 
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4 Symbols 

A nominal cross-sectional area of the conductor 

D change in the resistance factor of the connector 

I  direct current flowing through a connection during resistance measurement 

Irms equivalent r.m.s. short-circuit current 

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

Ir 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 

la, lb, lj  lengths of the connector assembly associated with the measurement points after 
jointing  

lr length of the reference conductor between measurement points 

t1 heating time 

t2 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 points when current I is flowing 

Ur  potential difference between measuring points on a reference conductor when current 
Ir is flowing 

α temperature coefficient of resistance at 20 °C 

β mean scatter of the connector resistance factors 

δ initial scatter of the connector resistance factors 

λ resistance factor ratio: change in the resistance factor of the connector, relative to its 
initial resistance factor 

θ temperature of a connector 

θmax maximum temperature recorded on a connector over the total period of test 

θR temperature of the reference conductor determined in the first heat cycle 

θref temperature of the reference conductor at the moment of measuring θmax 
 
NOTE Suffixes may be used to indicate values for the individual connector, see Annex F. 
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5 General 

5.1 Conductor 

The following information shall be recorded in the test report: 

– conductor material; 
– nominal cross-sectional area, dimensions and shape. It is recommended that the actual 

cross-sectional area should also be given; 
– type of conductor, i.e. solid or stranded. In the case of stranded conductors, details of 

conductor constructions shall be given when known, or can be determined by inspection, 
e.g: 
– compacted; 
– non-compacted; 
– flexible (Class 5 and 6, according to IEC 60228); 
– number and arrangement of strands; 
– type of plating, if applicable; 
– type of impregnation, water blocking, etc., if applicable; 

– approximate indication of hardness, e.g. annealed, half-hard, hard; 
– in the case of insulation-piercing connectors, material and thickness of insulation. 

5.2 Connectors and tooling 

The following information shall be recorded in the test report: 

– the assembly technique that is to be used; 
– tooling, dies and necessary setting; 
– bolts, nuts, washers, torque, etc.; 
– preparation of contact surfaces, if applicable; 
– type, reference number and any other identification of the connector; 
– in the case of insulation piercing connectors, type of insulation and installation temperature. 

5.3 Range of approval  

In general, tests made on one type of connector/conductor combination apply to that 
arrangement only. However, to limit the number of tests the following is permitted: 

– a connector which can be used on stranded round conductors or on stranded sector-
shaped conductors which have been rounded, is approved for both types if satisfactory 
results are obtained on a compacted round conductor; 

– a connector which covers a range of cross-sectional areas shall be approved, if satisfactory 
results are obtained on the smallest and the largest cross-sectional area (see Note 2 
below); 

– if a connector is a through connector for two conductors of different cross-sectional areas, 
shapes, or materials, and if the technique 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; 
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– if a manufacturer can clearly demonstrate that common and relevant connector design 
criteria were used for a family of connectors, conformity to this standard 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. 

– in the case of range-taking connectors, the maximum and minimum conductor cross-
sectional area for the selected connectors shall be tested; 

– satisfactory test results on insulation piercing connectors tested on PVC insulation at lower 
temperatures for heat cycles and for short-circuits shall give approval of such connectors 
for PVC insulation only; 

– satisfactory test results of a connector on dry conductor shall give approval for its use on a 
conductor of the same type from an impregnated paper insulated cable; 

– for 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. 

NOTE 1 Examples of relevant design criteria include 

– compression reduction, 

– number of contact screws or crimps, 

– force per unit area of contact screw or crimp, 

– ratio of amount of material of connector to that of conductor. 

NOTE 2  Different types of water blocking may affect the performance. 

6 Electrical tests 

6.1 Installation 

All conductors of the same cross-sectional area in the test loop shall be taken from the same 
continuous core.  

For each series of tests, six connectors shall be fitted in 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 between the strands at measuring points can cause errors 
in measuring electrical resistance. Equalizers (see 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 points. 

In the case of insulation piercing connectors, the insulation shall be retained on the conductor 
under the connector and for a distance of at least 100 mm outside the connector. Reference 
conductor(s) with the insulation retained shall also be included in the test loop. If the connector 
is to be tested according to Class B, there is no need for bare reference conductors. 

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. 

For assembly of the IPC, the temperature shall be (23 ± 3) °C. 
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In the case of solid conductors, the potential measuring points shall be as close as possible to 
the connector in order to reduce la and lb close to zero. 

The test loop may be of any shape provided that it is arranged in such a way that there is no 
adverse affect from the floor, walls and ceiling.  

To permit the short-circuit tests (Class A connectors only) to be made easily, the loop can be 
made dismantleable. In this case, the technology of the sectioning connections shall be such 
that they do not influence the measurements, particularly from the point of view of temperature.  

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

6.1.1 Through connectors and terminal lugs 

The test loop is shown in Figure 1, which indicates the dimensions that shall be used. 

Where terminal lugs are to be tested, the palms shall be bolted to linking bars in accordance 
with the manufacturer's instructions. These linking bars shall, at the point of connection, be of 
the same dimensions and thickness as the palm, and also of the same material. 

It may be necessary to adjust the thermal characteristics of the linking bar outside the point of 
connection, to achieve the temperatures specified in 6.3. As an alternative to linking bars, tests 
can be made on terminal lugs with palm connected direct to palm. In case of disagreement, the 
method with linking bars shall be used. 

If however it is requested that the terminal lug test includes an evaluation of the performance of 
the bolted palm when connected to a plant terminal, then linking bar ends, or an intermediate 
piece, shall be used of a material, size and surface coating agreed between the parties.  

6.1.2 Branch connectors 

When the branch connector is intended for a branch cross-sectional area equal to the main, or 
a 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 is 
applicable. In other cases, the test loop shall be as shown in Figure 2. 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 as for through connectors. 

6.2 Measurements 

6.2.1 Electrical resistance measurements 

Measurements of electrical resistance shall be made at stages throughout the test as specified 
in 6.3. 

These measurements of resistance 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. 
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The recommended method is to pass a direct current of up to 10 % of the heat cycling current, 
through the connectors and the reference conductor, without increasing the temperature and to 
measure the potential difference between specific potential points. The ratio of potential 
difference and direct current is the resistance between those points. 

NOTE To improve the accuracy of the resistance measurement, it is recommended that the same direct current is 
used throughout the test programme. 

For branch conductors assembled in accordance with Figure 2, the whole of the measuring 
current shall flow through that part of the connector whose potential difference is being 
measured. Switches or disconnect points may be provided for this purpose.  

Thermoelectric voltages may affect the accuracy of low resistance measurements (of the order 
of 10 µΩ). If this is suspected, two resistance measurements shall be taken with the direct 
measuring current reversed between readings. The mean of the two readings is then the actual 
resistance of the sample. 

The potential points shall be as indicated in Figure 3, and Annex B, and the various lengths 
shown shall also be measured to enable the actual connector resistances to be determined. 
The temperature of connector and reference conductor shall be recorded when resistance 
measurements are made. For direct comparison, the resistance values shall be corrected to 
20 °C. Information on the recommended method is also given in Annex B. Temperature 
measurements at these locations shall be made during the heat cycling test. 

Indirect resistance readings: 

– voltage measurements shall have an accuracy within ±0,5 % or ±10 µV, whichever is the 
greater; 

– current measurements shall have an accuracy within ±0,5 % or ±0,1 A, whichever is 
the greater. 

Direct resistance readings: 

Resistance measurements shall have an accuracy within ±1 % or ±0,5 µΩ, whichever is the 
greater when the instrument is calibrated against a certified standard resistance. 

6.2.2 Temperature measurements 

The temperature measurements shall be made at stages throughout the test, as specified 
in 6.3. 

Temperatures of both connectors and reference conductors shall be measured at the points 
indicated in Figure 3. The recommended method of temperature measurement is to use 
thermocouples. Temperature readings shall have an accuracy within ±2 K.  

6.3 Heat cycle test 

The heat cycling test shall be made with alternating current. 

6.3.1 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. 

a) Non-IPC through connectors and terminal lugs 
 Current is circulated in the test loop, bringing the reference conductor to 120 °C at 

equilibrium. 
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 Equilibrium is defined as the moment when the reference conductor and the connectors do 
not vary in temperature by more than ±2 K for 15 min.  

 If the temperature of the median connector (see 3.11) is equal to or greater than 100 °C, 
the reference conductor temperature for subsequent heat cycles shall be deemed to be 
120 °C. If not, then the current shall be increased until the median connector temperature 
reaches 100 °C at equilibrium, subject to the reference conductor temperature not 
exceeding 140 °C. If the temperature of the median connector does not reach 100 °C, even 
with a reference conductor temperature of 140 °C, the test shall be continued at that 
temperature. The measured reference conductor temperature θR shall then be used for 
subsequent heat cycles (120 °C ≤ θR ≤ 140 °C). The current IN at equilibrium temperature 
shall be recorded in the test report. 

