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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
MEASURING RELAYS AND PROTECTION EQUIPMENT –  

 
Part 1: Common requirements 

 
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. 

IEC 60255-1 has been prepared by IEC technical committee 95: Measuring relays and 
protection equipment. It is an International Standard. 

This second edition cancels and replaces the first edition published in 2009. This edition 
constitutes a technical revision.  

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) scope of document clarified; 
b) merging units and communications as an integral part of the protection added; 
c) binary output clarification expanded; 
d) environmental operating conditions added (Annex B); 
e) test reference conditions added; 
f) multiple changes to improve understanding across most clauses; 
g) derating by manufacturer added; 
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h) safety and EMC tests removed from document and referenced only; 
i) relay setting and type test guidelines modified (Annex A) 
j) battery monitor port and low power instrument transformers added. 

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

Draft Report on voting 

95/513/FDIS 95/521/RVD 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

A list of all parts in the IEC 60255 series, published under the general title Measuring relays 
and protection equipment, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended.  
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INTRODUCTION 

The following explains the numbering of documents falling under the responsibility of TC 95: 

The numbering of documents follows the following principle: 

• common standards start with IEC 60255–XX; 

• protection functional standards fall into IEC the 60255-1XX series. 

The IEC 60255 series consists of the following parts: 

a) Common standards: 
Part 1: Common requirements  
Part 21: Vibration, shock, bump and seismic tests  
Part 24: Common format for transient data exchange (COMTRADE) for power systems 
Part 26: Electromagnetic compatibility requirements 
Part 27:  Product safety requirements  

b) Protection functional standards: 
Part 1XX: Functional requirements 

NOTE The last two digits of the part of the proposed functional standard new numbering correspond to function 
numbers as established in IEEE Std C37.2TM-2008 [3]1. 

 

  

___________ 
1  Numbers in square brackets refer to the Bibliography. 
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MEASURING RELAYS AND PROTECTION EQUIPMENT – 
 

Part 1: Common requirements 
 
 
 

1 Scope 

This part of IEC 60255 specifies common rules and requirements applicable to measuring relays 
and protection equipment, including any combination of equipment to form a distributed 
protection scheme for power system protection such as control, monitoring and process 
interface equipment, to obtain uniformity of requirements and tests. This document covers the 
main technologies in use today; other emerging technologies present specific EMC and safety 
issues but the philosophy in this document will be applied. 

All measuring relays and protection equipment used for protection within the power system 
environment are covered by this document. Other documents in this series can define their own 
requirements which in such cases take precedence. The typical locations for measuring relays 
and protection equipment are where protection of electrical equipment is required: generally 
power stations, substations and industrial locations. 

Measuring relays and protection equipment installed in special applications (marine, railways, 
aerospace, explosive atmospheres, computer centres, etc.) could be enhanced by additional 
requirements required by that application. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements 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 60068-2-1, Environmental testing – Part 2-1: Tests – Test A: Cold 

IEC 60068-2-2, Environmental testing – Part 2-2: Tests – Test B: Dry heat 

IEC 60068-2-14, Environmental testing – Part 2-14: Tests – Test N: Change of temperature 

IEC 60068-2-30, Environmental testing – Part 2-30: Tests – Test Db: Damp heat, cyclic 
(12 h + 12 h cycle) 

IEC 60068-2-78, Environmental testing – Part 2-78: Tests – Test Cab: Damp heat, steady state 

IEC 60255-21-1, Electrical relays – Part 21: Vibration, shock, bump and seismic tests on 
measuring relays and protection equipment – Section One: Vibration tests (sinusoidal) 

IEC 60255-21-2, Electrical relays – Part 21: Vibration, shock, bump and seismic tests on 
measuring relays and protection equipment – Section Two: Shock and bump tests 

IEC 60255-21-3, Electrical relays – Part 21: Vibration, shock, bump and seismic tests on 
measuring relays and protection equipment – Section 3: Seismic tests 

IEC 60255-26, Measuring relays and protection equipment – Part 26: Electromagnetic 
compatibility requirements 
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IEC 60255-27, Measuring relays and protection equipment – Part 27: Product safety 
requirements 

IEC 60255-1XX (all parts), Measuring relays and protection equipment – Part 1XX: Functional 
requirements 

IEC 60688, Electrical measuring transducers for converting AC and DC electrical quantities to 
analogue or digital signals 

IEC 61810-1, Electromechanical elementary relays – Part 1: General and safety requirements 

IEC 61869-2, Instrument transformers – Part 2: Additional requirements for current transformers 

IEC 61869-3, Instrument transformers – Part 3: Additional requirements for inductive voltage 
transformers  

IEC 61869-5, Instrument transformers – Part 5: Additional requirements for capacitor voltage 
transformers  

IEC 61869-10, Instrument transformers – Part 10: Additional requirements for low-power 
passive current transformers 

IEC 61869-11, Instrument transformers – Part 11: Additional requirements for low-power 
passive voltage transformers 

3 Terms, definitions and abbreviated terms 

3.1 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

ISO and IEC maintain terminology databases for use in standardization at the following 
addresses:  

• IEC Electropedia: available at https://www.electropedia.org/ 

• ISO Online browsing platform: available at https://www.iso.org/obp 

3.1.1  
absolute error 
difference between a measured value and its declared value 

[SOURCE: IEC 60050-447:2020 [5], 447-08-01] 

3.1.2  
analogue input port 
port intended for current or voltage input whose values are directly proportional to physical 
measured quantities, i.e. transducer input (measuring temperature, light, etc.) 

