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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR –  

 
Part 212: Compact Equipment Assembly  

for Distribution Substation (CEADS) for AC voltages up to 52 kV 
 

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 62271-212 has been prepared by subcommittee 17C: Assemblies, of IEC technical 
committee 17: High-voltage switchgear and controlgear. It is an International Standard. 

This second edition cancels and replaces the first edition published in 2016. This edition 
constitutes a technical revision.  

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

a) clause numbering aligned with IEC 62271-1:2017, 
b) rewording of title and scope of the document, 
c) implement changes on internal arc definition and testing following the evolution of 

prefabricated substation concept according to IEC 62271-202, 
d) general review of main test procedures such as temperature rise or dielectric test on 

interconnections, considering control equipment, communication, smart grid devices and 
integration of components, 
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e) general review of installation, operation, safety and maintenance requirements. 

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

Draft Report on voting 

17C/845/FDIS 17C/850/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/standardsdev/publications. 

This International Standard should be read in conjunction with IEC 62271-1:2017, to which it 
refers and which is applicable unless otherwise specified. In order to simplify the indication of 
corresponding requirements, the same numbering of clauses and subclauses is used as in 
IEC 62271-1:2017. Amendments to these clauses and subclauses are given under the same 
numbering, whilst additional subclauses, are numbered from 101. 

A list of all parts of the IEC 62271 series can be found, under the general title High-voltage 
switchgear and controlgear, 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. 

 

IMPORTANT – The "colour inside" logo on the cover page of this document 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 

Traditionally a high-voltage/low-voltage distribution substation has been constructed by 
installing the main electrical components –high-voltage switchgear and controlgear, power 
transformer and the corresponding low-voltage switchgear and controlgear- within a closed 
electrical operating area. It can be a room within a building intended for other usages (non 
electrical uses) or a separated housing (prefabricated or not) designed specifically to contain 
the electrical equipment of the substation or an open area limited by fences. 

Some years ago in the search for a more standardized and compact substation, the concept of 
prefabricated substation was developed. IEC 62271-202 covers this type of substation. 
According to this document, the main electrical components (high-voltage switchgear and 
controlgear, power transformer and low-voltage switchgear and controlgear) are fully in 
compliance with their respective product standard, and the whole substation, including 
interconnections and enclosure is designed and type tested and later manufactured and routine 
tested in the factory. Correspondingly the quality of the substation is assured by the 
manufacturer. 

Moreover, also other types of assemblies have been introduced in the market. These are 
assemblies comprising the main electrical active components of the substation and their 
interconnections, delivered as a single product. The product can therefore be type tested, 
manufactured, routine tested in the factory, transported and then installed in a closed electrical 
operating area. 

This type of factory assembled and type-tested product is covered by this document receiving 
the generic name CEADS from Compact Equipment Assembly for Distribution Substation. 
Numerous arrangements are possible and this document provides guidance on basic types of 
assemblies, which might be envisaged. 

A CEADS is not covered by IEC 61936-1. However, CEADS is intended to become part of a 
distribution substation. 

Taking into account the closer proximity of the main electrical components that even can share 
some parts (enclosure, solid or fluid insulation…), it is very relevant to take notice of the 
potential interaction between them. Therefore, to cover CEADS is neither sufficient nor always 
applicable to refer to the relevant product standards. This document covers any additional 
design and construction requirements and test methods applicable to the different types of 
CEADS. In addition to the specified characteristics, particular attention has been paid to the 
specification concerning the protection of persons, both operators and general public. 

The CEADS is also of interest to committee TC 14: Power transformers, and committee TC 121: 
Switchgear and controlgear and their assemblies for low voltage. 
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR –  
 

Part 212: Compact Equipment Assembly  
for Distribution Substation (CEADS) for AC voltages up to 52 kV 

 
 
 

1 Scope 

This part of IEC 62271 specifies the service conditions, rated characteristics, general structural 
requirements and test methods of the assemblies of the main electrical functional units of a 
high-voltage transformer substation, duly interconnected, for AC voltages up to and including 
52 kV on the high-voltage side and service frequency 50 Hz or 60 Hz. The CEADS is 
cable-connected to the high-voltage network for indoor and outdoor applications of restricted 
access. 

A CEADS as defined in this document is designed and tested to be a single product with a 
single serial number and one set of documentation. 

The functions of a CEADS are: 

– high-voltage/high-voltage or high-voltage/low-voltage transformation; 

and some or all the following: 

– switching and control for the operation of the high-voltage circuit(s); 
– switching and control for the operation of the low-voltage circuit(s); 
– protection of the power transformer functional unit. 

The main functions are integrated in the following functional units: 

– high-voltage functional unit; 
– power transformer functional unit; 
– low-voltage functional unit. 

NOTE For the purpose of this document a self-protected transformer is not considered as a CEADS, but as a 
functional unit, designed and type tested to its own product standard IEC 60076-13:2006. 

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 60050-441, International Electrotechnical Vocabulary (IEV) – Part 441: Switchgear, 
controlgear and fuses (available at www.electropedia.org) 

IEC 60050-461, International Electrotechnical Vocabulary (IEV) – Part 461: Electric cables 
(available at www.electropedia.org) 

IEC 60076 (all parts), Power transformers 

IEC 60076-1:2011, Power transformers – Part 1: General 
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IEC 60076-2:2011, Power transformers – Part 2: Temperature rise for liquid-immersed 
transformers 

IEC 60076-3:2013, Power transformers – Part 3: Insulation levels, dielectric tests and external 
clearances in air 
IEC 60076-3:2013/AMD1:2018 

IEC 60076-5:2006, Power transformers – Part 5: Ability to withstand short circuit 

IEC 60076-7:2018, Power transformers – Part 7: Loading guide for mineral-oil-immersed power 
transformers 

IEC 60076-10:2016, Power transformers – Part 10: Determination of sound levels 

IEC 60076-11:2018, Power transformers – Part 11: Dry-type transformers 

IEC 60076-12:2008, Power transformers – Part 12: Loading guide for dry-type power 
transformers  

IEC 60076-15:2015, Power transformers – Part 15: Gas-filled power transformers 

IEC 60243-1:2013, Electrical strength of insulating materials – Test methods – Part 1: Tests at 
power frequencies  

IEC 60364-4-41:2005, Low-voltage electrical installations – Part 4-41: Protection for safety – 
Protection against electric shock 
IEC 60364-4-41:2005/AMD1:2017 

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code) 
IEC 60529:1989/AMD1:1999 
IEC 60529:1989/AMD2:2013 

IEC 60721-1:1990, Classification of environmental conditions – Part 1: Environmental 
parameters and their severities 
IEC 60721-1:1990/AMD1:1992 
IEC 60721-1:1990/AMD2:1995 

IEC 60721-2-2:2012, Classification of environmental conditions – Part 2-2: Environmental 
conditions appearing in nature – Precipitation and wind 

IEC 60721-2-4:2018, Classification of environmental conditions – Part 2-4: Environmental 
conditions appearing in nature – Solar radiation and temperature 

IEC TS 60815 (all parts), Selection and dimensioning of high-voltage insulators intended for 
use in polluted conditions 

IEC 60947-1:2020, Low-voltage switchgear and controlgear – Part 1: General rules  

IEC 61439 (all parts) 1, Low-voltage switchgear and controlgear assemblies 

IEC 61439-1:2020, Low-voltage switchgear and controlgear assemblies – Part 1: General rules 

_____________ 
1  This series supersedes some parts of IEC 60439 series. 
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IEC 62271-1:2017, High-voltage switchgear and controlgear – Part 1: Common specifications 
for alternating current switchgear and controlgear 

IEC 62271-200:2021, High-voltage switchgear and controlgear – Part 200: AC metal-enclosed 
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV 

IEC 62271-201:2014, High-voltage switchgear and controlgear – Part 201: AC solid-insulation 
enclosed switchgear and controlgear for rated voltages above 1 kV and up to and including 
52 kV 

IEC 62271-202:2022, High-voltage switchgear and controlgear – Part 202: Prefabricated 
substation 

3 Terms and definitions  

For the purposes of this document, the terms and definitions given in IEC 60050-441, 
IEC 62271-202 and the following apply.  

NOTE Some standard terms and definitions are recalled here for ease of reference. 

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

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

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

3.1 General terms and definitions 

3.1.101  
closed electrical operating area  
room or location for operation of electrical installations and equipment to which access is 
intended to be restricted to skilled or instructed persons or to lay personnel under the 
supervision of skilled or instructed persons 

[SOURCE: IEC 61936-1:2021, 3.2.1, modified – In the definition, "power installations" replaced 
with "installations", and "ordinary persons" replaced with "personnel".] 

3.2 Assemblies of switchgear and controlgear 

3.2.101 
Compact Equipment Assembly for Distribution Substation  
CEADS 
factory assembled and type-tested equipment comprising functional units, described in 
Clause 1, duly interconnected 

Note 1 to entry: Three types of CEADS are considered: grouped, associated and integrated (see Annex C for 
details). 

3.2.101.1 
grouped type CEADS  
CEADS-G 
CEADS with functional units are standalone equipment fully complying with their respective 
product standards, where these functional units are placed close to each other in a specified 
layout 
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3.2.101.2 
associated type CEADS  
CEADS-A 
CEADS with functional units can deviate from existing product standard but not in any aspect 
that could affect negatively safety and/or operation and where these functional units can either 
be independent or share part of their frames or enclosures 

3.2.101.3 
integrated type CEADS  
CEADS-I 
CEADS where all or part of high-voltage functional units and the high-voltage/low-voltage 
transformation functional unit are contained in a single enclosure, sharing the insulating medium 

3.3 Parts of assemblies 

3.3.101 
functional unit 
assembly of devices and components performing a given main function of the CEADS 

Note 1 to entry: For the purpose of this document functional unit has a different meaning than the meaning in other 
standards. For example, in this document high-voltage functional unit (see 3.3.102) can comprise several functional 
units as per IEC 62271-200:2021. 