NOTE 1 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 temperature of the reference conductor θR, with 
a tolerance of  ±5 K. 

b) Non-IPC branch connectors 
 Where it is necessary to use the circuit shown in Figure 2, current shall be circulated in the 

test loop, bringing the main reference conductor and the three branch reference conductors 
to 120 °C at equilibrium. To achieve this, the currents in the three branches shall be 
adjusted by current injection or impedance control. If the median connector temperature 
(see 3.11) is then equal to or greater than 100 °C, the reference conductor temperature for 
subsequent 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 
equilibrium, 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 so as to ensure that each branch reference temperature is the same as the main 
reference temperature. The measured reference conductor temperature θR on the main and 
branch conductors, shall then be used for subsequent heat cycles (120 °C ≤ θR ≤ 140 °C). 
The current(s) IN at equilibrium temperature in the main and branch conductors shall be 
recorded in the test report. 

c)  IPC 
 For tests of IPCs, the same test loop as in Figure 1 or 2 shall be used except that 

the insulated reference conductor(s) is (are) added in the circuit. During cycling, the 
temperature on the median connector shall be modified to be 10 K higher than the 
maximum conductor temperature in normal operation for which these type of connectors 
are intended. However, the circulated current shall be limited so that the temperature of the 
insulated reference conductor at equilibrium is not more than 10 K to 15 K above 
the maximum conductor temperature in normal operation. In the case of branch connectors, 
it may be necessary at intervals throughout the test, to adjust the current in an individual 
branch so as to ensure that each branch reference temperature is the same as the main 
reference temperature. The current(s) IN at equilibrium temperature in the main and 
possible branch conductors shall be recorded in the test report. 

NOTE 2 If a connector is used in an application where considerably higher temperatures are reached than the 
maximum conductor temperature in normal operation, additional tests at higher temperature of the test loop may be 
made, after agreement between manufacturer and user. The additional increase in temperature of the test loop 
should be achieved by the application of thermal insulation.  

6.3.2 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 θR determined in 
6.3.1, with a tolerance of 0

6+  K and the median connector temperature is stable within a band 

of 2 K over a 10 min period. 
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An elevated current may be used to reduce the heating period. The duration of this elevated 
current is given in Table 1. The current shall thereafter be decreased or regulated to a mean 
value of the current close to IN 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 reference conductor temperature shall be the control parameter, in order to keep the 
temperature profile during the heat cycle test. In this way, the fluctuation of the ambient 
temperature will not affect the temperature profile of the reference conductor.  

Table 1 – Minimum elevated current heating time 

Nominal conductor  
cross-sectional area, A  mm2 

Al 

Cu 

16 ≤ A ≤ 50 

10 ≤ A ≤ 35 

50 < A ≤ 150 

35 < A ≤ 95 

150 < A ≤ 630 

95 < A ≤ 400 

A > 630 

A > 400 

Time   min  5 10 15 20 

 
The reference temperature time (t1) heating profile, see Figure 4, determined in this way shall 
be recorded and used for all subsequent cycles. 

After the period t1, follows a period t2 of cooling to bring the temperature of all connectors and 
the reference conductor to a value ≤35 °C. 

It may be necessary in subsequent heat cycles to adjust t2 to ensure that the temperature 
conditions are reached. 

If accelerated cooling is used, it shall act on the whole of the loop, and use air within ambient 
temperature limits. 

The total period t1 + t2 constitutes a heat cycle (see Figure 4). 

6.3.3 Subsequent heat cycles 

A total of 1 000 heat cycles (as defined in 6.3.2) shall be made. After the cooling period of the 
cycles indicated below, the resistance and temperature of each connector and each reference 
conductor shall be recorded as indicated in 6.2. The maximum temperature of each connector 
during the cycle just prior to or following the resistance measurements shall also be recorded. 

Measurements shall be made at the following cycles: 

 Class A Class B 

0 (before the first heat cycle, see 6.3.1) 0 (before the first heat cycle, see 6.3.1) 
200, before short-circuit 250 
200, after short-circuit then every 75 cycles  
250 (in total 12 measurements) 
Then every 75 cycles  
(in total 14 measurements) 

A tolerance of ±10 cycles may be used. 
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6.3.4 Short-circuit tests (for Class A connectors only) 

Six short-circuits are applied after the 200th heat cycle. 

The short-circuit current level shall be such that it raises the bare reference conductors from a 
temperature of ≤35 °C to a temperature between 250 °C and 270 °C. 

However, for IPC connectors the short-circuit current shall be limited so that the temperature of 
the insulated reference conductor does not exceed the maximum permissible temperature 
of the insulation. 

NOTE 1 The short-circuit current may be calculated according to Clause 3 of IEC 60949 and may be determined in 
accordance with Annex D of this standard as a method for selecting the current needed for a certain temperature 
rise, providing the actual conductor cross-sectional area is verified. 

The maximum temperature, time and approximate current, or the actual current and time, used 
for the short-circuit test, shall be recorded and stated in the test report. 

The duration of the short-circuit current shall be ( 1 0 1
0 5

−
+

,
, ) s with a maximum current of 25 kA. 

If the required short-circuit current exceeds this value a longer duration ≤5 s with a current 
between 25 kA and 45 kA shall be used.  

After each short-circuit, the test loop shall be cooled to a temperature ≤35 °C. 

NOTE 2 For large cross-sectional areas, pre-heating up to 90 °C may be used. However, for cross-sectional areas 
exceeding 630 mm2 copper or 1 000 mm2 aluminium, the above parameters (45 kA and 5 s) are insufficient to reach 
250 °C.  

As stated in 6.1, the test loop may be dismantled for these tests. Since the short-circuit test is 
intended to reproduce the thermal effects of high currents only, the recommended method is to 
use a concentric return conductor in order to reduce the electro-dynamic forces. The test 
arrangements shall be recorded. 

NOTE 3 It should be noted that bending or vibrations during assembly, transport and handling may give rise to 
mechanical forces which affect the contact resistance of the test objects and should thus be avoided. Where tests 
are required to reproduce, e.g. forces that occur on terminal lugs bolted to a terminal plant, then the mechanical 
arrangement of the test loop should be agreed between the parties concerned. 
NOTE 4 For special applications, other short-circuit conditions may be adopted.  

NOTE 5 For branch connectors, the reference conductor is that associated with the branch. 

6.4 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 
standard. The parameters listed below are calculated (see Annex E). 

a) The connector resistance factor k shall be calculated according to Clause E.2, for each of 
the six connectors at all the measurement intervals listed in 6.3.3. 

b) The initial scatter δ, between the six initial values of k, measured at heat cycle 0, shall be 
calculated according to Clause E.3. 

c) The mean scatter β, between the six values of k, averaged over the last 11 measurement 
intervals, shall be calculated according to Clause E.4. 

d) The change in resistance factor D for each of the six connectors shall be calculated 
according to Clause E.5. D is the 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 λ shall be calculated according to Clause E.6. 

f) The maximum temperature θmax on each connector shall be recorded according to 
Clause E.7. 
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6.5 Requirements 

The six connectors shall satisfy the requirements shown in Table 2. 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 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 standard. 

Table 2 – Electrical test requirements 

Parameter Designation Text reference Maximum value 

Initial scatter  δ E.3 0,30 

Mean scatter  β E.4 0,30 

Change in resistance factor  D E.5 0,15 

Resistance factor ratio  λ E.6 2,0 

Maximum temperature  θmax E.7 θref 

NOTE Values given in this table are based on experience.  

 
 

7 Mechanical tests 

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

NOTE The pull-out force does not give any reliable indication of the electrical quality of the connector. 

7.1 Method 

The test shall be made on three additional connectors identical to those used for the electrical 
test. The connectors are fitted as for the electrical test of 6.1. The conductor lengths, between 
connectors or between connector and tensile test machine jaws, shall be ≥500 mm. The rate of 
application of the load shall not exceed 10 N per square millimetre of cross-sectional area and 
per second up to the value in Table 3, which is then maintained for 1 min.  

If the connector is tested electrically for conductors with a different cross-sectional area, the 
different connectors shall be tested individually, in accordance with Table 3. 

Table 3 – Tensile force for mechanical tests  

Conductor material Tensile force 
N 

Aluminium 

Copper 

40 × A a; maximum 20 000 

60 × A a; maximum 20 000 

a A = nominal cross-sectional area (mm2). 

 
7.2 Requirements 

No slipping shall occur during the last minute of the test.  
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8 Test report 

The test report shall include the following information: 

– connector class (see Clause 1); 
– conductor used (see 5.1); 
– connector and tooling (see 5.2); 
– installation (for example see 6.1.1); 
– current at equilibrium temperature (see 6.3.1); 
– for Class A, the short-circuit parameters (see 6.3.4); 
– electrical test results; 
– mechanical test results. 

NOTE It is advisable to show a graph of the connector resistance factor k versus the cycle number, a graph of 
temperature versus the cycle number and also a graph of the temperature profile. 
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lr

d

1 2 3

≥ d/2

≥ d/2

la lb

IEC   1395/03  
 Figure 1a – Through connectors  

 
d

d

1 2

5

4

≥ d/2

lr

≥ d/2

la

IEC   1396/03
 

 

Figure 1b – Terminal lugs 

where Key 

d ≥ 80 A or 500 mm, whichever is the greater 

A is the corresponding conductor cross-sectional area, in mm2 

lr ≥ la + lb + lj  (for lj, see Figure 3) 
 
For stranded conductors: 

la, lb ≈ 15 A  or 150 mm, whichever is the greater 

1 
2 
3 
4 
5 

reference conductor 
equalizers (for stranded conductors) 
through connectors 
terminal lugs 
linking bars 

 
Figure 1 – Typical test circuit for through connectors and terminal lugs 
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d

d

Sw

1

2 3

a

a c aa a

a
≥ d/2

lr

≥ d/2

lb

la

lrb

IEC   1397/03  
 
where Key 

d ≥ 80 A or 500 mm, whichever is the greater 

A is the main conductor sectional area, in mm2 

lr, lrb, ≥ d  
 
For stranded conductors: 

la, lb ≈ 15 A or 150 mm, whichever is the greater 

1 
2 
3 
a  
c 
Sw 

main reference conductor 
branch reference conductor 
equalizer (for stranded conductors) 
branch connector 
current control; 
switch (for branch resistance measurement) 

 
NOTE For IPC la, lb may be increased if necessary. 