3.1.3  
analogue output port 
port that generates an analogue output signal to drive actuators, analogue panel meters, etc.  

Note 1 to entry: Typically a current or voltage less than or equal to 20 mA or 10 V DC respectively. 
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3.1.4  
assigned error 
error limits within which the manufacturer declares that any measuring relay or protection 
equipment of a given type will perform under reference conditions of influence quantities 

[SOURCE: IEC 60050-447:2020 [5], 447-08-13, modified – the term “declared error” has been 
removed.] 

3.1.5  
auxiliary power supply port 
AC or DC auxiliary energizing input 

Note 1 to entry: Some modern relays have a single auxiliary power supply port that can be energized with both AC 
and/or DC. 

3.1.6  
battery monitor port 
port intended for connection to the station battery for the purpose of battery voltage monitoring  

3.1.7  
binary input port 
port intended for inputs which have an on or off state given by direct connection to an energizing 
quantity without any communications protocol 

3.1.8  
binary output port 
port intended for outputs which have an on or off state given by direct connection without any 
communications protocol 

3.1.9  
substation control room 
room of a substation in which are located facilities necessary to monitor and control substation 
items 

[SOURCE: IEC 60050-605:1983 [7], 605-02-34] 

3.1.10  
communication port 
interface on measuring relays and protection equipment used for transfer of information in 
digital format pertaining to, for example, current or voltage inputs or outputs, binary inputs, 
binary outputs, data files 

3.1.11  
dynamic performance 
set of characteristics defining the ability of a measuring relay or protection equipment to achieve 
the intended functions under fault conditions (for example, single phase to earth fault) and/or 
abnormal system conditions which occur at the power system frequency (for example, power 
swings, harmonics) 

[SOURCE: IEC 60050-447:2020 [5], 447-07-15] 

3.1.12  
earth port 
point where a cable intended for connection to earth for functional or safety purposes can be 
connected 
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3.1.13  
energizing quantity 
quantity itself or signal representing the information corresponding to the quantity that, applied 
to a measuring relay or protection equipment under specified conditions, enables it to operate 

Note 1 to entry:  Both input energizing quantity and auxiliary energizing quantity are energizing quantities. 

[SOURCE: IEC 60050-447:2020 [5], 447-03-01] 

3.1.14  
equipment 
single apparatus or set of devices or apparatuses, or a set of main devices of an installation, 
or all devices necessary to perform a specific task 

Note 1 to entry: Examples of equipment are a power transformer and the equipment of a substation. 

Note 2 to entry: For this document, equipment is a measuring relay or protection equipment. 

[SOURCE: IEC 60050-151:2001 [4], 151-11-25, modified – Note 2 to entry has been added.] 

3.1.15  
equipment under test 
EUT 
equipment submitted to a test, including any accessories such as communication modules, plug 
in power supplies, unless otherwise specified 

3.1.16  
human machine interface 
HMI 
user interface or dashboard that allows a person to access and operate a system, or device 

3.1.17  
influence quantity 
quantity not essential for the performance of an EUT but affecting its performance 

Note 1 to entry: For electric devices, typical influence quantities may be temperature, humidity, pressure. 

[SOURCE: IEC 60050-151:2001 [4],151-06-31, modified – the term “item” has been replaced 
by “EUT”.] 

3.1.18  
input port 
port through which the EUT is energized or controlled in order to perform its function(s) 

EXAMPLE Analogue current transformer (LPCT or CT) input, analogue voltage transformer (LPVT or VT) input, 
binary input, battery monitor input, etc. 

3.1.19  
intrinsic accuracy 
quality that characterizes the ability of a measuring relay or protection equipment, when used 
under reference conditions of influence quantities, to operate both at the value of characteristic 
quantity and at the time close to their declared values (e.g. setting values) 

[SOURCE: IEC 60050-447:2020 [5], 447-08-18] 

3.1.20  
low-power instrument transformer 
LPIT  
arrangement, consisting of one or more current or voltage transformer(s) which may be 
connected to transmitting systems and secondary converters, all intended to transmit a low- 
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power analogue or digital output signal to measuring instruments, meters and protective or 
control devices or similar apparatus 

EXAMPLE An arrangement consisting of three current sensors, three voltage sensors connected to one merging 
unit delivering one digital output is considered an LPIT.  

Note 1 to entry: LPITs are commonly called non-conventional instrument transformers (NCIT). 

Note 2 to entry: The output power produced by these devices is typically lower or equal to 1 VA. 

[SOURCE: IEC 61869-6:2016 [20], 3.1.601, modified – Note 3 to entry has been removed.] 

3.1.21  
low-power current transformer 
LPCT  
low-power instrument transformer for current measurement  

[SOURCE: IEC 61869-6:2016 [20], 3.1.602, modified – Note 1 to entry has been removed.] 

3.1.22  
low-power voltage transformer 
LPVT  
low-power instrument transformer for voltage measurement  

[SOURCE: IEC 61869-6:2016 [20], 3.1.603, modified – Note 1 to entry has been removed.] 

3.1.23  
merging unit 
physically independent unit collecting multi-channel digital signals, analogue outputs from 
current and voltage transformers synchronously, and which transmits these signals digitally 

3.1.24  
multifunction protection equipment 
single apparatus taking a range of input measurements and performing a multitude of protection 
functions on these measurements 

3.1.25  
non-weatherprotected 
location in which the equipment is exposed to all environmental conditions and is not protected 
from direct sunlight  

3.1.26  
operating accuracy 
quality that characterizes the ability of a measuring relay or protection equipment to minimize 
the absolute error, when influence quantity(ies) is(are) different from its reference value(s) 

Note 1 to entry: The operating accuracy of measuring relays and protection equipment depends on intrinsic 
accuracy and uncertainty associated with the variation of the performance of components due to influence quantities. 