3.3.102 
high-voltage functional unit 
assembly of the switching devices and other components performing the function of switching 
and control for the operation of the high-voltage side of the CEADS 

Note 1 to entry: It can include switching and control of the high-voltage main circuit of the network and the protection 
of the high-voltage/low-voltage transformation function. 

3.3.103 
power transformer functional unit 
assembly of elements that perform the function of high-voltage/high-voltage or high-
voltage/low-voltage transformation of the CEADS 

3.3.104 
low-voltage functional unit 
assembly of the switching devices and other components performing the function of switching 
and control for the operation and protection of the low-voltage feeders of the CEADS 

3.3.105 
high-voltage interconnection 
electrical connection between the terminals of the high-voltage functional unit and the high-
voltage terminals of the power transformer functional unit 

3.3.106 
low-voltage interconnection 
electrical connection between the low-voltage terminals of the power transformer functional unit 
and the terminals of the low-voltage functional unit 
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3.4 Switching devices 

3.5 Parts of switchgear and controlgear 

3.6 Operational characteristics of switchgear and controlgear 

3.6.101 
internal arc classified CEADS  
IAC 
CEADS which meet prescribed criteria, demonstrated by type tests, for the protection of persons 
in the event of internal arc at the high-voltage side 

3.7 Characteristic quantities 

3.8 Index of definitions 
A-C 

associated type CEADS, CEADS-A 3.2.101.2 
closed electrical operating area 3.1.101 
Compact Equipment Assembly for Distribution Substation, CEADS 3.2.101 

D-P 
functional unit 3.3.101 
grouped type CEADS, CEADS-G 3.2.101.1 
high-voltage functional unit 3.3.102 
high-voltage interconnection 3.3.105 
integrated type CEADS, CEADS-I 3.2.101.3 
internal arc classified CEADS, IAC 3.6.101 
low-voltage functional unit 3.3.104 
low-voltage interconnection 3.3.106 
power transformer functional unit 3.3.103 

 

4 Normal and special service conditions 

4.1 Normal service conditions 

4.1.1 General 

Subclause 4.1 of IEC 62271-1:2017 is applicable with the following additions for CEADS. 
Following subclauses also refer to specific additions to other functional units according to their 
relevant standards. 

Wave shape and symmetry of supply voltage are in accordance with 4.2 of IEC 60076-1:2011. 

For indoor CEADS equipment shall also be suitable for conditions of relative humidity and 
condensation in accordance with Table 15 of IEC 61439-1:2020. 

NOTE 1 For air ambient below -25 °C, outdoor CEADS can be designed or used according to the relevant product 
standards, where applicable, or according to agreement between manufacturer and user. 

NOTE 2 For higher ambient temperatures inside a room, the user can specify to the manufacturer the specific 
operating conditions in order to check whether de-rating is applicable for any of the functional units. 
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When two or more functional units share a common surrounding medium and in some cases, 
even the same enclosure, the real operating service conditions, in particular temperature, of 
those functional units can differ largely from the normal service conditions (ambient air) due to 
the interaction between them. This should be considered, where relevant, during type test (see 
e.g., 7.101.2). 

4.1.2 Low-voltage switchgear and controlgear 

Subclause 4.1 of IEC 62271-1:2017 is not applicable to low-voltage functional unit. 

Subclause 7.1 of IEC 61439-1:2020 is applicable. 

4.1.3 Power transformer 

Subclause 4.1 of IEC 62271-1:2017 is not applicable to power transformer. 

Subclause 4.2 of IEC 60076-1:2011 is applicable for liquid-immersed power transformers and 
4.2 of IEC 60076-11:2018 for dry-type power transformers. 

4.2 Special service conditions 

4.2.1 General 

Subclause 4.2 of IEC 62271-1:2017 is applicable to CEADS with the following additions. 

Particular specifications for operation under abnormal conditions apart from those included in 
this subclause shall be subject to agreement between the manufacturer and user. 

Refer to the relevant standards for the different functional units. 

4.2.2 Altitude 

4.2.2.1 General 

Subclause 4.2.2 of IEC 62271-1:2017 is applicable for CEADS with the following additions. 

For installation of CEADS at altitude, the main components temperature rise limits should be 
evaluated considering the recommendations of IEC TR 60943:1998 and IEC 
TR 60943:1998/AMD2009 [1]2. 

4.2.2.2 Power transformer 

For installation at an altitude higher than 1 000 m, refer to 6.3 of IEC 60076-2:2011 or 10.3 of 
IEC 60076-11:2018. 

4.2.3 Exposure to pollution 

4.2.3.1 General 

Subclause 4.2.3 of IEC 62271-1:2017 is applicable for CEADS with the following additions. 

_____________ 
2  Numbers in square brackets refer to the Bibliography. 
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4.2.3.2 Low-voltage switchgear and controlgear 

There are several degrees of pollution defined for the installation conditions. Refer to 7.1.2 of 
IEC 61439-1:2020 for the purpose of evaluating clearances and creepage distances of the low-
voltage functional unit. 

4.2.3.3 Power transformer 

Refer to 5.5 of IEC 60076-1:2011, except for dry-type power transformers for which 4.2 f) and 
12.2 of IEC 60076-11:2018 should be referred to select appropriate environmental class. 

4.2.4 Temperature and humidity 

Subclause 4.2.4 of IEC 62271-1:2017 is applicable for CEADS with following addition. 

If the power transformer service conditions at the intended installation site do not fall within the 
limits of the normal cooling conditions, then the limits of temperature rise for the liquid-immersed 
power transformer shall be modified in accordance with 6.3 of IEC 60076-2:2011. 

4.2.5 Exposure to abnormal vibrations, shock or tilting 

Subclause 4.2.5 of IEC 62271-1:2017 is applicable. 

4.2.6 Wind speed 

Subclause 4.2.6 of IEC 62271-1:2017 is applicable. 

4.2.7 Other parameters 

Subclause 4.2.7 of IEC 62271-1:2017 is applicable. 

5 Ratings 

5.1 General 

Clause 5.1 of IEC 62271-1:2017 is applicable with the following modifications. 

The ratings of CEADS are the following: 

a) rated voltages (Ur, Un); 

b) rated insulation levels; 

c) rated frequency (fr); 

d) rated current for low-voltage assembly main circuits (InA); 

e) rated continuous current for high-voltage main circuits (Ir); 

f) rated short-time withstand currents (Ik, Ike, Icw) for main and earthing circuits; 

g) rated peak withstand currents (Ip, Ipe, Ipk) for main and earthing circuits; 

h) rated durations of short circuit (tk, tke, tcw) for main and earthing circuits; 

i) rated supply voltage of closing and opening devices and of auxiliary and control circuits; 
j) rated supply frequency of closing and opening devices and of auxiliary and control circuits; 
k) rated power and total losses of CEADS; 
l) ratings of the internal arc classification (IAC), if assigned by the manufacturer. 
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The ratings of CEADS shall be assigned to ensure that operation of the equipment within its 
assigned ratings do not expose any individual functional unit to conditions which are outside its 
rated capabilities. 

NOTE Functional units forming part of the CEADS can have other individual rated values in accordance with their 
relevant standards. 

5.2 Rated voltage 

Subclause 5.2 of IEC 62271-1:2017 is not applicable. 

Rated voltages of CEADS are defined by the rated voltages of its high-voltage functional unit 
(Ur), power transformer functional unit and low-voltage functional unit (Un). 

Refer to subclause 5.2 of IEC 62271-1:2017 for high-voltage functional unit. 

Refer to IEC 60947-1 and 5.2 of IEC 61439-1:2020 for low-voltage functional unit. 

Subclause 5.4.1 of IEC 60076-1:2011 is applicable for the power transformer functional unit. 

NOTE High-voltage and low-voltage functional units can have rated voltages higher than the power transformer 
functional unit rated voltages. 

5.3 Rated insulation level 

Subclause 5.3 of IEC 62271-1:2017 is not applicable. 

Rated insulation levels of CEADS are defined by the lowest rated insulation levels of any of its 
components, the high-voltage functional unit, the low-voltage functional unit or the power 
transformer. 

For the high-voltage functional unit refer to 5.3 of IEC 62271-1:2017. 

For the low-voltage functional unit refer to 5.2 of IEC 61439-1:2020 and 5.2 of 
IEC 60947-1:2020. 

For the rated insulation levels of the power transformer refer to 5.6 of IEC 60076-1:2011 about 
applicable insulation levels in relation with the highest voltage for the equipment (Um). 

The minimum rated impulse withstand voltage of the low-voltage functional unit shall be at least 
the value given for overvoltage category IV in Table G.1 of IEC 61439-1:2020. Depending on 
the network in different countries, it can be relevant to choose a higher insulation level. 

5.4 Rated frequency (fr) 

Subclause 5.4 of IEC 62271-1:2017 is not applicable. 

The standard values of the rated frequency for CEADS are 50 Hz and 60 Hz. 

5.5 Rated continuous current (Ir) 

Subclause 5.5 of IEC 62271-1:2017 is not applicable for CEADS. 

Rated currents of CEADS are defined by the rated continuous current of its high-voltage 
functional unit (Ir) and the rated current of its low-voltage functional unit (InA). 

Subclause 5.5 of IEC 62271-1:2017 is applicable for the high-voltage functional unit. 
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Subclause 5.3.1 of IEC 61439-1:2020 is applicable for the low-voltage functional unit. 

NOTE The high-voltage functional unit and the low-voltage functional unit have rated current values which are equal 
or higher than operating current values. 

5.6 Rated short-time withstand current (Ik) 

Subclause 5.6 of IEC 62271-1:2017 is not applicable. 

5.6.101 Rated short-time phase-to-phase and rated short-time phase-to-earth withstand 
currents of high-voltage functional unit and rated short-time withstand current 
of high-voltage interconnection (Ik, Ike) 

For the rated short-time withstand currents Ik and/or Ike of high-voltage functional unit, high-
voltage interconnection and earthing circuit, 5.6 of IEC 62271-1:2017 is applicable with the 
following additions: 

Rated short-time withstand current (Ik) shall be assigned to high-voltage functional unit and 
also to high-voltage interconnection. 