 
Figure 2 – Typical test circuit for branch connectors  
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TC

IEC   1398/03 

Formulas: 
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Figure 3a – Reference conductor  

lj

TC
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IEC   1399/03

 

Formulas: 
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j
l

l
×=

R

R
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Reference: main conductor

Figure 3b – Through connector 

TC

la lblaj lbj

CU AI

IEC   1400/03  

Formulas: 
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aCur
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bjAlr
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ajCur
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j

l
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l
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=

RR

R
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Reference: copper and aluminium conductor

Figure 3c – Bimetallic through connector  
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IEC   1401/03  

Formulas: 
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branchr
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j
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branchr

j
l

l
×=

R

R
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Reference: main and branch conductor

Figure 3d – Branch connector  
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la lj

IEC   1402/03
 

Formulas: 
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×=
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Reference: main conductor

Figure 3e – Barrel of terminal lug 

TC

lj

IEC   1403/03
 

Formulas: 
 

RR =j  
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r

r

j
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l
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R

R
k  

Reference: main conductor

Figure 3f – Palm of terminal lug  
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IEC   1404/03
 

Formulas: 
 

r
arj l

l
×−= RRR  

 

j

r

r

j
l
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R
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Reference: main conductor

Figure 3g – Connection to the conductor for a mechanical connector 

=
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lj

=

IEC   1405/03  
 

Formulas: 
 

RR =j  

 

j

r

r

j
l

l
×=

R

R
k  

Reference: main conductor

Figure 3h – Connection to a terminal bar for a mechanical connector 

 
TC = Temperature measurement points 

Figure 3 – Typical cases of resistance measurements 
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2 K

6 K

10 min

t1

Time

Temperature °C

Reference conductor temperature

Median connector temperature

≤35 °C for all connectors
and reference conductor

θR

t2

IEC   1406/03  
Figure 4 – Second heat cycle 
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Annex A  
(normative)  

 
Equalizers and their preparation 

 
For stranded conductors, the potential between the strands at measuring points may cause 
errors in measuring electrical resistance. 

Welded or soldered equalizers may be used to overcome this problem and to ensure uniform 
current distribution in the reference conductor. Welded or soldered equalizers are the 
recommended methods to ensure reliable measurements. 

Other methods may be used provided they give comparable results and do not affect the 
temperature of the connectors or the reference conductor.  

A.1 Copper conductors 

Special equipment required for copper conductors includes: 
– silver solder; 
– support; 
– cooling plates; 
– heating equipment. 

Cut the conductors square and clean the ends. Place the ends in contact in a support. Solder 
the ends with a silver solder, ensuring that the conductor remote from the ends is kept 
sufficiently cool so as not to be affected. 

A.2 Stranded aluminium conductors (Figure A.1) 

Special equipment required for stranded aluminium conductors includes: 
– apparatus for TIG (tungsten inert gas) or MIG (metal inert gas) welding; 
– welding support; 
– welding rod A5 (1 100), welding rod A5 (1 050) or equivalent. 

Cut the conductors square, clean the ends, and melt them with the welding torch. (For cable 
cross-sectional areas greater than 95 mm2, melt the periphery first and then add weld metal to 
the centre to complete the chamfer.) The length of the chamfer, a, and the separation between 
the conductors for final welding b are as follows: 

Table A.1 – Equalizer dimensions  

Cross-sectional area A 
mm2 A ≤ 95 95 <A ≤ 240 A > 240 

a (mm) 

b (mm) 

3 to 5 

1 to 2 

5 to 10 

2 to 5 

7 to 12 

4 to 6 

 
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 mechanical 
properties of the conductor in the region where the contact will be made. 
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A.3 Dimensions 

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

a ab

IEC   1407/03  
Figure A.1a – Ends prepared 

 

90°

≈ 5 mm

IEC   1408/03  
Figure A.1b – Welding/soldering support 

 

 

D

le

DEq
Marking for
potential point

IEC   1409/03
 

where  

D ≤ DEq ≤ 1,2 D 

le = 10 mm to 15 mm for cross-sectional area A ≤ 95 mm2; 

le = 15 mm to 25 mm for cross-sectional area 95 mm2 < A ≤ 240 mm2; 

le = 25 mm to 35 mm for cross-sectional area A > 240 mm2. 

Figure A.1c – Welded/soldered equalizer  

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

 
Measurements 

 

B.1 Potential points for typical connectors 

Potential points for the purpose of resistance measurement are shown in Figures 3a, 3b, 3c, 
3d, 3e and 3g. Potential points on solid conductors shall be adjacent to, but not touching, the 
connector. For stranded conductors, the potential points are the mid-point of the equalizers, 
which shall be 15 A  mm or 150 mm, whichever is the larger, away from the connector. The 
actual lengths of la and lb can vary in a real test set-up at each connector. It is therefore 
necessary to take these individual readings for the calculation of the resistance for every 
individual connector. Although it is not a requirement of this standard that resistance 
measurements be made of the bolted connection to terminal equipment, it is possible to 
include this in the assessment by making such measurements either directly or by the addition 
of extra potential points (Figures 3f, 3G and 3h).  

B.2 Temperature measurement 

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

In the case of the reference conductor (Figure 3a), the thermocouple shall be positioned at the 
mid-point and securely located either in a small hole drilled in a solid conductor, or by sliding it 
under the strands of the outer layer of a stranded conductor. 

In the case of connectors (Figures 3b to 3h), 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. In 
the latter case, the thermocouple shall be protected from the effect of draughts by a small 
covering which does not significantly alter the thermal dissipation of the connector.  

B.3 Equivalent conductor resistance 

It is necessary to measure the resistance of a known length of the reference conductor and its 
temperature (Figure 3a), so that the actual connector resistance Rj may be calculated, by 
subtracting the resistance due to the conductor lengths la and lb. The various lengths, which 
need to be recorded, are shown in Figure 3. 

It should be noted that in the case of branch connectors, resistances of both the main and the 
branch reference conductors are used when calculating the actual connector resistance (see 
Figure 3d). 

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 k (see Annex E) it 
is essential that during resistance measurement the reference conductor and all connectors 
are at ambient temperature. 
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Annex C  
(informative)  

 
Recommendations to improve accuracy of measurement 

C.1 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 same measuring points should be used throughout the test, since calculation always refers 
to the initial situation. Verification of measuring points, especially after the short-circuit test, is 
advised. 

C.2 Measurements, instruments and readings  

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

All recorded values should show that the equalizers have acceptable stability throughout 
the test.  

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

Temperature readings may easily be checked at a temperature of 100 °C in boiling water and 
at 0 °C in ice water. 

For measuring the current, a calibrated shunt may be introduced into the test loop.  

If possible, use the same instrument for voltage (∆U DC), current (∆U DC of a shunt) and 
temperature (∆U DC of thermocouple-voltage output) measurement. 

A calibrated resistance with a value in the same order as the readings may be used for the 
calibration of the voltage measurement or a direct measurement of the resistance. A check 
should be made before during and after the test. 

It is recommended: 

– to use the same instruments throughout  the whole test; 
– to avoid, whenever possible, the replacement of any instrument, since the change in the 

systematic uncertainty may influence the assessment of the measuring results; 
– to use automatic storage of the measured values to avoid copy errors;  
– to use a validated computer program for the calculation to avoid errors by accident. 

When calculating the k 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. 

Data of instrument performance should be given in the test report. 

Page 28
EN 61238−1:2003

Li
ce

ns
ed

 C
op

y:
 In

st
itu

te
 O

f T
ec

hn
ol

og
y 

T
al

la
gh

t, 
In

st
itu

te
 o

f T
ec

hn
ol

og
y,

 M
on

 A
pr

 2
3 

20
:0

8:
40

 G
M

T
+

00
:0

0 
20

07
, U

nc
on

tr
ol

le
d 

C
op

y,
 (

c)
 B

S
I



61238-1  IEC:2003 – 29 – 

 

Annex D  
(informative)  

 
Determination of the value of the short-circuit current 

 

0 1 2 3 4 5 6 7 8 9 10

TB

C

Imax. 0

Imax. 1

C′

IEC   1410/03

 

On the diagram giving the current as a function of time, the total time BT is divided into 
10 equal parts and the value of the alternating current component is measured at the verticals 
at points 0, 1, 2, . . . . . , 10. 

These values are designated by Imax0, Imax1, Imax2, .........Imax10 . 

The effective values are then Ii = Imax i / 2   

and Imax is the maximum value of the alternating component of the current at each point. 

The equivalent r.m.s. current during this time BT is given by:  

( ) ( )[ ]2
10

2
8

2
6

2
4

2
2

2
9

2
7

2
5

2
3

2
1

2
0rms 24

30
1 IIIIIIIIIIII ++++++++++=  

 
 

NOTE 1 The direct current component (CC′) is neglected. 

NOTE 2 This annex is consistent with Annex B of IEC 60694.  
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Annex E  
(normative) 

 
Calculation method 

 

This statistical evaluation follows IEC 60493-1.  