[SOURCE: IEC 60050-447:2020 [5], 447-08-17, modified – Note 1 to entry has been added.] 

3.1.27  
output port 
port through which the EUT produces predetermined changes   

3.1.28  
overall system accuracy 
accuracy of a protection system, considering intrinsic accuracy and operating accuracy of the 
equipment, to which are added uncertainties and variations due to external sensors accuracy 
and to external wires 
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3.1.29  
partially weather protected 
location in which the equipment is protected from precipitation and direct sunlight but is exposed 
to the outside air through ventilation or louvres 

3.1.30  
port  
interface on measuring relays and protection equipment  

SEE: Figure 1. 

 

Figure 1 – Ports for measuring relays and protection equipment 

3.1.31  
primary relay  
electric relay directly energized by the current or voltage in a main circuit, without any 
intermediate instrument transformer, shunt or transducer 

Note 1 to entry: The main circuit includes all the conductive parts, and is intended for transmitting electrical energy. 

[SOURCE: IEC 60050-447:2020 [5], 447-01-20] 

3.1.32  
product family 
range of products based on a common hardware and/or software platform 

3.1.33  
programmable logic device 
integrated circuit that consists of logic elements with an interconnection pattern, parts of which 
are user programmable  

[SOURCE: IEC 60050-521:2002 [6], 521-11-01] 

3.1.34  
rated value 
value of a quantity used for specification purposes, established for a specified set of operating 
conditions of a component, device, equipment, or system 

[SOURCE: IEC 60050-151:2001 [4], 151-16-08] 
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3.1.35  
routine test 
conformity test made on each individual equipment during or after manufacture 

Note 1 to entry: Individual equipment includes complete products and spare parts. 

[SOURCE: IEC 60050-151:2001 [4], 151-16-17, modified – the word "item" has been replaced 
by the word "equipment" and Note 1 to entry has been added.] 

3.1.36  
secondary relay 
electric relay energized by the quantity (e.g. electric current or voltage) derived from an 
instrument transformer or transducer 

[SOURCE: IEC 60050-447:2020 [5], 447-01-21] 

3.1.37  
service port 
interface on measuring relays and protection equipment used for temporary connection for the 
transfer of information  

3.1.38  
signal or control port 
port intended for the interconnection of components of an EUT, or between an EUT and local 
auxiliary equipment, and used in accordance with relevant functional specifications (for 
example, for the maximum length of cable connected to it) 

Note 1 to entry: Examples include EIA-232, universal serial bus (USB), high-definition multimedia interface (HDMI), 
IEEE Standard 1394 ("Fire Wire"), IRIG-B interface. 

3.1.39  
technical data 
product specification made available to a user which could be product specification sheets, user 
manuals, etc. 

3.1.40  
totally weatherprotected 
location in which the equipment is isolated from the outdoor environment and is maintained 
under stable conditions 

3.1.41  
transducer 
equipment that converts variations in a physical quantity such as temperature, into an electrical 
signal 

3.1.42  
transient response 
reaction of a measuring relay or protection equipment under transient system conditions that 
occur at off-rated power system frequency (for example, magnetizing inrush, capacitive voltage 
transformer transients) 

[SOURCE: IEC 60050-447:2020 [5], 447-07-16] 

3.1.43  
type test 
test of one or more devices made to a given design, to check if these devices comply with the 
requirements of the standard concerned 

[SOURCE: IEC 60050-851:2008 [21], 851-12-05]  
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3.1.44  
wired network port 
port for the connection of voice, data and signalling transfers intended to interconnect widely 
dispersed systems by direct connection to a single-user or multi-user communication network 

Note 1 to entry: Examples of these include CATV, PSTN, ISDN, xDSL, LAN and similar networks. 

Note 2 to entry: These ports may support screened or unscreened cables and may also carry AC or DC power (e.g. 
PoE) where this is an integral part of the telecommunication specification.   

Note 3 to entry: A port generally intended for interconnection of components of a system under test (e.g.  EIA-232, 
IEEE Standard 1284 (parallel printer), universal serial bus (USB), IEEE Standard 1394 ("Fire Wire"), etc.) and used 
in accordance with its functional specifications (e.g. for the maximum length of cable connected to it), is not 
considered to be a wired network port.   

3.1.45  
wireless network port 
port for the connection of voice, data and signalling transfers intended to interconnect widely 
dispersed systems by radio frequency connection to a single-user or multi-user communication 
network 

3.2 Abbreviated terms 
AE Auxiliary equipment  
BI Binary input 
CATV Communal (broadcasting) antenna/cable TV network  
CT Current transformer 
EMC Electromagnetic compatibility 
EUT Equipment under test 
HMI Human machine interface 
HRV Highest rated voltage 
ISDN Integrated services digital network  
LAN Local area network 
LCD Liquid crystal display 
LPCT Low-power current transformer 
LPIT Low-power instrument transformer 
LPVT Low-power voltage transformer 
LRV Lowest rated voltage 
MCB Miniature circuit breaker 
NCIT Non-conventional instrument transformer 
PoE Power over Ethernet 
PSTN Public switched telephone network 
SEF sensitive earth fault 
USB Universal serial bus 
VT Voltage transformer 
xDSL Generic term for all types of DSL (digital subscriber line) technology 

4 Environmental conditions 

4.1 General 

Clause 4 specifies the environmental conditions for stationary use, maintenance and repair. 
Additional information on the operating environments can be found in Annex B. 
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4.2 Normal environmental conditions 

Measuring relays and protection equipment are intended to be used in the normal environmental 
conditions listed in Table 1. 