NOTE 1 In principle, the rated short-time withstand current of a main circuit cannot exceed the corresponding rated 
values of the weakest of its series connected components. However, for each circuit or high-voltage compartment, 
advantage can be taken of apparatus limiting the short-circuit current, such as current-limiting fuses, reactors, etc. 

A rated short-time withstand phase-to-earth current (Ike) shall be assigned to the earthing circuit 
of high-voltage functional unit and high-voltage interconnection. This value can differ from that 
of the main circuit. 

NOTE 2 The short-circuit current ratings applicable to the earthing circuit depend upon the type of system neutral 
earthing for which it is intended. Refer to Table 3 of IEC 62271-202:2022. 

5.6.102 Rated short-time withstand currents of low-voltage functional unit and low-
voltage interconnection (Icw) 

Refer to 5.3.5 of IEC 61439-1:2020. 

5.6.103 Short-time withstand currents of power transformer functional unit 

Refer to Clause 3 of IEC 60076-5:2006. 

5.7 Rated peak withstand current (Ip) 

Subclause 5.7 of IEC 62271-1:2017 is not applicable. 

5.7.101 Rated peak phase-to-phase and rated peak phase-to-earth withstand currents 
of high-voltage functional unit and rated peak withstand current of high-voltage 
interconnection (Ip, Ipe) 

For the rated peak withstand currents Ip and/or Ipe of high-voltage functional unit, high-voltage 
interconnection and earthing circuit 5.7 of IEC 62271-1:2017 is applicable with the following 
additions: 

Rated peak withstand current (Ip) shall be assigned to high-voltage functional unit and also to 
high-voltage interconnection. 

NOTE In principle, the rated peak withstand current of a main circuit cannot exceed the corresponding rated values 
of the weakest of its series connected components. However, for each circuit or high-voltage compartment, 
advantage can be taken of apparatus limiting the short-circuit current, such as current-limiting fuses, reactors, etc. 
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A rated peak withstand phase-to-earth current (Ipe) shall be assigned to the earthing circuit of 
high-voltage functional unit and high-voltage interconnection. This value can differ from that of 
the main circuit. 

5.7.102 Rated peak withstand currents of low-voltage and low-voltage interconnection 
(Ipk) 

Refer to 5.3.4 of IEC 61439-1:2020. 

5.7.103 Peak withstand currents of power transformer functional unit 

Refer to Clause 3 of IEC 60076-5:2006. 

5.8 Rated duration of short circuit (tk) 

Subclause 5.8 of IEC 62271-1:2017 is not applicable. 

5.8.101 Rated duration of phase-to-phase short circuit (tk) and rated duration of phase-
to-earth short circuit (tke) of high-voltage functional unit and rated duration of 
short-circuit of high-voltage interconnection 

For the rated durations of short circuit tk and tke for high-voltage functional unit, high-voltage 
interconnection and earthing circuit, subclause 5.8 of IEC 62271-1:2017 is applicable with the 
following additions: 

A rated duration of short circuit (tk) shall be assigned to high-voltage functional unit and to high-
voltage interconnection. 

NOTE In principle, the rated duration of short circuit for a main circuit cannot exceed the corresponding rated value 
of the weakest of its series connected components. However, for each circuit or high-voltage compartment, 
advantage can be taken of apparatus limiting the duration of the short-circuit current, such as current-limiting fuses. 

A rated duration of phase-to-earth short circuit (tke) shall also be assigned to the earthing circuit 
of high-voltage functional unit and high-voltage interconnection. This value can differ from that 
of the main circuit. 

5.8.102 Rated duration of short circuit (tcw) for low-voltage functional unit and 
low-voltage interconnection  

Refer to 5.3.4 of IEC 61439-1:2020 for low-voltage functional unit and assign a rated duration 
of short-circuit (tcw) to the low-voltage interconnection. 

5.8.103 Duration of short circuit for power transformer functional unit 

Refer to 4.1.3 of IEC 60076-5:2006. 

5.9 Rated supply voltage of auxiliary and control circuits (Ua) 

Subclause 5.9 of IEC 62271-1:2017 is applicable for CEADS. 

5.10 Rated supply frequency of auxiliary and control circuits 

Subclause 5.10 of IEC 62271-1:2017 is applicable for CEADS. 

5.11 Rated pressure of compressed gas supply for controlled pressure systems 

Subclause 5.11 of IEC 62271-1:2017 is not applicable to CEADS. 
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5.101 Rated power and total losses of CEADS 

The rated power of CEADS is the rated power of the power transformer functional unit at rated 
voltage as defined in IEC 60076-1:2011 for liquid-filled power transformer functional units or 
IEC 60076-11:2018 for dry-type power transformer functional units. 

The total losses of CEADS is the sum of the losses of the high-voltage functional unit and 
high-voltage interconnection at its rated continuous current, the total losses (identifying load 
and no load losses) of the power transformer functional unit at its rated voltage in accordance 
with IEC 60076-1:2011 for liquid-filled power transformer functional units or IEC 60076-11:2018 
for dry-type power transformer functional units, and the losses of the low-voltage functional unit 
and low-voltage interconnection at the current determined by the power transformer functional 
unit rated power. 

5.102 Ratings of the internal arc classification (IAC) 

5.102.1 General 

If an IAC classification is assigned by the manufacturer, several ratings shall be specified. 
These ratings are subdivided into type of accessibility, arc fault currents and arc fault durations. 

5.102.2 Types of accessibility (A, B, AB) 

Three types of accessibility in case of an internal arc are considered: 

Accessibility type A: for CEADS providing protection to the operators standing during normal 
operations in the high-voltage operating side (or sides) of the CEADS. 

NOTE In principle, operating at the high-voltage side and at the low-voltage operating side at the same time can be 
considered an unsafe procedure. 

Accessibility type B: for CEADS providing protection to the general public in the vicinity of the 
equipment on all its sides at any time. 

Accessibility type AB: for CEADS providing protection to both operators and the general public. 

To qualify for this classification, these CEADS shall comply with the requirements for type A 
and type B with the same value of the test current in kA and duration in second(s). 

5.102.3 Classified sides 

For identification purposes of the different classified sides of the CEADS the following code 
shall be used: 

• F for front side (defined by high-voltage operating side); 

• L for lateral side; 

• R for rear side. 

The high-voltage operating side(s) shall be clearly stated by the manufacturer before the test 
and identified in the test report. 

5.102.4 Rated arc fault currents (IA, IAe) 

The standard value of rated arc fault currents should be selected from the IEC 60059:1999 and 
IEC 60059:1999/AMD1:2009 [2] standard current ratings. 
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Two ratings of the arc fault currents are recognised: 

a) three-phase arc fault current (IA), 

b) single phase-to-earth arc fault current (IAe), when applicable. 

When only a three-phase rating is specified, the single-phase rating is by default 87 % of the 
three-phase rating, and shall not be specified. 

NOTE 1 The manufacturer specifies the compartments of the high-voltage functional unit to which the single phase-
to-earth arc fault current rating applies. Such value is assigned to functional unit where its construction can prevent 
the arc from becoming multiphase, as demonstrated during the internal arc test. 

NOTE 2 Rationale for this 87 % is the arc fault test with 2-phase ignition; refer to 9.104.5 of IEC 62271-202:2022. 

In the case where all high-voltage compartments are only designed for single phase-to-earth 
arc faults, only single phase-to-earth arc fault current (IAe) shall be assigned. 

NOTE 3 Information about the relationship between type of neutral earthing and the single phase-to-earth arc fault 
current is provided in 9.104.5 and Table 3 of IEC 62271-202:2022. 

5.102.5 Rated arc fault duration (tA, tAe) 

Standard recommended values for the three-phase arc fault duration (tA) are 0,1 s, 0,5 s and 
1 s. 

If applicable, the test duration (tAe) of the single phase-to-earth arc fault shall be stated by the 
manufacturer. 

NOTE It is in general not possible to calculate the permissible arc duration for a current which differs from that used 
in the test. 

6 Design and construction 

Clause 6 of IEC 62271-1:2017 is not applicable to CEADS. 

CEADS shall be designed so that normal service, inspection and maintenance can be carried 
out safely. As CEADS are intended for installation within closed electrical operating areas, in 
principle general public is not allowed to approach the equipment. However, when a CEADS is 
installed in a factory, the employees not in charge of its operation can be occasionally in the 
proximity of the CEADS. As they are not aware of the electrical features of the equipment they 
are considered as general public in the sense of this document. 

NOTE If some parts of enclosures of a CEADS are intended to become part of the enclosure of a substation, the 
relevant requirements of IEC 62271-202 or IEC 61936-1, as applicable, are met. 

The design of CEADS shall take into account the possible interactions (e.g., electrical, 
mechanical and thermal) in the performance of different functional units and the components 
used to interconnect these. 
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The complete assembly of a CEADS and the individual functional units forming part of it shall 
comply with the requirements of this document. For the individual functional units, reference is 
made to the following respective standards: 

• High-voltage functional unit IEC 62271-200:2021 for metal-enclosed 
switchgear and controlgear or 
IEC 62271-201:2014 for solid-insulation 
enclosed switchgear and controlgear; 

• Power transformer functional unit IEC 60076 (all parts); 
• Low-voltage functional unit IEC 61439 (all parts) and IEC 60947-1. 

 

The individual functional units of a CEADS-G shall comply with the requirements of their 
respective product standard listed above. 

Concerning CEADS-A and CEADS-I, the individual functional units can deviate in some aspects 
from those products standards. Due to that, specific testing procedures for individual functional 
units, where direct application of above-mentioned product standards is not possible, are 
described in this document. 

6.1 Requirements for liquids in switchgear and controlgear 

Subclause 6.1 of IEC 62271-1:2017 is applicable. 

6.2 Requirements for gases in switchgear and controlgear 

Subclause 6.2 of IEC 62271-1:2017 is applicable. 