E.1 Measurements made 

To the cycles listed in 6.3.3, the following measurements with the test loop at ambient 
temperature shall be taken (see 6.2 and Annex B): 

 U potential difference between measurement points spanning each connector; 
 I direct current at the moment of measuring U; 

 θ temperature of each connector at the moment of measuring U; 
 Ur potential difference between measurement points on the reference conductor; 
 Ir direct current at the moment of measuring Ur; 

 θr temperature of the reference conductor at the moment of measuring Ur. 

The above is the recommended method. Direct measurements of resistance may, alternatively, 
be used for any of the above U/I values. 

In addition, temperature measurements will have been recorded on each connector and on the 
reference conductor on the cycle prior to, or following the resistance measurements. 

Distances la, lb, lj, lr defined in Figure 3, are measured and are applicable for the whole test. 
The distances shall be measured with a tolerance of ±2 mm for lengths ≥40 mm, or ±5 % for 
lengths <40 mm. 

E.2 Connector resistance factor k 

The resistance, referred to 20 °C, between measuring points spanning a connector is as 
follows: 

( )201
1

−+
×=

θαI
UR  

 
where the temperature coefficient of resistance α, for the purposes of this standard, is 
regarded as equal for copper and aluminium:  

α = 0,004 K–1  

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

20)1
1
rr

r
r −+

×=
θα (I

UR  
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The connector resistance Rj is then:  

R R Rj r
b

r
= − ×

+( )l l

l
a  

and the connector resistance factor k: 

 
j

r

r

j

l

l
×=

R

R
k  (E.1) 

E.3 Initial scatter δ 

The scatter between the six values of k (one value for each connector) at cycle zero is 
calculated as follows: 

calculate the mean value: 

K k0
1

61
6

= ∑  

then the standard deviation: 

s k K0 0

2

1

61
5

= −∑ ( )  

and finally the scatter: 

δ = s
0

0

6
1 t

K
s

 

where 

ts is the Student coefficient; 
ts = t5;0,995 = 4,032 for 99 % two-sided confidence level and five degrees of freedom; 

hence: 

 δ = 1,65 
0

0

K
s

 (E.2) 

E.4 Mean scatter β 

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 1 000 cycles. 
A tolerance of ±10 cycles is permitted on the timing of any reading, and in this case, the 
statistical formulae listed in this standard 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 E.1). 
The symbol x  has the values 0, ±1, ±2, . . . . . , ±5. 
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2500

–5 –4 4 5–3 3–2 20 1–1

325 400
200 200
bsc asc 475 550 625 700 775 850 925 1 000 Cycles

x

k k

Line of best fit

S/2 ⋅ K

M ⋅ K D ⋅ K

S/2 ⋅ K

IEC   1411/03
 

bsc = before short-circuit 

asc = after short-circuit 

Figure E.1 – Graphic example of assessment  
of an individual connector for Class A  

For each connector, its mean value over the interval x = −5 to +5 shall be calculated. 

 ∑
+

−

=
5

511
1 kk  (E.3) 

Hence six values are obtained. The mean of these six values is then: 

 
∑=

6

16
1 kK  

The standard deviation: 

s = ∑ −
6

1

2)(
5
1 Kk   

and the scatter: 

β = s
6
1 t

K

s  

where ts = 4,032 as before. 

Hence: 

 β = 1,65 
K
s  (E.4) 
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E.5 Change in resistance factor of each connector 

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. 

E.5.1 Line of best fit 

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

b = 

∑

∑
+

−

+

−
5

5

2

5

5

x

kx
 

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

 M = 10 b
k

 (E.5) 

where k  has the value given by equation (E.3). 

The parameter M is evaluated for each of the six connectors. 

E.5.2 Confidence interval δi 

The confidence interval δi  for the change in resistance factor is: 

δ i = ts σ 

where 
ts is the Student coefficient; 

 ts = t9;0,95 = 1,833 for a 90 % two-sided confidence level and (11 − 2) = 9 degrees of 
freedom; 

σ is the standard error estimated from the line of best fit at x = +5 or x = –5. 

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

j

)(

s

xbkk

×=

⋅−−
×= ∑

+

−
0,564

9
0,564

5

5

2

σ

σ  

The expression under root sign is the standard deviation of the connector from the line of best 
fit. We define this value sj 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 β. 
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It should be noted that the above expression for sj can also be determined by simplifying to: 

[ ] 222
j )()( bkks 11011

3
1

−−=  

where k  has the value given in Equation (E.3) 

and  ∑
+

−

=
5

5

22 )( kk
11
1  

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

k

s

k

s

k
t

S s jj ⋅
=

⋅⋅⋅
=

⋅⋅
=

2,070,5641,83322 σ  

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

E.5.3 Change in resistance factor D 

From E.5.1 and E.5.2, the estimated change in the value of k for each connector over the last 
11 measurements is 

 
k

s

k
b

SMD j07,210
+=+=  (E.6) 

E.6 Resistance factor ratio λ 

0k
k

=λ  

where 

k is the connector resistance factor for each connector found at any stage of the 
measurement series; 

k0 is the connector resistance factor of the same connector measured at cycle zero. 

E.7 Maximum temperatures θmax 

For each connector, the value of θmax shall be recorded. This is the maximum value of the 
connector temperature reached during any stage of the test. Simultaneously, the value of θref 
shall also be recorded. 
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Annex F  
(informative) 

 
Explanation of the calculation method 

 
Symbols used in this annex are given in the following tables: 

Table F.1 – Indices 

Symbols 

Annex E Annex F 
Indices 

- i Connector number from 1 to 6 

- j Measurement number from 1 to 14 

x x Statistical variable for the transformation of the coordination system for 
the last 11 measurements starting from j = 4 equal to x = −5 to j = 14 
equal to x = +5 in the case of connectors according to Class A 

 
Table F.2 – Measured variables 

Symbols 

Clause 4 Annex F 
parameter 

Measured variables 

I I i j Direct current (in A) flowing through connector i during the measurement j 

Ir I jr 
Corresponding direct current (in A) flowing through the reference 
conductor during the measurement j 

U U i j Potential difference (in V) between the two measuring points of connector 
i during the measurement j 

Ur U jr 
Corresponding potential difference (in V) between the two measuring 
points of the reference conductor 

θ θ i j Temperature (in °C) of connector i during the measurement j 

- θ jr 
Corresponding temperature (in °C) of the reference conductor during 
the measurement j 

 
Values regarded as constant during the electrical testing procedure are given in Table F.3. 

Table F.3 – Constants 

Symbols 

Clause 4 Annex F 
constants 

Constants 

la lia Measured length spanning from connector i to its first measuring point (in 
mm) 

lb lib Length spanning from connector i to its second measuring point (in mm) 

lj lcon 
Virtual length of all connectors defined in accordance with Figure 3 
(in mm). The index has been changed to avoid confusion with the 
measurement number 

lr lr Measured length (in mm) of the reference conductor 

α α Temperature coefficient (in K−1), depending on the material of 
the conductor 
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Using these measured variables and constants, the following quantities, shown in Table F.4, 
can be calculated. 

Table F.4 – Calculated variables 

Symbols 
Clause 4 Annex F 

variables 
Calculated variables 

Rj Ri jcon Pure resistance of connector i during measurement j, adjusted to 20 °C 

R Ri j Resistance between measuring points of connector i during measurement j, 
adjusted to 20 °C 

Rr Rjr 
Resistance of the reference conductor during measurement j, adjusted to 
20 °C 

k ki j Resistance factor of connector i during measurement j 

0K  1.k  
Mean of the resistance factors of the six connectors immediately after 
installation, before heat cycle 1, representing an estimator for the unknown 
true value 

s0 s.1 
Standard deviation of the resistance factors of the six connectors before 
heat cycle 1, representing an estimator for the unknown statistical standard 
deviation σk 

δ δ “Relative initial scatter” of the mean of the resistance factors of the six 
connectors, before heat cycle 1 

k  i.k  Mean of the resistance factors of connector i, calculated over the last 
11 measurements 

K  k  
Overall mean of all resistance factors, calculated over the last 
11 measurements 

s s 
Standard deviation of the means of the resistance factors of the six 
connectors (calculated over the last 11 measurements) from the overall 
mean 

β β Relative mean scatter of the resistance factors of the six connectors 
(calculated over the last 11 measurements) from the overall mean 

b îb  
Estimated slope of the regression line, calculated from a simple linear 
regression on the resistance factors of connector i over the last 
11 measurements 

M Mi Estimated relative change of the resistance factors of connector i over the 
last 11 measurements 

sj si Standard deviation of the residuals from the regression line, for connector i 

- ib̂s  
Standard deviation of the estimated slope of the regression line for 
connector i  

σ σ i Maximum one-sided deviation from the regression line for connector i  

δ i δ i Maximum one-sided scatter from the regression line for connector i  

S S i Relative maximum overall scatter from the regression line for connector i  

D D i Relative statistical overall change of connector i over the last 
11 measurements 

λ λ i j Resistance factor ratio of connector i during measurement j related to 
the initial resistance factor of this connector 

 
The following quantities are calculated and used to decide whether a type of connector will 
satisfy the requirements of this standard. The aim is to define criteria for the resistance stability 
of a tested connector type during the heat cycle period of the test. The graphs in the examples 
are made using simulated data showing extreme behaviour to demonstrate the effects on the 
statistical method.  
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F.1 Measurements made 

At certain j intervals throughout the heat cycle tests, the resistance factor of each connector 
should be calculated. For each resistance factor, a series of measurements at ambient 
temperature should be recorded, see Table F.5.  