Table 1 – Normal environmental conditions 

Environmental parameters Conditions 

Ambient air temperature a Upper limit ≤ +55 °C b 

 Lower limit ≥ –10 °C b 

Solar radiations Negligible 

Altitude ≤ 2 000 m  

Air pollution by dust, salt, smoke, corrosive and/or flammable gas, 
vapours No significant air pollution c  

Relative humidity: 24 h average  From 5 % to 95 % d 

Vibration, shocks, bumps and seismic conditions 
According to IEC 60255-21-1, 
IEC 60255-21-2 and IEC 60255-21-3 
environment Class 1 or Class 2 

Electromagnetic disturbances Electromagnetic environment defined by 
immunity test levels of IEC 60255-26 

a The ambient air temperature is the maximum or minimum temperature around the enclosure of the protection 
equipment. Depending on the type of climate and the type of weather protected location where a measuring 
relay and protection equipment is installed, temperature limits can be more or less severe. Consequently, the 
equipment should be capable of operating under one of the preferred standard temperature ranges listed in 5.8. 

b Display performance can degrade with temperature; however, it shall be readable over the normal environmental 
temperature range. 

c Pollution levels in this area are negligible and no test is required. 
d No condensation or ice is considered. 

 

4.3 Special environmental conditions 

When equipment is used under conditions different from the normal environmental conditions 
given in Table 1, there shall be an agreement between the manufacturer and the user. 

4.4 Environmental storage conditions 

The temperature range of storage shall be chosen from the ranges given in 5.8 and stated by 
the manufacturer (in the technical data). The humidity range for storage shall be declared by 
the manufacturer (in the technical data). 

4.5 Transport conditions 

The scope of this document does not cover the transportation of equipment between the 
manufacturer and the customer. However, the manufacturer shall ensure that the equipment is 
suitably marked (with relevant symbols) and packaged to withstand, without damage, 
reasonable handling and environmental conditions appropriate to the method(s) of 
transportation to the customer’s delivery address. 

5 Ratings 

5.1 General 

The rated values listed below are preferred values for specification purposes. Other values may 
be adopted according to the conditions of operation and use. 
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5.2 Rated voltage 

5.2.1 Input energizing voltage 

5.2.1.1 Primary relay 

The manufacturer shall declare (in the technical data) the rated values for AC voltage or DC 
voltage. 

5.2.1.2 Secondary relay 

The manufacturer shall declare (in the technical data) the rated values for AC voltage or DC 
voltage. The preferred rated values of AC voltages are given in IEC 61869-3 and IEC 61869-5. 

For equipment compatible with electronic voltage transformers, the values shall be those stated 
by the manufacturer (in the technical data); for low-power voltage transformers the preferred 
values shall be those stated in IEC 61869-11. 

5.2.2 Auxiliary power supply port energizing voltage 

5.2.2.1 AC voltage 

The manufacturer shall declare (in the technical data) the rated values for AC voltage. The 
preferred rated values of AC voltages, in RMS value, are given below, together with those 
values multiplied by 3  or 1/ 3 :  

12 V; 24 V; 48 V; 100 V; 110 V; 115 V; 120 V; 200 V; 220 V; 230 V; 240 V; 480 V; 600 V. 

5.2.2.2 DC voltage 

The manufacturer shall declare (in the technical data) the rated values for DC voltage. The 
preferred rated values of DC voltages are given below:  

12 V; 24 V; 40 V; 48 V; 60 V; 110 V; 125 V; 127 V; 220 V; 250 V. 

5.2.2.3 Operating voltage range  

The manufacturer shall declare (in the technical data) the operating range. The minimum 
operating range is 80 % of lower rated voltage to 110 % of higher rated voltage. 

5.2.3 Rated insulation voltage 

The rated insulation voltage of one or all the circuits of the equipment shall be chosen from the 
values stated in IEC 60255-27. 

5.3 Rated current – Input energizing current 

5.3.1 Primary relay 

The manufacturer shall declare (in the technical data) the rated values for AC or DC currents. 

5.3.2 Secondary relay 

The manufacturer shall declare (in the technical data) the rated values for AC or DC currents.  
The preferred rated values of AC currents, in RMS value, are in line with IEC 61869-2. 

For equipment compatible with electronic low-power current transformers and low-power 
instrument transformers, the values shall be those stated in IEC 61869-10 and IEC 61869-11. 
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5.4 Binary input and output port 

5.4.1 Binary input port 

The manufacturer shall declare (in the technical data) the filtering duration, rated values and 
operating thresholds. The preferred rated values are those given in 5.2.2. 

5.4.2 Binary output port 

Binary outputs intended to be connected to the tripping coils of switchgear and controlgear shall 
have the parameters listed in Table 2. Binary outputs not intended for connection to tripping 
coils shall be documented in the product technical data. 

Figure 2 illustrates the testing current and time thresholds using a typical in-service output 
circuit current profile. The tests for compliance with the listed limits may be carried out 
individually. The manufacturer shall declare the binary output parameters (in the technical data) 
for all binary outputs against the categories in Table 2. 