NOTE For the handling of SF6 refer to IEC 62271-4 [3]. 

6.3 Earthing of switchgear and controlgear 

Subclause 6.3 of IEC 62271-1:2017 is applicable with the following additions: 

A main earthing circuit system shall be provided to connect to the earth all metallic parts of the 
CEADS not belonging to the main and/or secondary/auxiliary circuits of the equipment. It 
consists of a main earthing conductor to which each component is connected through a single 
circuit. 

If the CEADS has a metallic frame, then it can serve as, or form part of, the main earthing 
circuit. In such a case, the fastening system, if any, used to join parts of the frame shall 
demonstrate its ability to carry the phase-to-earth rated current. The main earthing circuit 
system shall be designed to withstand the rated short-time and peak withstand current under 
the neutral earthing condition of the system. 

The cross-section of any earthing conductor shall be not less than 30 mm². It shall be terminated 
by an adequate terminal intended for connection to the earth system of the installation. If any 
conductor or conducting part of the earthing circuit is not made of copper, equivalent conductive 
and mechanical requirements shall be met. 

The continuity of the earthing circuit shall be ensured and corresponding measures preventing 
corrosion, loosening of bolts etc. shall be taken. The earthing circuit system shall take into 
account the thermal and mechanical stresses caused by the current. 

NOTE The user can establish procedures to check the integrity of all parts of the earthing circuit (internal and 
external) either periodically or after a short-circuit current. 
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Components to be connected to the main earthing circuit shall include: 

– the enclosure, if metallic, of the high-voltage functional units from the terminal provided for 
that purpose; 

– the tank of liquid-immersed power transformer functional unit or the metallic non active parts 
of dry-type power transformer functional unit; 

– the frame and/or enclosure, if metallic, of the low-voltage functional unit; 
– the earthing connection of automatic controls and remote-control devices; 
– the metal shields and the earthing conductors of the high-voltage cables; 
– the metallic frame of the CEADS, if any; 
– earthing switches, if any. 

6.4 Auxiliary and control equipment and circuits 

Subclause 6.4 of IEC 62271-1:2017 is applicable with the following additions. 

For the low-voltage installation embedded in the CEADS (for example, illumination, auxiliary 
supply, etc.), refer to IEC 60364-4-41:2005 for low-voltage electrical installations or 
IEC 61439-1:2020 for low-voltage switchgear and controlgear assemblies, as appropriate. 

6.5 Dependent power operation 

Subclause 6.5 of IEC 62271-1:2017 is only applicable for high-voltage functional unit. 

6.6 Stored energy operation 

Subclause 6.6 of IEC 62271-1:2017 is only applicable for high-voltage functional unit. 

6.7 Independent unlatched operation (independent manual or power operation) 

Subclause 6.7 of IEC 62271-1:2017 is only applicable for high-voltage functional unit. 

6.8 Manually operated actuators 

Subclause 6.8 of IEC 62271-1:2017 is only applicable for high-voltage functional unit. 

6.9 Operation of releases 

Subclause 6.9 of IEC 62271-1:2017 is only applicable for high-voltage functional unit. 

6.10 Pressure/level indication 

Subclause 6.10 of IEC 62271-1:2017 is applicable. 

6.11 Nameplates 

Subclause 6.11 of IEC 62271-1:2017 is not applicable, and it is replaced as follows: 

Each CEADS shall be provided with a durable, clearly legible nameplate, visible in operating 
condition, which shall contain at least the following information: 

– manufacturer’s name or trade mark; 
– type designation; 
– serial number; 
– number of this document; 
– year of manufacture; 
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– ratings of CEADS listed in Clause 5; 
– internal arc classification designation, where applicable; 
– instruction book reference. 

The ratings of the functional units shall be listed on separate nameplates, clearly visible, or on 
the CEADS nameplate. Where functional units are independent, they shall be provided with 
separate nameplates as in their respective product standards. 

Each nameplate shall have a unique serial number. 

6.12 Locking devices 

Subclause 6.12 of IEC 62271-1:2017 is not applicable and it is replaced as follows: 

Interlocking can be necessary to ensure the correct sequence of operation of equipment, to 
minimise the risk to personnel and damage to the equipment. Interlocking can be achieved by 
electrical or mechanical methods. If non-mechanical interlocks are provided, the design shall 
be such that no improper situations can occur in case of lack of auxiliary power supply. 

6.13 Position indication 

Subclause 6.13 of IEC 62271-1:2017 is not applicable to CEADS. 

Subclause 6.13 of IEC 62271-1:2017 for high-voltage functional unit and 8.1.6 of 
IEC 60947-1:2020 for low-voltage functional unit are applicable. 

6.14 Degrees of protection provided by enclosures 

6.14.1 General 

Subclause 6.14 of IEC 62271-1:2017 is not applicable to CEADS. 

6.14.2 Protection of persons against access to hazardous parts and protection of the 
equipment against ingress of solid foreign objects (IP coding) 

Degrees of protection in accordance with IEC 60529 shall be as specified below. 

The enclosures of high-voltage and low-voltage functional units shall provide at least the degree 
of protection IP2X for indoor application. 

If non insulated conductors and/or bushings in low-voltage interconnections or non-screened 
conductors and/or bushings in high-voltage interconnections are used, suitable means to 
prevent direct contact with live parts shall be provided either by the manufacturer as part of the 
CEADS itself or alternatively by the user incorporating adequate protection in the installation 
site. In the first case, the minimum degree of protection should be IP1X. In the second case, 
the manufacturer shall include in the instruction manual clear information about the need to 
provide additional protection. 

NOTE Additional safety measures for the protection of persons against approach to hazardous parts are described 
in Clause 8 of IEC 61936-1:2021 [4]. 

When dry-type power transformer functional unit is used, a protection means around the power 
transformer functional unit shall be provided with at least a degree of protection IP2X. 

6.14.3 Protection against ingress of water (IP coding) 

For outdoor application of CEADS the minimum degree of protection shall be IP23. 
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6.14.4 Protection against mechanical impact under normal service conditions (IK 
coding) 

The enclosures shall have sufficient mechanical strength to withstand external mechanical 
impacts with energy of 2 J, corresponding to a degree of protection IK07 [5] for indoor 
application and 20 J corresponding to IK10 for outdoor application. 

NOTE CEADS for indoor application is always installed within a closed electrical operating area. In case it is 
installed within a fence into an industrial facility, the user can consider increasing mechanical requirements of the 
fence to protect the integrity of the CEADS. 

6.15 Creepage distances for outdoor insulators 

Subclause 6.15 of IEC 62271-1:2017 is only applicable for high-voltage outdoor insulators (if 
any) of the high-voltage functional unit and of the high-voltage side of the power transformer 
functional unit. 

6.16 Gas and vacuum tightness 

Subclause 6.16 of IEC 62271-1:2017 is only applicable for the high-voltage functional unit of 
the CEADS. 

Subclause 5.11 of IEC 60076-15:2015 is applicable for the power transformer functional unit if 
of gas-filled type. 

6.17 Tightness for liquid systems 

Subclause 6.17 of IEC 62271-1:2017 is only applicable for high-voltage functional unit. 

For power transformer functional unit relevant clauses of IEC 60076 (all parts) are applicable. 

6.18 Fire hazard (flammability) 

Subclause 6.18 of IEC 62271-1:2017 is applicable for CEADS. 

6.19 Electromagnetic compatibility (EMC) 

Subclause 6.19 of IEC 62271-1:2017 is not applicable. 

Subclauses 6.19 of IEC 62271-1:2017 for high-voltage functional unit and 9.4 and Annex J of 
IEC 61439-1:2020 for low-voltage functional unit are respectively applicable to the high-voltage 
and low-voltage functional units of the CEADS. 

6.20 X-ray emission 

Subclause 6.20 of IEC 62271-1:2017 is only applicable for the high-voltage functional unit. 

6.21 Corrosion 

Subclause 6.21 of IEC 62271-1:2017 is applicable for CEADS. 

6.22 Filling levels for insulation, switching and/or operation 

Subclause 6.22 of IEC 62271-1:2017 is only applicable for high-voltage functional unit. 
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6.101 Protection against mechanical stresses 

The enclosures shall have sufficient mechanical strength to withstand the following loads and 
impacts: 

a) for CEADS intended for outdoor installation, snow loads according to the local climatic 
conditions; 

b) for CEADS intended for outdoor installation, the mechanical effects of wind pressure 
according to 4.1.3 of IEC 62271-1:2017. It can be verified by calculation. 

Any other mechanical stresses that can be expected to occur in service, depending on the 
intended application, can be verified by calculation. 

NOTE 1 Seismic stresses according to IEC TS 62271-210:2013 [6] can also be considered within this subclause. 

The complete assembly lifting lugs shall be designed for the total weight of the CEADS. 
Although each component had been tested for inherent physical stability, when various 
components are attached together in a CEADS, instability can result. The design shall ensure 
stability during delivery, installation and operation. 

NOTE 2 The lifting lugs designed to lift the complete assembly can be painted yellow for easy identification. 

6.102 Protection of the environment due to internal defects 

In the event that internal defects can lead to the escape of hazardous liquids from the equipment 
(for example: liquid from a power transformer functional unit or a high-voltage functional unit), 
provision shall be made to retain the hazardous liquids in order to prevent the soil being 
polluted. 

The capacity of the retention tank shall be at least equal to the biggest hazardous liquid 
containing part (for example, power transformer functional unit, high-voltage functional unit, 
etc.), unless applicable national regulations have different requirements. The retention tank can 
be part of CEADS or provided in the installation site where the CEADS shall be installed. 

Additional measures can be taken by agreement between manufacturer and user. 

6.103 Internal arc fault 

A CEADS that satisfies the requirements of this document is designed, in principle, to prevent 
the occurrence of internal arc faults in the high-voltage side. 