Table F.5 – Repeatedly measured parameters 

Location Connector 
1 

Connector 
2 

Connector 
3 

Connector 
4 

Connector 
5 

Connector 
6 

Reference 
conductor 

Measurement j U1j, I1j, θ1j U2j, I2j, θ2j U3j, I3j, θ3j U4j, I4j, θ 4j U5j, I5j, θ 5j U6j, I6j, θ 6j Ujr, Ijr, θ jr 

 
Each resistance measurement normally consists of an individual measurement of the value for 
the voltage drop between the measuring points caused by the related DC-current-value 
measured at a certain temperature. The temperature on all measured elements should be at 
the same level at ambient temperature. When measuring the voltage drop at all measuring 
points automatically, almost at the same time, the current can be regarded as constant.  

The measuring points should be marked clearly and should not be changed during the test. 
Then the distances can be regarded as constant as long as there was no modification of the 
test set-up. Depending on actual installation conditions, the lengths la and lb can be slightly 
different. Therefore it is necessary to use individual lengths for all connectors. lcon depends on 
the design of the connector. The length after installation should be used according to Figure 3.  

F.2 Connector resistance factor k 

The connector resistance factor kij is a multiple standardized parameter to acquire a universal 
description for all kind of connectors. The first standardization is made by relating the 
connector resistance to its length. The second standardization is made by relating this length 
adjusted resistance of the connector to the length adjusted resistance of the used conductor. 
The third standardization is necessary for the temperature, because the measured resistance 
is a function of the temperature characteristic of the used material, and temperature can vary 
between 15 °C and 30 °C during the long period of testing. 

The calculation of the resistance factor kij is made by dividing resistance Rij
con, adjusted to its 

length lcon, by resistance j
rR  adjusted to its length lr.  

r

j
r

con

ij
con

ij

l

l

R

R

k =  

Rj
r represents the resistance (referred to 20 °C) spanning the reference conductor during the 

heat cycle j. 

( )201
1

−+
=

j
r

j
r

j
rj

r
θαI

U
R  
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Rij
con represents the pure connector resistance (referred to 20 °C) of connector i during the 

heat cycle j. This is the resistance Rij between the measuring points subtracted by the involved 
conductor resistance, which is set equal to the reference conductor resistance of the same 
length.  

r

i
b

i
aj

r
ijij

con l

ll +
⋅−= RRR   with  ( )201

1
−+

=
ijij

ij
ij

θαI
UR   

Thus 72 resistance factors for connectors of Class B and 84 resistance factors for connectors 
of Class A (see Table F.6) should be calculated from the recorded data for the assessment of 
results. 

Table F.6 – Number of calculated connector resistance factors kij for Class A connectors 

Measurement j 
of Class A Connector 1 Connector 2 Connector 3 Connector 4 Connector 5 Connector 6

1 k 1,1 k 2,1 k 3,1 k 4,1 k 5,1 k 6,1 

2 k 1,2 k 2,2 k 3,2 k 4,2 k 5,2 k 6,2 

3 k 1,3 k 2,3 k 3,3 k 4,3 k 5,3 k 6,3 

4 k 1,4 k 2,4 k 3,4 k 4,4 k 5,4 k 6,4 

5 k 1,5 k 2,5 k 3,5 k 4,5 k 5,5 k 6,5 

6 k 1,6 k 2,6 k 3,6 k 4,6 k 5,6 k 6,6 

7 k 1,7 k 2,7 k 3,7 k 4,7 k 5,7 k 6,7 

8 k 1,8 k 2,8 k 3,8 k 4,8 k 5,8 k 6,8 

9 k 1,9 k 2,9 k 3,9 k 4,9 k 5,9 k 6,9 

10 k 1,10 k 2,10 k 3,10 k 4,10 k 5,10 k 6,10 

11 k 1,11 k 2,11 k 3,11 k 4,11 k 5,11 k 6,11 

12 k 1,12 k 2,12 k 3,12 k 4,12 k 5,12 k 6,12 

13 k 1,13 k 2,13 k 3,13 k 4,13 k 5,13 k 6,13 

14 k 1,14 k 2,14 k 3,14 k 4,14 k 5,14 k 6,14 
 

F.3 Initial scatter δ 

The initial scatter gives information as to how the design of a contact system will behave on a 
certain conductor immediately after installation before any ageing effect starts. The six tested 
samples are considered to be enough to estimate the identification of a connector “family”. 
If the resistance factors for the tested connector type are almost equal, it may be assumed that 
one will get the same result when using the described design and assembling method on the 
same related type of conductor. For this calculation the k factors of the first measurement 
campaign (Table F.6, row 1, j = 1) are used. The assumption is made that the resistance 
factors follow a normal distribution with an unknown true value and an unknown variance σk

2 : 

– k.1 Empirical mean of the resistance factors of the six connectors before heat cycle 1 

( )6,15,14,13,12,11,1
6

1i

i1
1. �

6
1

6
1 kkkkkkkk +++++== ∑

=
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 This parameter is an estimator for the unknown statistical mean of that resistance factor 
which represents the connector type before heat cycle 1. 

– s1 Empirical standard deviation of the resistance factors of the six connectors before 
heat cycle 1: 

( )s k k.1
261

5
= −∑

=

i1
.1

i 1
  

 

 This parameter estimates the unknown statistical standard deviation σk from the mean of 
the six connectors before heat cycle 1. 

– δ Relative initial scatter of the mean of the resistance factors of the six connectors, 
before heat cycle 1 standardized by the mean: 

11

0,9955;1 1,656
1

.

1.

.

.

k
s

k

ts
×

=
××

=δ  

  
 The standardization, often used in this assessment, allows direct comparability with other 

connector types. This parameter is a dimensionless quantity, which stands for a percentage 
of deviation from the estimated mean resistance factor and indicates that, for a given 
probability, a resistance factor is not expected to exceed.  It is based on a 99 % confidence 
interval for the unknown true mean before heat cycle 1. The t5;0,995 quantile here indicates 

that the 99 % confidence interval 
6
1

0,9955;1
.

.
stk ⋅±  will cover the unknown true mean of the 

resistance factors with a probability of 99 % before heat cycle 1. It is not possible though to 
conclude that each resistance factor will be covered by this confidence interval with a 
probability of 99 %. 

A necessary and realistic assumption for this quantity is that the resistance factors of the six 
connectors independently and identically follow a normal distribution with unknown mean and 
unknown standard deviation. 

Figure F.1 gives an example for initial connector resistance factors and the calculated relative 
initial scatter. The resistance factors k1,1 to k6,1 of connectors 1 to 6 (labelled here as C1 to 
C6) are plotted as circles and the estimated mean resistance factor .1k  is represented by a 
cross. The vertical dotted lines show the upper and lower bounds for a 99 % confidence 
interval (C.I.) for the unknown true mean and the horizontal discontinued line represents the 
initial scatter 1.k⋅δ . Since the initial resistance factors are assumed to follow a normal 
distribution, the density of this distribution is also given in Figure F.1. 
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x
C1

C2
C3

C4

C5

C6

Estimated mean resistance factor

0,65 0,70 0,75 0,80 0,85 0,90 0,95 1,00

Lower C.I. limit Upper C.I. limit

k.1 ⋅ δ

IEC   1412/03  

Figure F.1 – Plot of connector resistance factors  
and parameter δ before heat cycle 1 

F.4 Mean scatter β 

The mean scatter β shows if all connectors react with the same behaviour of their resistance 
factors to the heat cycling test and therefore can be identified as representative of the same 
tested design. This scatter is determined using the last 11 connector resistance factors 
calculated from the measurement readings. These 11 readings start at the 250th cycle point, 
and then every 75 cycles up to 1 000 cycles. For convenience of calculation, the origin 
is transferred to the mid-point of the 11 readings and the statistical dummy variable ‘x’ is 
introduced, see Table F.7.  
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Table F.7 – Connector resistance factors kij for Class A connectors related to the dummy 
variable x, the initial scatter δ and the mean scatter β 

Heat cycle 
no. x 

i → 

↓ j  
Con-

nector 1 
Con-

nector 2 
Connector 

3 
Con-

nector 4 
Con-

nector 5 
Con-

nector 6 Scatter 

0  1 k 1,1 k 2,1 k 3,1 k 4,1 k 5,1 k 6,1 δ 

200 (bsc)a  2 k 1,2 k 2,2 k 3,2 k 4,2 k 5,2 k 6,2  

200 (asc)b  3 k 1,3 k 2,3 k 3,3 k 4,3 k 5,3 k 6,3  

250 +5 4 k 1,4 k 2,4 k 3,4 k 4,4 k 5,4 k 6,4  

325 +4 5 k 1,5 k 2,5 k 3,5 k 4,5 k 5,5 k 6,5  

400 +3 6 k 1,6 k 2,6 k 3,6 k 4,6 k 5,6 k 6,6  

475 +2 7 k 1,7 k 2,7 k 3,7 k 4,7 k 5,7 k 6,7  

550 +1 8 k 1,8 k 2,8 k 3,8 k 4,8 k 5,8 k 6,8  

625 0 9 k 1,9 k 2,9 k 3,9 k 4,9 k 5,9 k 6,9 β 

700 −1 10 k 1,10 k 2,10 k 3,10 k 4,10 k 5,10 k 6,10  

775 −2 11 k 1,11 k 2,11 k 3,11 k 4,11 k 5,11 k 6,11  

850 −3 12 k 1,12 k 2,12 k 3,12 k 4,12 k 5,12 k 6,12  

925 −4 13 k 1,13 k 2,13 k 3,13 k 4,13 k 5,13 k 6,13  

1 000 −5 14 k 1,14 k 2,14 k 3,14 k 4,14 k 5,14 k 6,14  

 a bsc = before short-circuit test. 
 b asc = after short-circuit test. 
 