Table 2 – Contact performance requirements 

Mechanical endurance Unloaded contact operation  ≥ 10 000 cycles 

Electrical endurance Closing operations b, c ≥ 1 000 cycles 

Opening operations b, d ≥ 1 000 cycles 

Contact current a Continuous contact current ≥ 5 A 

Making limits Limiting making capacity 
(inductive) 

≥ 1 000 W at L/R = 40 ms for DC e,  

at power factor 0,3 for AC 

Short-time contact current 
(make and carry, resistive)  

≥ 30 A, 200 ms 

The duty cycle for the short-time rating shall consist 
of the sequence of 200 ms on, 15 s off (current is 
interrupted by independent means at the end of 
each on-cycle) 

Breaking limits Limiting breaking capacity ≥ 30 W at L/R = 40 ms for DC e,  

at power factor 0,3 for AC 

a Contact current is steady state current flow through contact (no making or breaking). 
b The manufacturer shall declare (in the technical data) the contact voltage for the items in accordance with 

5.2.2.1 and 5.2.2.2. 
c The closing operations shall be loaded according to the making limits. 
d The opening operations shall be loaded according to the breaking limits. 
e The testing shall be done at direct current only for AC/DC rated contacts. 
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Figure 2 – Binary output parameters 

5.5 Transducer analogue input and output port 

5.5.1 Transducer analogue input port 

The manufacturer shall declare the ratings (in the technical data). 

5.5.2 Transducer analogue output port 

The manufacturer shall declare the ratings (in the technical data). 

5.6 Frequency 

5.6.1 Rated frequency 

The manufacturer shall declare the rated frequency (in the technical data). 

The preferred values of the rated fundamental frequency are as follows: 

16,7 Hz; 25 Hz; 50 Hz; 60 Hz. 

NOTE 16,7 Hz and 25 Hz are for railway applications. 

5.6.2 Frequency operating range 

The manufacturer shall declare the frequency operating range (in the technical data). 

The preferred frequency operating range of the equipment shall be specified according to one 
of the following ranges: 

−5 % to +5 %; −5 % to +10 %; −10 % to +5 % or −10 % to +10 % of the rated frequency. 

For protection equipment designed to operate over a wide frequency range, for example 
generator protection, this extended frequency range shall also be specified. 

5.7 Rated burden 

The manufacturer shall declare (in the technical data) the rated burden represented by the 
measuring or protection equipment for voltage transformers (VTs), current transformers (CTs), 
binary inputs (BIs) and auxiliary power supply ports. 
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The rated burden shall be determined: for the voltage transformers (at rated value), current 
transformers (at rated value), binary inputs (at LRV and HRV), and auxiliary power supply (at 
LRV and HRV) with equipment configured to draw minimum and maximum power. 

The manufacturer shall declare (in the technical data) whether the auxiliary power supply port 
has inrush limiting circuitry, and the current inrush limit. The inrush current can cause issues 
for some types of MCB; the manufacturer shall recommend an MCB type (in the technical data). 

5.8 Rated ambient temperature range 

The manufacturer shall declare (in the technical data) the rated ambient temperature range; 
within this temperature range all the ratings of safety critical components defined in IEC 60255-
27 shall not be exceeded. 

Unless otherwise stated, the preferred rated ambient temperature is −10 °C to 55 °C for the 
operation of the equipment. Other recommended values are according to Table 3: 

Table 3 – Hot and cold temperatures 

Cold air temperatures 5° C, 0 °C, -5 °C, -10 °C, -20 °C, -25 °C, -30 °C, -40 °C, -55 °C 

Hot air temperatures 40 °C, 45 °C, 50 °C, 55 °C, 60 °C, 65 °C, 70 °C, 80 °C, 85 °C 

 

Additional information can be found in 6.12. 

6 Design and construction 

6.1 Marking 

The equipment shall be marked in accordance with IEC 60255-27. 

6.2 Dimensions 

The manufacturer shall declare (in the technical data) the dimensions of the equipment and all 
auxiliary devices. 

6.3 Enclosure protection 

The equipment shall meet the requirements of IEC 60255-27. 

NOTE Measuring relays and protection equipment do not cause reductions in air pressure and therefore 
IEC 60529 [19] , category 2, is applicable. 

6.4 Product safety requirements 

The equipment shall comply with the requirements of IEC 60255-27. 

6.5 Functional performance requirements 

6.5.1 General 

The protection function operation is specified in the functional standards (see the 
IEC 60255-1XX series). If the relevant functional standard does not exist, the protection 
function operation is specified by the manufacturer (in the technical data). 
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The requirements and accuracies defined in 6.5.2 to 6.5.6 apply to the functional standards. In 
all cases, the manufacturer shall state (in the technical data) the limitations of their supplied 
equipment, i.e. the operate time measured from the applied voltage and current to the output 
contact operation or communication operation. 

The measuring relays and protection equipment can be a complete product or made up of 
discrete parts, for example a merging unit and a measuring relay. The manufacturer shall 
declare (in the technical data) the performance of the individual components and the assembled 
system in accordance with the accuracy requirements of 6.5.2 to 6.5.6 (where applicable). 
Where accuracy claims are made, the manufacturer shall declare how the energizing quantity 
has been generated. If a system is made up of several manufacturers’ discrete parts, then the 
responsibility for ensuring overall system accuracy lies with the system integrator. 

6.5.2 Intrinsic accuracy 

6.5.2.1 General 

An assigned error of the equipment under the test reference conditions as stated in Table 11 
shall be declared by the manufacturer (in the technical data). The actual measurement error of 
the equipment shall be less than or equal to the declared value of the assigned error under 
these conditions considering the test equipment uncertainty. 