To achieve this objective, the manufacturer of the CEADS shall ensure the correct manufacture, 
verifying it by carrying out routine tests according to Clause 8. In turn, the user shall make a 
proper selection, according to the characteristics of the network, operating procedures and 
service conditions (refer to Clause 9). 

There should be little probability that an internal arc occurs during the entire service life, 
provided that the CEADS is installed, operated and maintained following the instructions 
provided by the manufacturer and the cables are correctly installed; however, the possibility of 
an internal arc cannot be completely disregarded. 

Failures can occur in any part of the CEADS. However, as no internal arc testing procedure for 
low-voltage functional unit and power transformer functional unit is described in their respective 
relevant standards, only faults occurring within the enclosure of the high-voltage functional units 
and in the high-voltage interconnection are taken into consideration in this document 
(see 7.101). 

NOTE If user and manufacturer agree on an internal arc test of the low-voltage part of the CEADS, IEC 
TR 61641:2014 [7] gives guidance for an internal arc test in enclosed low-voltage switchgear and controlgear 
assemblies. 
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Failure either due to a defect, an exceptional service condition or mal-operation on the 
high-voltage side can initiate an internal arc within the high-voltage functional unit and/or in the 
high-voltage interconnection, which constitutes a hazard if persons are present. 

6.104 Enclosures 

The enclosures of the functional units shall comply with the relevant requirements of their 
respective product standards. In the case that an enclosure is shared by several functional 
units, it shall comply with the requirements of the products standards of those functional units 
(example: the tank of the power transformer functional unit of a CEADS-I shall comply with the 
requirements of IEC 60076 (all parts), if applicable, and IEC 62271-200:2021). 

6.105 Sound emission 

The power transformer functional unit is the main source of sound. On the other hand, there is 
no requirement in high-voltage and low-voltage functional units’ relevant standards on this 
matter and the direct contribution of the high-voltage and low-voltage functional units to the 
sound level of the CEADS is considered, in principle, negligible. However, the determination of 
CEADS sound level shall be made according to Annex B, on the complete CEADS to take into 
account any possible interaction. 

6.106 Electromagnetic fields 

CEADS in service generate electromagnetic fields that may need assessment to: 

• assist with planning, installation, operating instruction and service; 

• take measures to meet requirements or regulations on electromagnetic fields. 

If an evaluation of electromagnetic fields generated by a CEADS is required, the methodology 
described in IEC TR 62271-208:2009 should be followed. 

6.107 Solar radiation 

In the case of outdoor installation of CEADS, its performance during service conditions can be 
substantially affected due to solar radiation. In addition to the losses from the components, 
solar radiation could be a significant external source of heat that can affect the performance. 
Every outer part of the CEADS exposed to solar radiation produces an additional heat transfer 
that can lead to a de-rating of a functional unit due to exceeding the maximum temperature rise 
established by its specific product standard. As an example, the heat radiation on the high-
voltage functional unit enclosure can require its de-rating and/or reduce the current carrying 
capacity. In some cases, it could lead to the premature malfunction or failure of temperature-
sensitive electronic devices. 

Annex G of IEC 62271-202:2022 provides guidance on how to assess the effect of solar 
radiation. 

Additional measures, for example double roofing, lighter enclosure colours, double walls, 
alternative enclosure materials, etc. can be used in order to reduce the effect of solar radiation 
on the CEADS. Such additional measures are subject to an agreement between the 
manufacturer and user. 

IEC 60721-2-4:2018 can be used to help select the appropriate level of solar radiation. 
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7 Type tests 

7.1 General 

7.1.1 Basics 

Subclause 7.1.1 of IEC 62271-1:2017 is applicable with the following additions. 

In principle, the type tests shall be made on a representative configuration of the CEADS. The 
functional units and the interconnections contained in a CEADS shall be tested according to 
their relevant product standard. 

Type tests shall be made on the complete CEADS, unless otherwise specified in this document. 

Due to the design of the equipment it can be practical to test more than one function at the 
same time. In that case it is not required to repeat those tests in which the test conditions 
applied are the same specified in their respective standards. 

The aim of the type tests on a CEADS is to demonstrate the characteristics of the CEADS as a 
complete unit. The required tests on the complete CEADS, in addition to those required for the 
individual functional units, are listed below: 

Mandatory type tests: Subclause 
a) Tests to verify the insulation level of the CEADS 7.2 
b) Measurement of the resistance of the main circuit of the high-voltage 

functional unit 7.4 
c) Test to prove the temperature rise of any part of the equipment 7.101 
d) Tests to prove the capability of the main and earthing circuits to be 

subjected to the rated peak and the rated short-time withstand 
currents 7.6 

e) Tests to verify the degree of protection and resistance to mechanical 
impact 7.7 

f) Additional tests on auxiliary and control circuits 7.10 
g) Verification of making and breaking capacities of the high-voltage 

functional unit 7.103 
h) Mechanical operation tests 7.104 
Mandatory type tests, where applicable: 
i) Tightness tests 7.8 
j) EMC compatibility tests 7.9 
k) For CEADS intended to be classified IAC, tests to assess the effects 

of arcing due to an internal arc fault 7.102 
l) Pressure withstand tests for gas-filled compartments 7.106 
m) Measurements of leakage current of non-metallic enclosures 7.107 
n) Tightness and mechanical strength for liquid-filled compartments 7.109 
Special type tests (subject to agreement between manufacturer and user): 
o) Tests to verify the sound level of CEADS Annex B 
p) Mechanical stability test 7.105 
q) Partial discharge test 7.2.10 
r) Weatherproofing tests 7.108 
s) Measurement or calculation of electromagnetic fields 7.110 
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Type tests can impair the suitability of the tested parts for subsequent use in service. Therefore, 
test objects used for type test shall not be used in service without agreement between 
manufacturer and user. 

7.1.2 Information for identification of test objects 

Subclause 7.1.2 of IEC 62271-1:2017 is applicable. 

7.1.3 Information to be included in type-test reports 

Subclause 7.1.3 of IEC 62271-1:2017 is applicable with the following addition to the list: 

• the identification, including serial numbers as appropriate, of all functional units of the 
CEADS, together with the identification of the CEADS itself; 

• details of the mechanical and electrical interconnections of the functional units as part of 
the CEADS; 

• drawings and photographs to demonstrate that physical arrangement of the equipment 
during testing. 

Internal arc type test report shall give the information detailed in 7.102.6. 

7.2 Dielectric tests 

7.2.1 General 

Subclause 7.2 of IEC 62271-1:2017 is applicable with the following additions. 

When performing dielectric tests, the following criteria are applicable in order to limit the number 
of required tests: 

a) in the case that each of the main components of the CEADS (high-voltage functional unit, 
power transformer functional unit and low-voltage functional unit) have been all previously 
individually type-tested under the same conditions as in the CEADS, there is no need to 
conduct dielectric tests; 

b) the dielectric tests are not required on the high-voltage interconnection when it is made of 
high-voltage type-tested earth-shielded cables connected by type-tested earth-shielded 
connectors or by other types of terminations which have been type-tested on both the 
high-voltage switchgear and controlgear and the power transformer sides in the installation 
conditions of the prefabricated substation; 

c) in case the main components (high-voltage functional unit, power transformer functional 
unit, low-voltage functional unit) are type tested according to their product standards, but 
the interconnections are not previously type tested, the tests as stated in 7.2.2 and 7.2.3 
shall be carried out; 

d) in all other cases, dielectric tests as stated in 7.2.2, 7.2.3, 7.2.4, 7.2.5 and 7.2.6 shall be 
carried out. 

7.2.2 Ambient air conditions during tests 

Subclause 7.2.2 of IEC 62271-1:2017 is applicable. 

7.2.3 Wet test procedure 

In case a wet test is required for outdoor CEADS then 7.2.3 of IEC 62271-1:2017 is applicable. 

7.2.4 Arrangement of the equipment 

Subclause 7.2.4 of IEC 62271-1:2017 is not applicable. Refer instead to 7.2.101. 
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7.2.5 Criteria to pass the test 

Subclause 7.2.5 of IEC 62271-1:2017 is applicable for the high-voltage tested components. 

7.2.6 Application of the test voltage and test conditions 

Subclause 7.2.6 of IEC 62271-1:2017 is not applicable. Refer instead to 7.2.101.2. 

7.2.7 Tests of switchgear and controlgear of Ur ≤ 245 kV 

Subclause 7.2.7 of IEC 62271-1:2017 is applicable for the high-voltage functional unit. 

7.2.8 Tests of switchgear and controlgear of Ur > 245 kV 

Subclause 7.2.8 of IEC 62271-1:2017 is not applicable. 

7.2.9 Artificial pollution tests for outdoor insulators 

Subclause 7.2.9 of IEC 62271-1:2017 is only applicable for high-voltage outdoor insulators (if 
any) of the high-voltage functional unit and of the high-voltage side of the power transformer 
functional unit. 

7.2.10 Partial discharge tests 

Subclause 7.2.10 of IEC 62271-1:2017 is not applicable to CEADS. 

Partial discharge test can be specified by some of the main components relevant product 
standards. 

By agreement between the manufacturer and the user a test to evaluate the insulation of the 
high-voltage functional unit can be carried out following 7.2.10 of IEC 62271-200:2021 for 
metal-enclosed switchgear and controlgear or 6.2.9 of IEC 62271-201:2014 for solid-insulation 
enclosed switchgear and controlgear, depending on the type of insulation. 

7.2.11 Dielectric tests on auxiliary and control circuits 

Subclause 7.2.11 of IEC 62271-1:2017 is applicable. 

7.2.12 Voltage test as condition check 

Subclause 7.2.12 of IEC 62271-1:2017 is not applicable for CEADS. 

7.2.101 Dielectric tests on the high-voltage interconnection 

7.2.101.1 General conditions 

The tests can be carried out with the power transformer replaced by a replica reproducing the 
field configuration of the transformer bushings. 

For the tests, the high-voltage connection is connected to the test supply through the high-
voltage functional unit. Only the switching devices that are in series in the supply circuit are 
closed. All other switching devices are open. 