– ki.  Empirical mean of the resistance factors of connector i, calculated over the last 
11 measurements: 

k ki.
ij

j
=

=
∑1

11 4

14

 

 
  This empirical mean is an estimator for an unknown statistical mean of the resistance 

factors of one individual connector i, calculated over the last 11 measurements.  

– k   Empirical overall mean of all resistance factors: 

∑∑∑
= ==

×==
6

1

14

4

6

1 11
1

6
1

6
1

i ji
kkk ij

i. = ∑ ∑
=

=

+=

−=

×
6

1

5

511
1

6
1 i

i

x

x
k ix  

  
  This empirical mean estimates the unknown statistical mean of the resistance factors of 

all connectors, calculated over the last 11 measurements representing the typical 
behaviour of the tested connector family during heat cycling. 
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Heat cycles

R
es

is
ta
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e 

fa
ct

or

250 325 400 475 550 625 700 775 850 925 1 000

0,6

0,8

1,0

1,2

1,4

1,6

1,8 Resistance factors
Mean resistance factors
Overall mean

C1

C2

C3
C4

C5
C6

C1

C2

C3
C4

C5

C6

k

IEC   1413/03  

Figure F.2 – Plot of resistance factors kij, estimated mean resistance factors ki.   
and estimated overall mean k  

Figure F.2 gives an example for the progression of the resistance factors kij of all 
six connectors (labelled C1 to C6 and plotted using a solid line) as well as the six corres-
ponding mean resistance factors .ik  (dotted lines) and the overall mean k  (discontinued line).  

– s Empirical standard deviation of the means .ik  of the resistance factors of the 
six connectors (calculated over the last 11 measurements) from the overall mean. 

( )∑
=

−=
6

1

2

5
1

i

kks .i  

This empirical standard deviation is an estimator for the unknown statistical standard 
deviation of the means .ik  from the overall mean. 

– β  Relative mean scatter of the mean resistance factors of the six connectors 
(calculated over the last 11 measurements) from the overall mean (standardized by 
the overall mean). 

k
s

k

ts
×

=
××

=
1,656

1
,99505;

β  

 
 This parameter is a dimensionless quantity, which stands for a percentage of deviation from 

the overall mean and indicates that a mean resistance factor .ik  is not expected to exceed  
a certain probability. It is based on a 99 % confidence interval for the unknown true overall 
resistance factor. The t5;0,995-quantile here indicates, that the 99 % confidence interval 

6
0,9955;

stk ×±  will cover the unknown true overall resistance factor of connector i with a 

probability of 99 %. It does not imply, however, that all mean resistance factors .ik  will be 
covered by this confidence interval with a probability of 99 %.  
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 For this quantity, the assumption can be made that the empirical means .ik  for all 
connectors i independently and identically follow a normal distribution. 

 

Heat cycles

R
es

is
ta

nc
e 

fa
ct

or

250 325 400 475 550 625 700 775 850 925 1 000

0,8

1,0

1,2

1,4

1,6

Upper C.I. limit

Lower C.I. limit

C1

C2

C3

C4

C5
C6

Overall mean
Mean resistance factor

Normal density
Limits of the C.I.

k ⋅ β

k

IEC   1414/03  

Figure F.3 – Plot of estimated mean resistance factors ki. ,  
estimated overall mean k  and parameter β 

Figure F.3 shows the estimated mean resistance factors .ik  (plotted using a dotted line) of the 

six connectors (labelled as C1 to C6) as well as the estimated overall mean k  (horizontal solid 
line) and also the upper and lower 99 % confidence limit for the unknown true overall 
resistance factor (discontinued lines). The calculated mean scatter β × k  is indicated by a 
vertical solid line. Since the mean resistance factors .ik  are assumed to independently and 
identically follow a normal distribution, the density of this distribution is also plotted. 

F.5 Change in resistance factor of each connector 

The ageing of electrical connectors is caused by two processes. First the contact force can 
become smaller by the creeping of the conductor material in the connection. If the contact 
force is smaller than a minimal contact force then the joint resistance will be significantly 
higher. The second process which influences the ageing of connectors concerns chemical 
reactions on constriction areas. Both ageing processes occur in parallel but with different 
intensities.  

Through both processes the connector resistance increases (see Figure F.4). Generally the 
ageing behaviour of an electrical contact caused by chemical and physical changes at 
the constriction areas can be divided into different phases: during formation, stable constriction 
areas are developed; in the second phase of ageing, relative stability, the connector resistance 
increases only very little. This is the phase in which the heat cycle test occurs. A mathematical 
ageing model for this phase is created and the behaviour of every connector is analysed. 
Nevertheless, as a result, the power loss in the joint increases, as does the connector 
temperature as well. This is observed following the assessment in E.7. 
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Formation Relative stability Accelerated ageing

tL

k

klim

t

IEC   1415/03  

Figure F.4 – Typical ageing behaviour of an electrical connector  
(klim limiting resistance factor; tL lifetime) 

In the third phase, accelerated ageing, the velocity of chemical processes increases due to the 
higher temperature. During accelerated ageing, the joint resistance increases considerably. 
This phase should not be reached during the test. 

F.5.1 Line of best fit 

To study the ageing behaviour of each connector during the last 11 measurements, the 
following ageing model is assumed. Each resistance factor kij depends on an unknown 
“connector i´effect”, ãi, caused by the individual resistance behaviour of a connector to the test 
procedure, plus a “heat cycle effect” bi × j, which stands for the influence that the heat cycle 
corresponding to measurement j has on the resistance factor of connector i, plus an unknown 
error εij, which represents both the amount of information in the data kij that cannot be 
explained by this model and additional errors, such as inaccuracies of measurement.  

iji
ij ε+×+= jbak i

~~  

So a simple linear regression (line of best fit) on all resistance factors of connector i over the 
last 11 measurements is conducted. To simplify this, the dummy variable xj = −5,..,+5 (one 
value for each measurement j, e.g. representing measurement j = 4 to measurement 14 for 
connectors of Class A, see Table F.7) is introduced and the model is transformed into the 
equivalent model kij = ãi + bi × xj + εij. 
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The purpose of this modeling is to try to estimate the mean response of the resistance factors, 
which is the true value of the resistance factor of connector i during measurement j. So the 

regression line, which is built by the fitted values jiiii
ij ˆ~̂ˆˆˆ xbajbak ×+=×+= , is an estimator 

for the mean response of the resistance factor of connector i during measurement j. 

– ib̂  Estimated slope of the regression line, calculated from a simple linear regression on 
the resistance factors of connector i over the last 11 measurements, using the least 
squares method. 

∑∑
∑ ==

=

×=××=
14

4

14

4
14

4

110
11

jj

j

kxkx

x

b ij
j

ij
j

2
j

i
ˆ ,  i.i ka =~̂  

The variable ib̂  is an estimator for the unknown slope of the regression line and its magnitude 
indicates the size of effect that the heat cycles have on the resistance factors of connector i.  

The estimator for the “connector-i effect” ãi can be found as the mean resistance factor .ik  of 
connector i. 

Dummy variable x

R
es

is
ta

nc
e 

fa
ct

or

–5 –4 –3 –2 –1 0 1 2 3 4 5

0,8

1,0

1,2

1,4

1,6

Fitted values
Estimated slope of regression line
Mean resistance factor

$bi

~$ai = ki.

IEC   1416/03  
Figure F.5 – Plot of the resistance factors, fitted values,  

estimated intercept and estimated slope 

Figure F.5 gives an example for the estimated slope ib̂  and intercept iâ~ , which represent the 
cross-sectional area of the “heat cycle effect” and the “connector effect” of connector i. 

– Mi Estimated relative change of the resistance factors of connector i over the last 
11 measurements: 

i.

ii
ˆ10

k

b
M

×
=  
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 This quantity stands for the estimated total change of the resistance factors of connector i, 
standardized by the mean resistance factor of connector i over the last 11 measurements. 
Thus it is a dimensionless representative of the percentage of the value of the resistance 
factors of connector i, in relation to the mean resistance factor i.k , that will vary over the 
last 11 measurements. 

Dummy variable x

R
es

is
ta

nc
e 

fa
ct

or

–5 –4 –3 –2 –1 0 1 2 3 4 5

0,8

1,0

1,2

1,4

Fitted values
Residuals
Absolute change

Mi ⋅ ki. Mi ⋅ ki.

IEC   1417/03  
Figure F.6 – Plot of the fitted values, residuals and parameter Mi 

Figure F.6 gives an example for the absolute change i.
i kM × , which stands for the difference 

between the largest and the smallest fitted value of the resistance factor of connector i. The 
fitted values are plotted using a solid line, and the residuals are plotted using a dotted line.  

F.5.2 Confidence interval 
– si Standard deviation of the residuals from the regression line, for connector i, 

calculated from the linear regression. 