The preferred accuracy expressed as a percentage shall be specified according to one of the 
following values: 

0,2 %; 0,5 %; 1,0 %; 1,5 %; and so on with a step of 0,5 %. 

6.5.2.2 Accuracy relating to the characteristic quantity 

The equipment measuring accuracy relating to the characteristic quantity as defined in the 
IEC 60255-1XX series shall be expressed as a maximum error (where applicable). The 
maximum error shall be verified from five consecutive measurements. 

The accuracy relating to the characteristic quantity shall be expressed as either: 

• an absolute quantity, or 

• a percentage of the setting value, or 

• a percentage of the setting value together with a fixed absolute quantity, for example 5 % 
or 20 mA, whichever is the greater. 

6.5.2.3 Accuracy specification for operate time of time delayed elements 

The equipment measuring accuracy related to operate time as defined in the IEC 60255-1XX 
series shall be expressed as a maximum error (where applicable). The maximum error shall be 
verified from at least five consecutive measurements. 

The accuracy relating to time shall be expressed as either: 

• a percentage of time setting, or  

• a percentage of the time setting value, together with a fixed time error (where this can 
exceed the percentage value), for example 5 % or 20 ms, whichever is the greater, or 

• a fixed absolute quantity, for example 20 ms. 

6.5.2.4 Accuracy specification for operate time of instantaneous elements 

The equipment measuring accuracy related to the operate time of instantaneous elements as 
defined in the IEC 60255-1XX series shall be expressed as a maximum error (where 
applicable). The maximum error shall be verified from five consecutive measurements. 
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The maximum error shall be expressed as an absolute time, for example 20 ms. 

6.5.3 Operating accuracy 

The manufacturer shall declare (in the technical data) the variations due to influencing 
quantities or factors, such as temperature, auxiliary power supply energizing quantity, 
harmonics, frequency, etc. The IEC 60255-1XX series defines which influencing quantities are 
relevant. The determination of variation in error due to changing any one influencing quantity 
or factor between the limits of its rated range shall be made under the test reference conditions 
as stated in Table 11 except for the influencing quantity or factor for which the variation is being 
determined. 

The accuracy with influencing quantities should be expressed as detailed in 6.5.2. 

6.5.4 Performance under system conditions 

The manufacturer shall declare (in the technical data) the performance of the protection 
functions in accordance with the relevant protection functional standard (IEC 60255-1XX 
series). 

6.5.5 Performance of multifunctional protection equipment 

The manufacturer shall declare (in the technical data) the performance of each protection 
function when used in multifunctional protection equipment in accordance with the IEC 60255-
1XX series. The manufacturer shall declare (in the technical data) any performance limitation 
of the protection function when one or all functions are enabled, including any non-protection 
functions that impact performance. 

6.5.6 Internal user programmable logic 

The manufacturer shall declare (in the technical data) any performance limitation of the 
protection function when used in conjunction with an internal user programmable logic, for 
example a complex logic arrangement could slow down operation of the protection function. 

6.6 Communication protocols 

The communication protocols and the type of communication media used for communication 
with the equipment shall be stated by the manufacturer (in the technical data). The 
communication link can be either a proprietary protocol or one defined by an IEC or other 
industry standard. Conformance testing shall be performed to ensure that the communication 
protocol complies with the relevant standard or specification with the required level of immunity, 
reliability and cybersecurity (see 6.7). 

6.7 Cybersecurity 

The increasing sophistication of protection schemes, coupled with the advancement of 
technology and the desire for vendor interoperability, has resulted in standardization of 
networks and data interchange within substations. Today, devices within substations use 
standardised protocols for communication. Furthermore, substations can be interconnected with 
open networks, such as the internet or corporate-wide networks, which use standardised 
protocols for communication. This introduces a major security risk, making the equipment 
vulnerable to cyber-attacks. 

Cybersecurity provides protection against unauthorised disclosure, transfer, modification, or 
destruction of information or information systems, whether accidental or intentional. To achieve 
this, there are several security standards which apply to the substation environment, for 
example IEC 62443-4-2 [22], ISO/IEC 27019 [24], IEC 62351 series [23], 
IEEE Std 1686-2013 [2]. 
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Due to the ever-evolving communication technology and new threats to security, this 
requirement is not static. Hardware and software security measures are continuously being 
developed and implemented to mitigate the associated threats and risks. The manufacturer 
shall declare (in the technical data) the cybersecurity measures followed to ensure a secure 
product. 

6.8 Binary input and output port 

6.8.1 Binary input port 

The manufacturer shall specify their performance (in the technical data). In all cases the 
following requirements apply: 

a) The binary inputs shall register a change of state when the specified voltage level is applied. 
b) The binary inputs can have a DC, AC or AC/DC operating voltage rating. The operating 

voltage rating and other conditions for binary inputs shall be according to those specified in 
5.2.2 and 5.4.1. When exceeding the voltage ratings in 5.2.2.3, the deviation shall be agreed 
between the manufacturer and the user. 

6.8.2 Binary output port 

The manufacturer shall, in the case of a binary output contact, specify (in the technical data) 
the ratings according to 5.4.2. For other output types or technologies, the manufacturer shall 
specify their ratings. 

6.9 Transducer analogue input and output port 

6.9.1 Transducer analogue input port 

The manufacturer shall declare (in the technical data) the rated values for the transducer 
analogue input port. The preferred rated values are in line with IEC 60688. 