Voltage limiting devices shall be disconnected during dielectric tests. 

Secondary terminals of current transformers shall be short-circuited and connected to earth. 
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Instrument transformers, power transformers or fuses can be replaced by replicas reproducing 
the field configuration of the high-voltage connections. 

7.2.101.2 Application of test voltage 

7.2.101.2.1 General 

The test voltages shall be applied connecting each phase conductor of the main circuit in turn 
to the high-voltage terminal of the test supply. All other conductors of the main circuit, the 
auxiliary circuits and all other metallic parts shall be connected to the earthing conductor of the 
frame, and to the earth terminal of the test supply. 

Where no-earth-shielded high-voltage connections are used, the non-conductive material shall 
likewise withstand the test voltages specified in 7.2.101.4. The methods specified in 
IEC 60243-1:2013 shall be applied to test if the non-conductive material meets the relevant 
requirements. 

7.2.101.2.2 Test voltage 

Refer to 7.2.6 of IEC 62271-1:2017. 

7.2.101.3 Lightning impulse voltage tests 

The high-voltage interconnection shall be subjected to lightning impulse voltage tests according 
to 7.2.7.3 of IEC 62271-1:2017 with the following addition: 

During the lightning impulse-voltage tests, the grounded terminal of the impulse generator shall 
be connected to the main earthing conductor system of the CEADS. Overvoltage suppressing 
means shall be disconnected. 

7.2.101.4 Power-frequency voltage withstand tests 

The high-voltage interconnection shall be subjected to 1 min power-frequency voltage withstand 
tests in dry conditions in accordance with 7.2.7.2 of IEC 62271-1:2017 with the following 
addition. 

During the power-frequency voltage test, one terminal of the test transformer shall be connected 
to earth and to the main earthing conductor system of the CEADS. 

7.2.101.5 High-voltage interconnection covered by non-metallic enclosure 

When the interconnection is totally or partially covered by a non-metallic enclosure accessible 
during normal operation, the enclosure shall meet the following requirements. 

a) The insulation between live parts of the main circuit and the accessible surface of insulating 
enclosure shall withstand the test voltages specified in 5.3 of IEC 62271-1:2017 for voltage 
tests to earth and between poles. 

b) The insulating material shall withstand the power-frequency test voltage specified in item a). 
The appropriate test methods given in IEC 60243-1:2013 shall be applied to test if the 
insulating material meets the relevant requirements. 

c) The insulation between live parts of the main circuit and the inner surface of insulating 
enclosure facing these shall withstand at least 150 % of the rated voltage of the equipment 
for one minute. This shall be tested according to 6.104 of IEC 62271-201:2014 taking into 
account the selected protection category of the interconnection. 

d) If a leakage current can reach the accessible side of the insulating enclosure by a 
continuous path over insulating surfaces, it shall be not greater than 0,5 mA under the 
specified test conditions (refer to 7.104). 

For testing procedures see 7.2.101.2.2 of IEC 62271-202:2022. 
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7.2.102 Dielectric tests on the low-voltage interconnection 

7.2.102.1 General conditions 

For the tests, the low-voltage interconnection is connected to the test supply through the low-
voltage functional unit. One terminal of the voltage source shall be connected to the main 
earthing conductor system of the CEADS. Only the switching devices that are in series in the 
supply circuit are closed. All other switching devices are open. 

When the low-voltage interconnection is partially or totally covered by a non-metallic enclosure, 
the enclosure shall be covered by a circular or square metal foil having an area as large as 
possible, but not exceeding 100 cm2 connected to the earth. The foil shall be applied to all 
surfaces that can be touched by an operator. 

7.2.102.2 Lightning impulse-voltage tests 

The low-voltage interconnection shall be subjected to lightning impulse-voltage tests. The rated 
impulse-voltage test is chosen in accordance with 5.3. 

The 1,2/50 μs impulse voltage shall be applied three times for each polarity at intervals of 1 s 
minimum. Voltage surge suppression devices shall be disconnected. 

The test voltage shall be applied connecting each phase conductor of the main circuit in turn to 
the high-voltage terminal of the test supply. All other conductors of the main circuit and the 
auxiliary circuits shall be connected to the earthing conductor or the frame and to the earth 
terminal of the test supply. 

There shall be no disruptive discharge during the tests. 

7.2.102.3 Power-frequency voltage withstand test 

The low-voltage interconnection shall be subjected to 1 min power-frequency voltage withstand 
tests in dry conditions in accordance with 10.9.2 of IEC 61439-1:2020 with the following 
addition: 

During the power-frequency voltage withstand test, one terminal of the test transformer shall 
be connected to earth and to the main earthing conductor system of the CEADS. 

7.2.103 Dielectric tests on high-voltage functional unit 

Subclause 7.2 of IEC 62271-200:2021 for metal-enclosed switchgear and controlgear or 6.2 of 
IEC 62271-201:2014 for solid-insulation enclosed switchgear and controlgear is applicable with 
the following addition: 

In case that the design of CEADS does not allow to separate physically power transformer 
functional unit and high-voltage functional unit, the tests of the high-voltage functional unit shall 
be carried out with the power transformer functional unit isolated from the high-voltage 
functional unit (e.g. by removing the interconnection). 

7.2.104 Dielectric tests on power transformer functional unit  

Tests prescribed in the IEC 60076 (all parts) shall be applied, with the following considerations: 

Preferably the power transformer functional unit should be disconnected from the high-voltage 
functional unit and the low-voltage functional unit. However, for practical reasons the test 
voltage can be applied through the high-voltage functional unit. Only the switching devices that 
are in series in the supply circuit are closed. All other switching devices are open. 
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7.2.105 Dielectric tests on low-voltage functional unit 

Subclause 9.1 of IEC 61439-1:2020 is applicable. 

For practical reasons this test can be performed on the low-voltage functional unit already 
installed in CEADS. In this case the low-voltage functional unit shall be isolated from the power 
transformer functional unit. 

7.3 Radio interference voltage (RIV) test 

Subclause 7.3 of IEC 62271-1:2017 is not applicable for CEADS. 

7.4 Resistance measurement 

Subclause 7.4 of IEC 62271-1:2017 is applicable with the following considerations. 

When the power transformer functional unit cannot be disconnected from the high-voltage 
functional unit, the resistance measurement can be influenced by the power transformer high-
voltage windings. 

7.5 Continuous current tests 

Subclause 7.5 of IEC 62271-1:2017 is applicable with the following considerations. 

This test is applicable for CEADS-G and CEADS-A. For CEADS-I, when the power transformer 
functional unit cannot be disconnected from the high-voltage functional unit, this test is not 
applicable. 

7.6 Short-time withstand current and peak withstand current tests 

Subclause 7.6 of IEC 62271-1:2017 is not applicable to CEADS. 

7.6.101 Short-time and peak withstand current tests on main circuit of high-voltage and 
low-voltage functional units 

The high-voltage functional unit that has not been previously tested shall be submitted to test 
according to 7.6 of IEC 62271-200:2021 for metal-enclosed switchgear and controlgear or 6.6 
of IEC 62271-201:2014 for solid-insulation enclosed switchgear and controlgear. The high-
voltage functional unit shall be isolated from the power transformer functional unit to perform 
the test. 

The low-voltage functional unit that has not been previously tested shall be submitted to test 
according to IEC 61439-1:2020. The low-voltage functional unit shall be isolated from the power 
transformer functional unit to perform the test. 

7.6.102 Short-time and peak withstand current tests on high-voltage and low-voltage 
interconnections 

High-voltage interconnection shall be tested following the procedure described in 7.6.1 a) of 
IEC 62271-200:2021 for metal-enclosed switchgear and controlgear or 6.6 a) of 
IEC 62271-201:2014 for solid-insulation enclosed switchgear and controlgear. The test current 
shall be applied in such a manner that the complete connection to the power transformer is 
tested. All parts supporting the interconnection shall be maintained in place, as in service 
condition, during the test. 

In particular, when the high-voltage interconnection is protected by current-limiting devices 
situated in the high-voltage switchgear, provisions of 7.6.1 a) of IEC 62271-200:2021 for metal-
enclosed switchgear and controlgear or 6.6 a) of IEC 62271-201:2014 for solid-insulation 
enclosed switchgear and controlgear are applicable. 
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If the high-voltage interconnection is not protected by current limiting devices, the test can be 
made, where appropriate, at the same time as the high-voltage functional unit is tested, 
provided that the conditions of 7.6.1 of IEC 62271-200:2021 for metal-enclosed switchgear and 
controlgear or 6.6 of IEC 62271-201:2014 for solid-insulation enclosed switchgear and 
controlgear are met. 

Non type-tested low-voltage interconnections can be tested following the procedure described 
in IEC 61439-1:2020 for low-voltage switchgear and controlgear assembly. Where appropriate 
this test can be made at the same time as the low-voltage functional unit is tested. The test 
current shall be applied in such a manner that the complete connection to the power transformer 
functional unit is tested. All parts supporting the interconnection shall be maintained in place, 
as in service condition, during the test. 

For safety reasons, the power transformer can be replaced by a replica for short-time and peak 
current type tests. To verify interconnections ability to withstand the test, a short-circuit is made 
at both sides of the power transformer replica terminals. 

7.6.103 Short-time and peak withstand current tests on earthing circuits 

The earthing circuit of the CEADS shall be tested according to 7.6 of IEC 62271-1:2017 with 
the addition of the following paragraphs: 

The type tests shall not be repeated on the main earthing circuits of type-tested functional units. 

After the test, some deformation of the main earthing conductor and of the connections to the 
functional units is permissible, but the continuity of the circuit shall be preserved. 

Test of connections of metallic covers and doors not belonging to the main earthing circuit is 
not required. However, they can be tested at 30 A (DC) to demonstrate the electrical continuity 
of earthed metallic parts. In this case, the voltage drop shall be lower than 3 V. 

7.6.104 Short-circuit current tests on power transformer functional unit 

By agreement between the manufacturer and the user a short circuit test according to 
IEC 60076-5:2006 on the power transformer functional unit might be carried out. 