( )∑
=

×−−=
14

4

2
jii.

ij ˆ
9
1

j

i xbkks  

 This parameter indicates the deviation of the resistance factors of connector i from 
the regression line. 

– σi Estimated maximum standard error of prediction of the mean response of the 
resistance factor for connector i 

ii
14

4

2
j

i2
jii 564,0

110
25

11
1)(max

11
1 ss

x

x
s

j

=×+=+×=

∑
=

σ  

 
This variable estimates the largest standard error that will occur during the estimation of the 
true value of the resistance factor of connector i, during any measurement. 

For the following quantities the assumption of independent, identical normal distribution of 
the residuals is necessary and realistic to use. 
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– δ i Estimated maximum scatter of the mean response for connector i 

δi = t9;0,95 ⋅ σ i = 1,833 σ i 
 

δ i represents the smallest deviation from the mean response that the regression line will not 
exceed with a certain probability. It is based on a pointwise 90 % confidence interval for the 
mean response. Here the t9;0,95 quantile indicates that the pointwise 90 % C.I.:  

11011
1ˆ

11011
1ˆ

2
ji

95,0;9jii.

2
ji

95,0;9
ij x

stxbk
x

stk +×±×+=+×±  

 
will cover the unknown mean response of connector i during measurement j with a probability 
of 90 %. It cannot be concluded that the C.I. will cover every observation of kij with a probability 
of 90 %. This C.I. will have its widest span at the points x = −5 and x = +5, thus the maximum 
scatter will be reached at exactly these points. By substituting the estimated error of prediction  

11011
1 2

ji x
s +   

of the mean response of connector i during measurement j with the estimated maximum 
error of prediction 

110
)(max

11
1 2

jii x
s +=σ  

the formula for δ i is obtained. 

– Si Estimated relative maximum scatter of the mean response for connector i 

i.

i

i.

i
95,0;9

i.

i
i 07,2

22
k

s

k

t

k
S =

×
=

×
=

σδ  

 
This quantity is calculated by taking two times the estimated maximum scatter of the mean 
response of connector i and standardizing it by the mean resistance factor of connector i. Thus 
it is a dimensionless variable and represents the maximum percentage of error of prediction 
which will happen during the estimation of the mean response of connector i. 
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Dummy variable x

R
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nc
e 

fa
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or

−5 −4 −3 −2 −1 0 1 2 3 4 5

0,9

1,0

1,1
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1,3

1,4

Fitted values

Confidence limits for the mean response
Estimated absolute maximum scatter
of the mean response

si ⋅ ki.

si ⋅ ki.

 
Figure F.7 – Plot of the pointwise 90 % confidence interval  

for the mean response and parameter Si 

Figure F.7 shows an example for the estimated absolute maximum scatter i.
i kS × , which is 

defined as the difference between the upper and the lower 90 % confidence limit of a pointwise 
90 % confidence interval for the mean response of connector i. The fitted values and the 
confidence interval are also plotted, using a solid and a dotted line.  

F.5.3 Change in resistance factor Di 
– Di  Relative statistical overall change of connector i over the last 11 measurements 

i.

i
iii

ˆ

k

sb
SMD

2,0710
i

+
=+=  

 This variable takes into account both the relative change and the relative scatter and adds 
them into one quantity. Large values of Di may indicate a big change in the resistance 
factors or big scatter around the regression line of connector i. Interpretation of Di is 
problematic though, since the two variables Mi and Si are condensed into the univariate 
variable Di and large values of Di can be caused by two medium-sized values of Mi and Si. 
On the other hand, it is possible to get the complete information of the change of the 
resistance behaviour during heat cycling of one connector in one single standardized figure, 
which is comparable with other connectors and other connector types. The variable Di 
contains the most important result of the statistical assessment: ‘stability’ of a connector is 
shown when the slope of the regression line is low and additional errors that cannot be 
explained by this model, such as inaccuracies of measurement, do not occur. 

IEC   1418/03
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Dummy variable x

R
es

is
ta

nc
e 

fa
ct

or

−5 −4 −3 −2 −1 0 1 2 3 4 5

0,9

1,0
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1,3

1,4 ½Si ⋅ ki.

½Si ⋅ ki.

Mi ⋅ ki.
Di ⋅ ki.

 
Figure F.8 – Plot of parameters Mi, Si and Di with regression line  

Figure F.8 gives an example of the absolute statistical overall change i.
i kD × , which is defined 

as the sum of the absolute change i.
i kM ×  and the absolute maximum scatter i.

i kS × . The 
regression line – or the line of best fit – is also plotted, using a solid line. 

IEC   1419/03
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F.6 Resistance factor ratio 

Table F.8 – Number of resistance factor ratios for connectors of Class A 

Measurement j 
of Class A 

Connector 
1 

Connector 
2 

Connector 
3 

Connector 
4 

Connector 
5 

Connector 
6 

1 1 1 1 1 1 1 

2 λ 1,2 λ 2,2 λ 3,2 λ 4,2 λ 5,2 λ 6,2 

3 λ 1,3 λ 2,3 λ 3,3 λ 4,3 λ 5,3 λ 6,3 

4 λ 1,4 λ 2,4 λ 3,4 λ 4,4 λ 5,4 λ 6,4 

5 λ 1,5 λ 2,5 λ 3,5 λ 4,5 λ 5,5 λ 6,5 

6 λ 1,6 λ 2,6 λ 3,6 λ 4,6 λ 5,6 λ 6,6 

7 λ 1,7 λ 2,7 λ 3,7 λ 4,7 λ 5,7 λ 6,7 

8 λ 1,8 λ 2,8 λ 3,8 λ 4,8 λ 5,8 λ 6,8 

9 λ 1,9 λ 2,9 λ 3,9 λ 4,9 λ 5,9 λ 6,9 

10 λ 1,10 λ 2,10 λ 3,10 λ 4,10 λ 5,10 λ 6,10 

11 λ 1,11 λ 2,11 λ 3,11 λ 4,11 λ 5,11 λ 6,11 

12 λ 1,12 λ 2,12 λ 3,12 λ 4,12 λ 5,12 λ 6,12 

13 λ 1,13 λ 2,13 λ 3,13 λ 4,13 λ 5,13 λ 6,13 

14 λ 1,14 λ 2,14 λ 3,14 λ 4,14 λ5,14 λ 6,14 

 
This ratio indicates the relative change of the resistance factors of every individual connector i 
during every measurement j related to the initial resistance factor before heat cycle 1. For 
Class A connectors, 78 λ-values shall be calculated and recorded (see Table F.8). For Class B 
connectors, 66 values are necessary. 

1i

ij
ij

k

k
=λ  

F.7 Maximum temperature θmax 

This part of the assessment is not related to the measurement of the ‘cold resistance’ near 
ambient temperature as done for the calculation of resistance factors. This part of the 
assessment is related to the temperature behaviour of connector i during any stage of heat 
cycling, when the maximum temperature is reached. Comparing this temperature with the 
simultaneously recorded temperature of the reference conductor (which has a stable 
resistance) gives a rough idea about the ‘hot resistance’ of each individual connector. 
Temperature measurements will have been recorded on each connector and on the reference 
conductor on the heat cycle prior to, or following the resistance measurement. 
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Table F.9 – Recorded maximum temperatures during heat cycling 

i → Connector 
1 

Connector 
2 

Connector 
3 

Connector 
4 

Connector 
5 

Connector 
6 

Connectora θ 1,max θ 2,max θ 3,max θ 4,max θ 5,max θ 6,max 

Referenceb θ 1,ref θ 2,ref θ 3,ref θ 4,ref θ 5,ref θ 6,ref 

a Maximum connector temperature during heat cycling. 
b Reference conductor temperature measured at the same time as a. 
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Annex G  
(informative) 

 
Explanation of the temperature profile 

 

G.1 General  

A cable, with extruded insulation, can withstand a maximum continuous temperature of 90 °C. 
The cable can also withstand a conductor temperature of up to 250 °C during short-circuits in 
service. The temperature of a connector in a cable joint is similar to the temperature of the 
cable conductor. A cable joint should not limit the current-carrying capacity of the cable under 
normal operation or under short-circuit conditions. The test has to be carried out on a bare 
conductor in order to make the conditions under test independent of the insulation.  

The connector will normally be at a temperature lower than the conductor during the test, 
depending on its design, resistance and heat dissipation. In order to accelerate the test 
conditions and to represent the situation in a joint, the temperature of the connector must be 
higher than its temperature in the joint during service. A temperature of 100 °C (10 K higher 
than the conductor temperature) and a steady-state time of 10 min have been chosen as the 
test conditions. If the connector temperature is greater than 100 °C when the temperature of 
the reference conductor is 120 °C, then the reference temperature is 120 °C. If the connector 
temperature is less than 100 °C, then the reference conductor temperature is increased until 
the connectors reach 100 °C with an upper limit of 140 °C on the reference conductor. In this 
way, the connector temperature during the test will simulate the maximum connector 
temperature in the joint. The steady-state time of 10 min is to ensure that the connector will 
reach a certain degree of ageing at a known elevated temperature.  

In the case of IPCs, the temperature for the connectors is chosen to be 10 K above maximum 
service temperature for the cable, instead of 100 °C. 

G.2 Heat cycle 

The main steps are explained below. 

The first heat cycle is to determine the reference conductor temperature to be used during 
cycling and also to identify the median connector.  