6.9.2 Transducer analogue output port 

The manufacturer shall declare (in the technical data) the rated values for the transducer 
analogue output port. The preferred rated values are in line with IEC 60688. 

6.10 Input circuit for measurement quantities 

6.10.1 Analogue voltage port 

The input characteristic shall be defined by the manufacturer (in the technical data). 

For equipment operating via an analogue voltage input, i.e., a voltage transformer, the 
continuous and maximum voltage for equipment operation within its stated accuracy shall be 
declared by the manufacturer (in technical data). In addition, the 10 s short time withstand shall 
be determined and it shall be verified that the EUT is capable of operating (outside of the 
accuracy range). 

6.10.2 Analogue current port 

The input characteristic shall be defined by the manufacturer (in the technical data). 

For equipment operating via an analogue current input via a current transformer, the continuous 
and maximum current for equipment operation within its stated accuracy shall be declared by 
the manufacturer. The equipment shall be capable of operating the protection functions within 
its declared accuracy for an applied current of at least 20 times the rated current (thermal 
withstand limit not exceeded). The 20 times rated current is not applicable for undercurrent, 
sensitive current measurements or when specified as not applicable in the IEC 60255-1XX 
series. 

Full document details: IEC 60255-1-2022

http://www.avadocuments.com/doc/iec-60255-1-2022
http://www.avadocuments.com/doc/iec-60255-1-2022


 – 24 – IEC 60255-1:2022 © IEC 2022 

The equipment should be capable of operating the protection functions for an applied current 
of 100 times the rated current (not applicable for undercurrent, sensitive current measurements 
or when specified as not applicable in the IEC 60255-1XX series). For protection equipment 
and measuring relays which do not meet these requirements, the manufacturer shall declare 
the thermal limit withstand value. During the application of the thermal limit current the 
equipment shall be capable of detecting and clearing the fault current without damage to itself. 
The equipment shall operate correctly before and after the test with no degradation in 
performance. 

6.10.3 Communication port 

The input characteristic shall be defined by the manufacturer (in the technical data). 

For equipment designed to acquire digitized analogue samples, the communication protocols 
and the type of media used for communication with the equipment shall be stated by the 
manufacturer (in the technical data). The communication link can be either a proprietary 
protocol or one defined by an IEC or other industry standard. If IEC protocols are stated, the 
equipment shall comply with all requirements in the cited standards.  

6.11 Binary output performance (mechanical and static) 

The performance of the equipment contact outputs (mechanical and static) shall be specified 
according to IEC 61810-1. 

The manufacturer (in the technical data) shall state the following: 

• contact open circuit voltage; 

• limiting making capacity; 

• contact current, continuous and short duration; 

• limiting breaking capacity, DC resistive and inductive, AC resistive and inductive; 

• mechanical and electrical endurance (loaded and unloaded). 

Where the contacts of a tripping relay are intended to be connected to the tripping coils of 
switchgear and controlgear, their contact performance shall comply with the requirements of 
Table 2. 

6.12 Climatic performance 

6.12.1 General 

The characteristics of the equipment shall not vary by more than those detailed in the technical 
data for temperatures within the declared operating range. The effects of temperature on the 
component parts of the equipment that can result in a visual change (i.e. darkening of LCD 
displays) but not affect the operational accuracy of the equipment shall be declared. 

NOTE Annex A gives details on test settings. 

6.12.2 Verification procedure 

6.12.2.1 Functional verification procedure 

The verification procedure shall ensure that the equipment is in accordance with its specification 
and that it functions correctly during the initial measurement at the beginning of the test 
sequence and maintains its design characteristics throughout all the following individual tests 
where this has been specified. The initial and final tests shall consist of a visual inspection and 
a performance verification test.  
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In a test sequence where the final measurement of the previous test corresponds to the initial 
measurement of the succeeding individual test, it is not necessary to do these measurements 
twice, i.e. once is sufficient. 

NOTE Annex A gives details on test settings. 

6.12.2.2 Measurement of insulation resistance 

The measurement should be performed as a test before environmental and mechanical testing 
and shall be performed as a test after environmental and mechanical testing to ensure that the 
insulation has not been over-stressed and weakened by the applied tests, as stated in Table 4 
to Table 10 and 6.13. The test shall be applied as detailed in IEC 60255-27. 

6.12.2.3 Dielectric type test 

The dielectric withstand should be performed as a test before environmental and mechanical 
testing and shall be performed as a test after environmental and mechanical testing as indicated 
in Table 4 to Table 10 and 6.13 to ensure that the insulation has not been over-stressed and 
weakened by the applied tests. The test values shall be in accordance with IEC 60255-27. 

6.12.2.4 Protective bonding resistance type test 

The measurement shall be performed as a test following damp heat environmental testing 
(Table 9 and Table 10) to ensure that any corrosion has not caused the accessible conductive 
parts and terminations connected to the protective earth conductor for protection against any 
electric shock hazard to have an excessive resistance. The protective bonding resistance shall 
be checked according to the requirements of IEC 60255-27. 

6.12.3 Climatic environmental tests 

6.12.3.1 Dry heat test – Operational 

The dry heat operational test shall be performed to prove the resistance of the equipment to 
heat whilst operational and to determine any variation in performance due to temperature. See 
Table 4. 

Table 4 – Dry heat test – Operational 

Subject Test conditions 
Test reference Test Be of IEC 60068-2-2 

Preconditioning  According to reference conditions of Table 11 
Initial measurement According to 6.12.2 
EUT condition during test According to reference conditions of Table 11 
Operational temperature As per manufacturer’s maximum specified operating temperature, value should be 

chosen from IEC 60068-2-2. 
Maximum rate of change of temperature 1 K / min average over a 5 min period. 