Preferably the power transformer functional unit should be disconnected from the high-voltage 
functional unit and the low-voltage functional unit. However, for practical reasons, the test 
voltage can be applied through the high-voltage functional unit. Only the switching devices that 
are in series in the supply circuit are closed. All other switching devices are open. 

7.7 Verification of the protection  

Subclause 7.7 of IEC 62271-1:2017 is applicable with the following addition. 

Verification of the protection against mechanical stresses according to 6.14 and 6.101 shall be 
checked. 

7.8 Tightness tests 

Subclause 7.8 of IEC 62271-1:2017 is applicable for high-voltage functional unit. 

7.9 Electromagnetic compatibility tests (EMC) 

For high-voltage functional unit 7.9 of IEC 62271-1:2017 is applicable with the exception of 
radio interference voltage test. 

For low-voltage functional unit 10.12 of IEC 61439-1:2020 is applicable. 
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A test on a CEADS is not necessary provided that the high-voltage functional unit and low-
voltage functional unit have been tested according to their relevant standards. 

7.10 Additional tests on auxiliary and control circuits 

7.10.1 General 

Subclause 7.10 of IEC 62271-1:2017 is applicable, with the following addition: 

These tests shall be performed on the complete CEADS and are only applicable to the auxiliary 
and control low-voltage circuits. Low-voltage power circuits, i.e. secondary of power 
transformer, low-voltage interconnection and low-voltage functional unit, are excluded from the 
test. 

7.10.2 Functional tests 

A functional test of all low-voltage circuits shall be made to verify the proper functioning of 
auxiliary and control circuits in conjunction with the other parts of the CEADS. 

The tests shall be performed with the upper and lower value limits of the supply voltage defined 
in 5.9. 

For low-voltage circuits, sub-assemblies and components, operation tests may be omitted if 
they have been fully performed during a test applied to similar CEADS. 

7.10.3 Verification of the operational characteristics of auxiliary contacts 

Subclause 7.10.3 of IEC 62271-1:2017 is applicable. 

7.10.4 Environmental tests 

Subclause 7.10.4 of IEC 62271-1:2017 is applicable on a representative sample of an auxiliary 
and control circuit with following limitations. 

These tests do not apply for indoor switchgear and controlgear operated under normal service 
conditions as defined by Clause 4 of IEC 62271-1:2017. 

When the tests as stated in 7.10.4 of IEC 62271-1:2017 have been performed on the separate 
components of a representative sample of an auxiliary and control circuit, no further 
environmental tests are needed. 

Where this is not carried out, 7.10.4 of IEC 62271-1:2017 is applicable on a typical lay-out of 
the auxiliary and control circuits. 

7.10.5 Dielectric test 

Subclause 7.10.5 of IEC 62271-1:2017 is applicable. 

7.11 X-radiation test for vacuum interrupters 

Subclause 7.11 of IEC 62271-1:2017 is applicable for high-voltage functional units where 
vacuum interrupters are used. 
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7.101 Temperature-rise tests 

7.101.1 General 

The purpose of this test is to check that the temperature increases of the components when 
adapted to the design of the CEADS in its entirety does not impair the life-time expectancy of 
the functional units and their interconnections. Their life-time expectancy shall not be influenced 
if the acceptable limits of deterioration of insulation through thermal effects are not exceeded. 
As stated in Clause 4, the functional units, which form part of a CEADS, shall comply at least 
with the requirements of their respective standards. To ensure this compliance, the relevant 
type tests can be carried out on each functional unit, being alone or embedded in the CEADS. 
In addition, as stated in the introduction, potential interactions between devices shall be 
evaluated. 

Two situations can be considered. 

The temperature rise tests are previously performed on each functional unit alone. Then the 
purpose of the temperature-rise test on the complete CEADS is to assess the possible 
interactions, to define corresponding de-rating of the functional units if any, and to verify the 
temperature rise of the interconnections. 

The temperature-rise tests are not previously performed on each functional unit alone. Then 
the purpose of the temperature-rise test on the complete CEADS is to verify the temperature 
rise of the functional units according to their respective standards and at the same time the 
temperature rise of the interconnections. 

7.101.2 Test conditions 

Main functional units and interconnections temperature-rise tests shall be performed 
simultaneously on a complete CEADS. In the case of already type-tested high-voltage functional 
unit and where it is considered that there is no significant influence of the temperature-rise of 
the high-voltage functional unit on the other functional units, or vice-versa, the temperature-rise 
test shall not include the current flowing in the main circuit of the high-voltage functional unit 
(see Figure 1). If it cannot be demonstrated otherwise a complete test of the CEADS shall be 
performed (see Figure 2). For the high-voltage functional unit the procedure of 7.5 of 
IEC 62271-200:2021 for metal-enclosed switchgear and controlgear or 6.5 of 
IEC 62271-201:2014 for solid-insulation enclosed switchgear and controlgear shall be applied. 

NOTE 1 Reasons for concern could be, for example, where the temperature-rise values reported during the type 
test are close to the acceptable limits, or the influence of other functional units on the power transformer feeder 
during the temperature-rise test of the complete CEADS is so high that can be estimated that the influence on the 
main circuit can compromise their rated values. In that case de-rating of the high-voltage functional unit is considered. 

NOTE 2 It is a common practice that the high-voltage functional unit operates at much lower current (load) than its 
rated one. Taking this into account, the additional increase of temperature caused by operating as part of a CEADS 
in most cases has no relevant influence on the required current capability of the high-voltage functional unit. In cases 
where full load conditions are expected in the main circuit this assumption cannot be valid. 

In case of high-voltage functional unit not previously type tested, a complete temperature-rise 
test of the CEADS shall be performed, according to Figure 2. 

The distribution of current at the low-voltage functional unit feeders shall be chosen to be the 
worst condition in respect of heat generation. 

NOTE 3 The low-voltage functional unit feeders comprise not only traditional electric distribution applications 
outgoing feeders but incoming feeders from back-feeding installations such as low voltage side generating plants. 

If low-voltage functional unit feeders are equipped with fuses, these fuses shall be present 
during test and shall represent the service conditions. As an option, the feeders can be fitted 
with fuse-links instead of fuses. The rated power losses of the fuse-links used for the test shall 
be stated in the type test report. Fuse-link power loss shall be determined by measurement or 
alternatively as declared by the fuse-link manufacturer. 
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The test shall be carried out in a test room in which the dimensions and insulation shall keep 
the ambient air temperature of the room within the limits specified in 7.101.5.1. 

The test room environment shall be substantially free from air currents, except those generated 
by heat from the equipment under test. In practice, this condition is reached when the air 
velocity does not exceed 0,5 m/s. 

7.101.3 Test methods 

7.101.3.1 General 

Two different testing situations are considered (see 7.101.1). 

a) The temperature-rise test shall not include the current flowing in the main circuit of the high-
voltage functional unit because the temperature-rise test on the high-voltage functional unit 
has been previously carried out and the influence of the other functional units is deemed to 
be not significant for the temperature-rise of the high-voltage functional unit in the CEADS. 

b) The temperature-rise test shall include the current flowing in the main circuit of the high-
voltage functional unit because the temperature-rise test on the high-voltage functional unit 
has not been previously carried out or the influence of the other functional units is deemed 
to be significant on the temperature-rise of the high-voltage functional unit when installed in 
the CEADS. 

The following test methods can be used: 

– The preferred method requires the use of independent sources of current to supply the 
high-voltage and the low-voltage sides of the CEADS. 

– An alternative method can be used if the laboratory can provide only one source of 
current or the design of the CEADS makes the connection arrangements as described 
by Figure 1 impossible. The alternative method is applicable in case of situation a). 

7.101.3.2 Preferred method 

7.101.3.2.1 General 

This method requires different connections of supply for the high-voltage and the low-voltage 
sides respectively. 

7.101.3.2.2 Connection of supplies 
a) High-voltage side 

According to the two situations described above, the following testing procedures shall be 
used. 
If the test does not require to include the current flowing in the main circuit of the 
high-voltage functional unit, the power transformer functional unit and the high-voltage 
functional unit shall be connected to one current supply and the low-voltage terminals of the 
power transformer functional unit shall be short-circuited. The supply shall be connected to 
the incoming feeder of the high-voltage functional unit. Refer to Figure 1. 
If the test requires to include the current flowing in the main circuit of the high-voltage 
functional unit, it shall be isolated from the T-off (power transformer feeder) and two different 
supplies on the high-voltage side shall be used. The first one shall supply the high-voltage 
main circuit with its rated current. The second shall supply the high-voltage side of the power 
transformer functional unit through the T-off of the high-voltage functional unit and the 
low-voltage terminals of the power transformer functional unit shall be short-circuited. 
Figure 2 graphically explains the connection of supplies under an assembly with larger high-
voltage main circuit. 
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b) Low-voltage side 
The temperature-rise test on the low-voltage side shall be carried out in accordance with 
10.10 of IEC 61439-1:2020 and the following specific requirements. 
The low-voltage functional unit shall be isolated from the power transformer functional unit, 
as close as practicable to the power transformer functional unit terminals. At a convenient 
point adjacent to the power transformer functional unit terminals, a short-circuit shall be 
applied to the connections between the power transformer functional unit and the 
low-voltage functional unit. Test current shall be applied to the low-voltage functional unit 
via the feeders.  
 

 

Key 

I1 sufficient current to generate the total losses in accordance with Step 1 and Step 2 of 7.101.3.3.3 for liquid-
immersed power transformer functional unit or high-voltage rated current of dry-type power transformer functional 
unit (see 7.101.4 step 2) 

I2 current determined by the power transformer functional unit rated power at its low-voltage side at the maximum 
current tapping 

Figure 1 – Test diagram in case of type-tested high-voltage functional unit 
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Key 

I1 sufficient current to generate the total losses of liquid-filled power transformer functional unit or high-voltage 
rated current of dry-type power transformer functional unit (see 7.101.4 step 2) 

I2 current determined by the power transformer functional unit rated power at its low-voltage side at the maximum 
current tapping 

I3 rated continuous current of high-voltage main circuit 

Figure 2 – Test diagram in case of non-type-tested high-voltage functional unit 

7.101.3.2.3 Application of test currents 
a) High-voltage side  

For liquid filled power transformer functional unit the circuit is supplied with sufficient current to 
generate the total losses of the power transformer functional unit, at its reference temperature, 
using the method defined in IEC 60076-2:2011. 

