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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR – 

Part 5-4: Control circuit devices and switching elements – 
Method of assessing the performance of low-energy contacts – 

Special tests 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

This consolidated version of the official IEC Standard and its amendment has been 
prepared for user convenience.

IEC 60947-5-4 edition 2.1 contains the second edition (2002-10) [documents 17B/1228/
FDIS and 17B/1254/RVD] and its amendment 1 (2019-05) [documents 121A/284/FDIS and 
121A/301/RVD].

In this Redline version, a vertical line in the margin shows where the technical content 
is modified by amendment 1. Additions are in green text, deletions are in strikethrough 
red text. A separate Final version with all changes accepted is available in this 
publication. 
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International Standard IEC 60947-5-4 has been prepared by subcommittee 17B: Low-voltage 
switchgear and controlgear, of IEC technical committee 17: Switchgear and controlgear. 

This second edition has the status of an International Standard. 

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

Some slight modifications, mainly of an editorial nature, have been introduced since the first 
edition. 

The committee has decided that the contents of the base publication and its amendment will 
remain unchanged until the stability date indicated on the IEC web site under 
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the 
publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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INTRODUCTION 

General usage of control switches may not be suitable for use at very low voltages and 
therefore it is recommended to seek the advice of the manufacturer concerning any 
application with a low value of operational voltage, for example, below 100 V a.c. or d.c. (see 
IEC 60947-5-1:2016, note 2 of 4.3.1.1 4.3.2.2). 

However, the development of electronic systems and programmable controllers in industrial 
processes increases the use of switching elements in low-voltage circuit control. 

It is thus necessary to define how predictional behaviour of contacts in this area should be 
established (with an acceptable confidence level), by using precise conventional testing 
methods, down to specified values (such as 24 V, 1 mA; 5 V, 10 mA). 

The objective of this document is to ensure the availability of contacts used in this area, 
including normally-open contacts. 

This document shall be used as a complement of IEC 60947-5-1 for low-energy contacts 
applications. 
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR –  
 

Part 5-4: Control circuit devices and switching elements – 
Method of assessing the performance of low-energy contacts – 

Special tests 
 
 

1 Scope and object 

This part of IEC 60947 applies to separable contacts used in the utilization area considered, 
such as switching elements for control circuits. 

This standard takes into consideration two typical rated voltage areas: 

a) above (and including) 10 V (typically 24 V) where contacts are used for switching loads 
with possible electrical erosion, such as programmable controller inputs; 

b) below 10 V (typically 5 V) with negligible electrical erosion, such as electronic circuits. 

This standard does not apply to contacts used in:  

– functional safety area. In case of contacts used in functional safety area, Annex N of 
 IEC 60947-5-1:2016 applies; 
– the very low energy area of measurement, for example, sensor or thermocouple  systems. 

The object of this standard is to propose a method of assessing the performances of low 
energy contacts giving 

– useful definitions; 
– general principles of test methods which are to monitor and record the behaviour of 

contacts at each operation; 
– functional bases for the definition of a general testing equipment; 
– preferred test values; 
– particular conditions for testing contacts intended for specific applications (such as 

switching of PC inputs); 
– information to be given in the test report; 
– interpretation and presentation of the rest results. 

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 60068-1:19882013, Environmental testing – Part 1: General and guidance  
Amendment 1 (1992) 

IEC 60068-2 (all parts), Environmental testing – Part 2: Tests 

IEC 60605-6:19972007, Equipment reliability testing – Part 6: Tests for the validity and 
estimation of the constant failure rate or and constant failure intensity assumptions 
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IEC 60947-1:19992007, Low-voltage switchgear and controlgear – Part 1: General rules 1  
Amendment 1 (20002010)  
Amendment 2 (20012014) 

IEC 60947-5-1:19972016, Low-voltage switchgear and controlgear – Part 5-1: Control circuit 
devices and switching elements – Electromechanical control circuit devices 2  
Amendment 1 (1999)  
Amendment 2 (1999) 

IEC 61131-2:1992, Programmable controllers – Part 2: Equipment requirements and tests 

3 Definitions and list of symbols used 

3.1 Definitions 

For the purpose of this part of IEC 60947, the following definitions apply. 

In this standard the term “time interval” is expressed as the “number of operating cycles”, as 
appropriate in definitions. 

3.1.1 
reliability 
probability that an item can perform a required function, under given conditions, for a given 
time interval (t1, t2) 
NOTE 1 It is generally assumed that the item is in a state to perform this required function at the beginning of 
the time interval. 

NOTE 2 The term “reliability” is also used to denote the reliability performance quantified by this probability (see 
IEV 191-02-06). 

[IEV 191-12-01] 

3.1.2 
contact reliability 
probability that a contact can perform a required function, under given conditions, for a given 
number of operating cycles 

3.1.3 
failure 
termination of the ability of an item to perform a required function  
NOTE 1 After a failure the item has a fault. 

NOTE 2 “Failure” is an event, as distinguished from “fault”, which is a state. 

NOTE 3 This concept as defined does not apply to items consisting of software only. 

[IEV 191-04-01] 

3.1.4 
defect 
non-fulfilment of an intended requirement or an expectation for an entity, including one 
concerned with safety 
NOTE The requirement or expectation should be reasonable under the existing circumstances. 

——————— 
1 A consolidated version of this standard exists. 

2 A consolidated version of this standard exists. 
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3.1.5 
observed failure rate λob 
for a stated period in the life of an item, ratio of the total number of failures in a sample to 
cumulated observed number of cycles on that sample. The observed failure rate is to be 
associated with particular and stated numbers of operating cycles (or summation of operating 
cycles) in the life of the item and with stated conditions 

3.1.6 
assessed failure rate λc 
failure rate of an item determined by a limiting value or values of the confidence interval 
associated with a stated confidence level, based on the same data as the observed failure 
rate of nominally identical items 
NOTE 1 The source of the data should be stated. 