Find the steady-state current that gives 120 °C on the reference conductor. Identify the median 
connector. 

a)  If the temperature of the median connector is ≥100 °C, θR = 120 °C. 
b)  If the temperature of the median connector is <100 °C, then increase the current until 

the temperature of the median connector reaches 100 °C. However, the temperature 
of the reference conductor should not exceed 140 °C. In this way θR is found. 

In the case of IPCs, the median connector temperature should be 10 K above maximum 
service temperature of the cable. 
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The second heat cycle is to determine the heat cycle duration and temperature profile to be 
used during subsequent cycles. A current is circulated in the test loop until the reference 
conductor temperature reaches θR with a tolerance of 0

6+  K and the median connector is stable 

within a band of 2 K over a 10 min period.  
An accelerated current may be used to shorten the heating period. The duration of this higher 
current is given in Table 1. The current is then regulated or decreased to ensure stable 
conditions during the control period. It may be necessary to use more than one cycle to 
determine the temperature profile.  

The reference conductor temperature is the control parameter for the temperature profile 
during the heat cycle test. In this way, any change in the ambient temperature will not affect the 
temperature profile of the reference conductor.  

The temperature-time profile determined in this way is recorded and used for all subsequent 
cycles. 
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Annex H  
(informative) 

 
Explanation of the statistical method of assessing results  

of tests on electrical connectors 

H.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. In the process of introducing new products, it was sometimes necessary for the 
manufacturers to present test reports according to all relevant standards. To overcome these 
problems, a decision was made to establish a working group to make an internationally 
accepted standard with a well defined testing procedure and an assessment that was 
reproducible. The result of this work, IEC 61238-1, was presented in 1993. 

The various testing standards considered during the preparation of this standard were based 
on temperature cycles and most of them included the application of short-circuit currents. The 
requirements 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 this standard is mainly based on a 
compromise between the Italian Standard CEI 20-28 and the British Standard BS 4579: Part 3. 
Early in the discussions it was agreed to adopt a statistical method of evaluating the trend of 
electrical 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 would be relevant for a test with 1 000 heat cycles. 
The Italian Standard requires 1 500 cycles with resistance measurements every 60 cycles 
during the last 600 cycles and six short-circuit current tests after 500 cycles, while the British 
standard requires 2 000 cycles with resistance measurements every 100 cycles and three 
short-circuit current tests prior to heat cycling. 

H.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 

The different statistical evaluations should be viewed as a part of the complete assessment 
procedure. All three standards require six identical specimens to be installed in a test loop and 
11 resistance measurements constitute the basis for the statistical assessment. It should be 
noted that the formula letters in each standard may have different meanings. Table H.1 lists the 
various connector characteristics examined for this standard. 

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

The individual regression analysis, which is incorporated in BS 4579: Part 3 and also adapted 
in this standard, 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. 
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Group regression analysis as specified in the Italian Standard CEI 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. 

This standard formula 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 Italian 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. 

H.3 The IEC 61238-1 method of assessing test results 

It was considered advantageous to introduce the “relative resistance” k so that the analysis 
would be independent of the absolute value of connector resistance. k is the relationship 
between the resistance of a connector and an equivalent length of the conductor. The adoption 
of k is also expected to give improved measurement reproducibility. 

Other parameters that shall be calculated include: 

– the initial scatter δ between the initial six values of k before the heat cycling; 

– the mean scatter β between the six values of k averaged over the last 11 measurements. 
The assessment verifies that the connectors behave in the same way and that they belong 
to the same “family”; 

– the change in resistance factor D, which shows the change of the resistance factor k for 
each connector over the last 11 measurements. Statistical methods are used to assess the 
probability that the change of resistance will not exceed the specified value; 

– the resistance factor ratio λ, which shows the relationship between the resistance at any 
stage of the measurements and the initial resistance; 

– the maximum temperature θmax of the test objects. 

The selection of assessment criteria and values was made after evaluating test results and 
experience from different laboratories and countries.  

At an early stage during the development of this standard, k itself was included as one of 
the acceptance criteria together with the change in k due to the short-circuits. To reduce the 
number of acceptance criteria, a decision was taken to exclude these parameters. 
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Table H.1 – Summary of requirements 

Requirement IEC 61238-1 

1. The connectors shall not overheat 

 

For each specimen the temperature of the connectors during 
heat cycling shall not exceed that of the reference conductor 

2. The resistances shall not change excessively 
as a result of the short-circuit test 

The resistance factor ratio λ shall not exceed 2,0 

3. The six specimens shall be similar 
in resistance  

The initial scatter δ between the six values of k before heat 
cycling shall not exceed the value 0,3 

4. The resistance shall not change excessively 
during heat cycles 

The mean scatter β shall not exceed the value 0,3 

The change in resistance factor D shall not exceed 0,15 

5. Mechanical tensile. No slipping shall occur as 
a result of the mechanical tensile test 

Aluminium: 40 × A: Maximum 20 000 N 

Copper     : 60 × A: Maximum 20 000 N 

A = nominal cross-section area in mm2  
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Annex ZA  
(normative) 

 
Normative references to international publications  

with their corresponding European publications 

This European Standard incorporates by dated or undated reference, provisions from other publications. 
These normative references are cited at the appropriate places in the text and the publications are listed 
hereafter. For dated references, subsequent amendments to or revisions of any of these publications 
apply to this European Standard only when incorporated in it by amendment or revision. For undated 
references the latest edition of the publication referred to applies (including amendments). 
NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD 
applies. 

Publication Year Title EN/HD Year 

IEC 60050-461 1984 International Electrotechnical 
Vocabulary (IEV) 
Chapter 461: Electric cables 

- - 

A1 1993  
 

- - 

IEC 60228 (mod) 1978 Conductors of insulated cables   
+ IEC 60228A 
(mod) 

1982 First supplement: Guide to the 
dimensional limits of circular conductors
 

HD 383 S2 1986 

IEC 60493-1 1974 Guide for the statistical analysis of 
ageing test data 
Part 1: Methods based on mean values 
of normally distributed test results 

- - 
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Biyhpargoilb 

 ,6991:49606 CEIs nommoCpcecifisnoitarof -hgih vos egatlwctiraeghc dna ortnoraegls tradnasd 

 ,8891:94906 CEIclaCreht fo noitaluyllamrep simsis elbhro-tcircc tiuurrstne,kat ia otni gncc tnuo
-noncitabaidaceffe gnitaeh ts 

 NOTE Harmonized as EN 60694:1996 (not modified). 

ItaliaradnatS n-02 IEC d ,28:1998Connettori per cvai d'energia 
 
BriitsndaratS hraP :9754 SB dt,6791 :3  cepScifirof noitarep eht ofrmcnaem fo eccinaha dna l
corpmessi notniojs  niceletrci celba riw dnae cennocrotsM .eccinahac dna lorpmessitnioj nos ni 
c muinimulaudnocrots 
 
 

 ______________
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Biyhpargoilb 

 ,6991:49606 CEIs nommoCpcecifisnoitarof -hgih vs egatlowctiraeghc dna ortnraeglos tradnasd 

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

IE 49606 CTONEm Harniozed as EN 60694:t1996 (no miodfi)de. 

radnatS nailatI-02 IEC d ,8991:82rottennoCirep c aviene'd raig 
 
rBtiisradnatS hraP :9754 SB dt,6791 :3  cepScifirof noitarep eht ofrmcnaem fo eccinah dna la
corpmessi notniojs  niceletrci celba riw dna ecennocrotsM .cecinahc dna laorpmessitnioj nos ni 
c muinimulaudnocrots 
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85 egaP
3002:1−83216 NE

61238- 1 IEC:2003  – 57 –

 

bliographyiB 

IEC 60694:1996, Common secpifications for high-voltage switchgear and ctronlgearo standarsd 

IEC 60949:1988, Calcrulation of theymall permissible sorh-tcircuit crurents, taking into account 
on-nadiabaticheating effec ts 

 TONE raHmonisa dez EN 49606:1ton( 699 mdoifide). 

ndarailatIatS n-02 IEC d ,8991:82rottennoCirep c aviene'd raig 
 
rBtiisradnath Sd BS 4579: Part, 3: 1976 Specficiation for the perrfomancece of mhanicl and a
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Revisions
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British Standards should make sure that they possess the latest amendments or 
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It is the constant aim of BSI to improve the quality of our products and services. 
We would be grateful if anyone finding an inaccuracy or ambiguity while using 
this British Standard would inform the Secretary of the technical committee 
responsible, the identity of which can be found on the inside front cover. 
Tel: +44 (0)20 8996 9000. Fax: +44 (0)20 8996 7400.

BSI offers members an individual updating service called PLUS which ensures 
that subscribers automatically receive the latest editions of standards.
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Orders for all BSI, international and foreign standards publications should be 
addressed to Customer Services. Tel: +44 (0)20 8996 9001. 
Fax: +44 (0)20 8996 7001. Email: orders@bsi-global.com. Standards are also 
available from the BSI website at http://www.bsi-global.com.

In response to orders for international standards, it is BSI policy to supply the 
BSI implementation of those that have been published as British Standards, 
unless otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and 
international standards through its Library and its Technical Help to Exporters 
Service. Various BSI electronic information services are also available which give 
details on all its products and services. Contact the Information Centre. 
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Copyright
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UK, of the publications of the international  standardization bodies. Except as 
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means –  electronic, photocopying, recording or otherwise – without prior written 
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