Temperature accuracy See IEC 60068-2-2 
Humidity According to IEC 60068-2-2  
Duration of exposure 16 h minimum  
Power-up test After operation verification at maximum rated operating temperature the unit shall 

be powered down until internal temperature stabilizes. The unit shall then be 
powered up and verified to ensure correct power-up and operation at temperature. 

Recovery procedure: 
– time 
– climatic conditions 
– power supply 

See IEC 60068-2-2. 
1 h minimum. No test before at least one hour recovery. 
Standard reference conditions as stated in Table 11. 
Power supply switched on. 

Final measurement According to 6.12.2 
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6.12.3.2 Cold test – Operational 

The operational cold test shall be performed to prove the resistance of the equipment to cold 
whilst operational and to determine any variation in performance due to the temperature. See 
Table 5. 

Table 5 – Cold test – Operational 

Subject Test conditions 

Test reference Test Ae of IEC 60068-2-1 

Preconditioning  According to reference conditions of Table 11 

Initial measurement According to 6.12.2 

EUT condition during test According to reference conditions of Table 11 

Operational temperature As per manufacturer’s minimum specified operating temperature, value should be 
chosen from IEC 60068-2-1. 

Maximum rate of change of temperature 1 K/min average over a 5 min period. 

Temperature accuracy See IEC 60068-2-1 

Humidity Not applicable  

Duration of exposure 16 h minimum  

Power-up test After operation verification at minimum rated operating temperature the unit shall 
be powered down until internal temperature stabilises. The unit shall then be 
powered up and verified to ensure correct power-up and operation at temperature. 

Recovery procedure: 

– time 

– climatic conditions 

– power supply 

See IEC 60068-2-1. 

1 h minimum. No test before at least one hour recovery. 

Standard reference conditions as stated in Table 11. 

Power supply switched on. 

Final measurement According to 6.12.2 

 

6.12.3.3 Dry heat storage test at maximum storage temperature 

The dry heat storage test shall be performed to prove the resistance of the equipment to storage 
heat. See Table 6. 

Table 6 – Dry heat test, storage temperature 

Subject Test conditions 

Test reference Test Bb of IEC 60068-2-2 

Preconditioning According to the manufacturer’s specifications 

Initial measurement According to 6.12.2 

EUT condition during test Unenergized 

Storage temperature As per manufacturer’s maximum specified storage temperature, value should be 
chosen from IEC 60068-2-2. 

Maximum rate of change of temperature 1 K/min average over a 5 min period. 

Temperature accuracy See IEC 60068-2-2 

Humidity According to IEC 60068-2-2 

Duration of exposure 16 h minimum  

Recovery procedure: 

– time 

– climatic conditions 

– power supply 

See IEC 60068-2-2. 

1 h minimum. No test before at least one hour recovery. 

Standard reference conditions as stated in Table 11. 

Power supply switched off. 

Final measurement According to 6.12.2 

Full document details: IEC 60255-1-2022

http://www.avadocuments.com/doc/iec-60255-1-2022
http://www.avadocuments.com/doc/iec-60255-1-2022


IEC 60255-1:2022 © IEC 2022 – 27 –  

 

6.12.3.4 Cold storage test at minimum storage temperature 

The cold storage test shall be performed to prove the resistance of the equipment to cold 
storage. See Table 7. 

Table 7 – Cold test, storage temperature 

Subject Test conditions 

Test reference Test Ab of IEC 60068-2-1 

Preconditioning According to the manufacturer’s specifications 

Initial measurement According to 6.12.2 

EUT condition during test Unenergized 

Storage temperature As per manufacturer’s minimum specified storage temperature, value should be 
chosen from IEC 60068-2-1. 

Maximum rate of change of temperature 1 K/min average over a 5 minute period 

Temperature accuracy See IEC 60068-2-1 

Humidity Not applicable  

Duration of exposure 16 h minimum  

Recovery procedure: 

– time 

– climatic conditions 

– power supply 

See IEC 60068-2-1. 

1 h minimum. No test before at least one hour recovery. 

Standard reference conditions as stated in Table 11. 

Power supply switched off. 

Final measurement According to 6.12.2 

 

6.12.3.5 Change of temperature test 

The change of temperature test shall be performed to prove the resistance of the equipment to 
rapid changes in temperature. See Table 8. 

Table 8 – Change of temperature test 

Subject Test conditions 

Test reference Test Nb of IEC 60068-2-14 

Preconditioning Stabilized in test chamber at 25 °C ± 5 °C, for 1 h 

Initial measurement According to 6.12.2 

EUT condition during test According to reference conditions of Table 11 

Temperature Lower temperature as per manufacturer’s minimum specified operating 
temperature, value should be chosen from IEC 60068-2-1. 

Upper temperature as per manufacturer’s maximum specified operating 
temperature, value should be chosen from IEC 60068-2-2. 

Test cycle shall be in accordance with IEC 60068-2-14 test Nb, ramp rate 1 °C 
±0,2 °C/min, dwell at upper and lower temperatures 3 h. 

Duration of exposure 5 cycles 

Recovery procedure: 

– time 

– climatic conditions 

– power supply 

See IEC 60068-2-14. 

1 h minimum. No test before at least one hour recovery. 

Standard reference conditions as stated in Table 11. 

Power supply switched on. 

Final measurement According to 6.12.2 
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