NOTE 2 Results can be accumulated (combined) only when all conditions are similar. 

NOTE 3 The assumed underlaying distribution of failures against time should be stated. 

NOTE 4 It should be stated whether a one-side or a two-side interval is being used. 

NOTE 5 Where only one limiting value is given, this is usually the upper limit. 

3.1.7 
constant failure rate period 
that period, if any, in the life of a non-repaired item during which the failure rate is approx-
imately constant 
[IEV 191-10-09] 
NOTE In reliability engineering, it is often assumed that the failure rate λ is constant, that is that the times to 
failure are distributed exponentially. 

3.1.8 
controlling unit 
equipment generating commands to run a specified test sequence controlling synchronization 
and the flow of orders (such as starts, measurements, stops) 

3.1.9 
steady state (of the contacts after closing) 
state of the contact after mechanical stabilization (after operation bounces) 

3.1.10 
load 
device which is to be controlled by the contact under test 

3.1.11 
duty ratio 
ratio, for a given time interval, of the on-load duration to the total time 
[IEV 151-04-13] 

3.1.12 
contact voltage drop Uk 
voltage between the contact members in the steady state 

3.1.13 
defect contact voltage drop Ukd 
value of the voltage drop for which a defect is registered if it is exceeded for a time more 
than td 

3.1.14 
defect time td 
minimum time during which a contact voltage drop greater than Ukd is considered as a defect 
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3.1.15 
ON voltage UON 
minimum voltage necessary for activating the load from the OFF to the ON state 

3.1.16 
ON time tON 
corresponding minimum duration of the application of voltage UON for activating the load from 
the OFF to the ON state 

3.1.17 
OFF voltage UOFF 
maximum voltage necessary for deactivating the load from the ON to the OFF state 

3.1.18 
OFF time tOFF 
corresponding minimum time to change from the ON to the OFF state when the voltage drops 
to UOFF or below 

3.2 List of symbols used 

AX auxiliary contact (see figure 2) 
B coefficient used for statistical analysis (see table 1) 
c confidence level 
C contact under test (see figure 2) 
I test current 
mc statistical assessed constant mean number of operating cycles to failure (lower limit) at 

confidence level c (mc = 1/λc) 
M measurement of voltage drop or monitoring the load (see figure 4) 
n number of tested items at the commencement of the test (see 9.2.2) 
N number of operating cycles (see 9.2.2) 
Ni number of operating cycles for item i (see 9.2.2) 
N* cumulative number of operating cycles (see 9.2.2) 
r number of failures (see 9.2.2) 
tb time to reach steady-state conditions (see figure 4) 
td defect time (see 3.1.14) 
tc final time without surveillance before breaking current (see figure 4) 
te time interval between the opening of AX and C (see figure 5) 
ti initial time without surveillance after initiation of current (see figure 4) 
tm time of measurement of contact voltage drop Uk or monitoring the load (see figure 4) 
tOFF OFF time (see 3.1.18) 
tON ON time (see 3.1.16) 
tp time of current flowing (see figure 4) 
ts time of steady state of the test contact (see 3.1.9 and figure 4) 
U supply voltage of the test circuit 
Uk contact voltage drop (see 3.1.12) 
Ukd defect contact voltage drop (see 3.1.13) 
UL voltage across the load (see figure 3) 
UOFF OFF voltage (see 3.1.17) 
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UON ON voltage (see 3.1.15) 
T period of the test cycle (see figure 4) 

λ true constant failure rate 

λc assessed failure rate (upper limit) at confidence level c 

λob observed failure rate (calculated from test) (see 3.1.5) 

4 General principles 

A method of assessing the performances of low-energy contacts by special tests is proposed. 
As the failures of such contacts are of a random nature, the method is based on a continuous 
monitoring of the contacts under test. 

For the basic method (see 6.1.1), the voltage drop between the terminals of the closed 
contact (steady state – see 3.1.9) is measured for each operation and compared to a 
specified threshold. 

In the alternative method, the behaviour of the load is monitored at each operating cycle. 

The measurement is performed under constant voltage U (see figures 2 and 3). The contact(s) 
under test is (are) mounted and connected as in normal service and under ambient conditions 
as defined in clause 8. The measurement of the voltage drop is made directly on the 
connecting terminals of the contact(s) or on the connecting terminals of the load (see 6.1.2). 

In the basic and alternative methods recommended here (see 6.1.1 and 6.1.2), the contacts 
under test switch (make and break) the load. 

For tests without switching the load, the analysis may be performed on the same equipment. 
The testing equipment for this purpose should, therefore, be designed accordingly. 

It may be possible to test the contact(s) in particular environments (dry heat, dust, damp heat, 
H2S, etc.). Such environments shall be agreed between the user and the manufacturer, and 
shall be chosen from those defined in the IEC 60068-2 series (see clause 8). 

In the basic method, tests are made with direct current. Precautions concerning measurement 
of low voltage shall be taken (for example, the use of shielded cables). 

When the test is performed on a load, care must be taken to avoid voltage drops other than 
contact voltage drop (use of stabilized power supply). 

Any external influence liable to affect the results (such as vibrations) shall be avoided. 

5 General test method 

The equipment used for the test (see figure 1) controls 

– the operation of contacts under test; 
– the electrical supply for contact circuits; 
– the measurement of contact voltage drop for the basic method or the monitoring of the 

state of the load for the alternative method; 
– the detection and recording of defects and failures for each of the contacts under test. 
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