NOTE 1 A small percentage of current above the rated current flowing through the complete circuit can be used so 
as to compensate for the power transformer functional unit no-load losses. 

NOTE 2 During the test, the resistance can vary according to the temperature of the power transformer functional 
unit. Thus, the test supply current is varied accordingly to maintain the generated losses constant and equal to the 
total power transformer functional unit losses throughout the test. 

For dry type power transformer functional units, the simulated load method described in 
IEC 60076-11:2018 shall be followed (see 7.101.4). 

b) Low-voltage side  

The low-voltage circuit is supplied with the current determined by the power transformer 
functional unit rated power at its low-voltage side at the maximum current tapping. 

7.101.3.3 Alternative method 

7.101.3.3.1 General 

This method requires one single supply.  

7.101.3.3.2 Connection of supply 

The high-voltage functional unit and the power transformer functional unit shall be connected 
and the feeders of the low-voltage functional unit shall be short-circuited. The supply shall be 
connected to the incoming terminals of the high-voltage functional unit (see Figure 3). 
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Key 

I1 sufficient current to generate the total losses of liquid-filled power transformer functional unit (see 7.101.3.3.3 
step 1 and step 2) 

Figure 3 – Diagram of the temperature-rise test alternative method 

7.101.3.3.3 Application of test current 

When the CEADS is equipped with a liquid-immersed power transformer functional unit, the 
application of test currents should follow the method as described in 7.3.2 of IEC 60076-2:2011 
consisting of the two following consecutive steps. 

Step 1: 

The CEADS is supplied with sufficient current to generate the total losses of the power 
transformer functional unit, at its reference temperature, using the method defined in 
IEC 60076-2:2011. 

NOTE The total power supplied to the complete prefabricated substation can be higher than the power transformer 
total rated losses due to the connection of the low-voltage switchgear assembly. 

Step 2: 

The supply current is reduced so that the high-voltage rated current of the power transformer 
is injected for 1 h in accordance with IEC 60076-2:2011.  

At the end of the second step, the low-voltage and high-voltage switchgear temperature 
measurements shall be made in accordance with 7.101.5.3 and 7.101.5.4. 

7.101.4 Test method for CEADS equipped with dry-type power transformer functional 
unit 

For a temperature-rise test on a CEADS equipped with a dry-type power transformer functional 
unit, the method for the temperature-rise test should follow the simulated load method as 
described in IEC 60076-11:2018 consisting of two consecutive steps. 

Step 1: 

The open-circuit test shall be performed in such a manner that the rated operating voltage 
(three-phase) at rated frequency is applied to the low-voltage winding of the power transformer 
functional unit via one of the feeders of the low-voltage functional unit. The high-voltage winding 
is connected to the high-voltage functional unit. High-voltage main circuit is open (see Figure 4). 
Once the steady state condition of the windings and magnetic core has been reached (see 
14.3.2.4 of IEC 60076-11:2018), the temperature-rise of each winding of the dry-type power 
transformer functional unit shall then be measured. 
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This test can also be made by feeding the high-voltage winding of the power transformer 
functional unit via high-voltage functional unit. The low voltage winding is connected to the low-
voltage functional unit. Low-voltage main circuit is open. 

 

Key 

I1 no load current of the power transformer 

Figure 4 – Diagram for the open-circuit test 

Step 2:  

The connection of supplies is made according to 7.101.3.3.2 (Figure 3) or 7.101.3.2.2 (Figure 1 
or Figure 2). 

When the steady-state condition of the windings and magnetic core is achieved, the 
temperature rises of each winding of the dry-type power transformer functional unit shall be 
measured together with the temperature rises of the low-voltage functional unit and the 
interconnections and high-voltage functional unit for case b) of 7.101.3.1. For the steady-state 
conditions of dry-type power transformer functional unit refer to 14.3.2.4 of IEC 60076-11:2018. 

After completion of the two steps above the temperature rise of the power transformer functional 
unit is calculated by the formula given in 14.3.2.2.2 of IEC 60076-11:2018. 

7.101.5 Measurements 

7.101.5.1 Measurements of the ambient air temperature 

The ambient air temperature is the average temperature of the air surrounding the CEADS. It 
shall be measured during the last part of the test period or each test step (depending on test 
method) by means of at least four thermometers, thermocouples or other temperature-
measuring devices equally distributed around the CEADS at about the average height of its 
current-carrying parts and at a distance of about 1 m from the CEADS. The thermometers or 
thermocouples shall be protected against air currents and undue influence of heat. 

In order to avoid indication errors because of rapid temperature changes, the thermometers or 
thermocouples can be put into small bottles containing about half a litre of oil. 

During the last part of the test period or each test step (depending on test method), the change 
of ambient air temperature shall not exceed 1 K in 1 h. The ambient air temperature during tests 
shall be more than +10 °C but less than +40 °C. No correction of the temperature-rise values 
shall be made for ambient air temperatures within this range. 

7.101.5.2 Power transformer functional unit 

In the case of already type-tested power transformer functional unit, the top liquid temperature-
rise for liquid-filled power transformer functional units shall be measured as given in 
IEC 60076-2:2011, or the average winding temperature rises for dry-type power transformer 
functional units shall be measured as given in IEC 60076-11:2018. 
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In addition to this, in the case of non-type-tested power transformer functional unit 
measurement of the temperature-rise of the windings shall be performed according to 
IEC 60076-2:2011 for liquid-filled power transformer functional units or IEC 60076-11:2018 for 
dry-type power transformer functional units.  

7.101.5.3 Low-voltage functional unit  

The low-voltage functional unit temperature-rise shall be measured as given in 10.10 of 
IEC 61439-1:2020. 

The air temperature in the location where electronic equipment can be installed shall be 
measured. The temperature shall be within the service condition applicable to the contained 
electronic equipment. 

7.101.5.4 High-voltage functional unit 

If this test is considered to be necessary or in case of non-type-tested high-voltage functional 
unit, a complete measurement shall be performed according to IEC 62271-200:2021 for 
metal-enclosed switchgear and controlgear or IEC 62271-201:2014 for solid-insulation 
enclosed switchgear and controlgear. 

The air temperature in the location where electronic equipment can be installed shall be 
measured. The temperature shall be within the service condition applicable to the contained 
electronic equipment. 

7.101.5.5 Interconnections 

The temperature of the high-voltage and low-voltage interconnections, their terminals and 
accessible parts expected to be touched in normal operation shall be measured according to 
7.5.6 of IEC 62271-1:2017. 

7.101.5.6 Acceptance criteria 

The CEADS is deemed to pass the test if: 

a) the temperature-rise of the power transformer functional unit does not exceed the 
requirements of Clause 6 of IEC 60076-2:2011 for liquid-filled power transformer functional 
units or Clause 10 of IEC 60076-11:2018 for dry-type power transformer functional units. If 
the liquid-filled power transformer functional unit has been tested previously only the top 
liquid temperature shall be checked; 

b) the temperature-rise and temperatures of the high-voltage functional units and high-voltage 
interconnection do not exceed the requirements of 7.5.6 of IEC 62271-1:2017; 

c) the temperature rises and temperatures of the low-voltage functional unit and low-voltage 
interconnection do not exceed the requirements of 9.2 of IEC 61439-1:2020; 

d) for the accessible parts of CEADS the temperature-rise and temperatures do not exceed 
the requirements of 7.5.6 of IEC 62271-1:2017 for accessible parts expected to be touched 
in normal operation. 

NOTE If the values for accessible parts expected to be touched in normal operation are exceeded, additional 
precautions, covers, barriers and access limitation can be taken on site to avoid the risk of burns. 

7.101.6 Temperature-rise due to solar radiation 

In case of outdoor installation of CEADS, the effect of solar radiation could affect its 
performance. In order to evaluate the influence, CEADS can be subjected to a temperature rise 
type test with the addition of a simulated solar radiation in accordance with Annex G of 
IEC 62271-202:2022. The purpose of the test is to determine the impact due to solar radiation 
in terms of additional temperature rise on main components of CEADS and on those accessible 
parts expected to be touched in normal operation. If necessary, the required de-rating of CEADS 
could then be determined. 
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7.102 Internal arc test 

7.102.1 General 

These tests are applicable to CEADS, intended to be qualified as class IAC with respect to 
protection of persons in the event of an internal arc at high-voltage functional unit side. 

These tests cover the cases of faults resulting in an arc occurring inside the CEADS in the 
high-voltage functional unit and the high-voltage interconnection. The effectiveness of the 
design of the CEADS to provide protection to persons in case of an internal arc can be verified 
by testing according to Annex A. 

CEADS are generally intended for installation in closed electrical operating areas, where, in 
principle, only authorised personnel can enter. However, the employees of an industrial facility 
not in charge of the operation of the high-voltage functional unit, can stand occasionally in the 
proximity of a CEADS. As they are not aware of the risks involved, they are considered to be 
general public in the context of this document. Consequently, the document considers both 
accessibility types A and B, as in IEC 62271-200:2021 for metal-enclosed switchgear and 
controlgear or IEC 62271-201:2014 for solid-insulation enclosed switchgear and controlgear. 

IAC-A is intended to verify the protection of operators when operating the CEADS and is based 
on a restriction to authorised persons only (Accessibility Type A, see 5.102.2). 

IAC-B is intended to verify the protection of the general public around the CEADS with 
unrestricted access (Accessibility Type B, see 5.102.2). 

The manufacturer shall indicate which parts of the CEADS are classified as accessible during 
an internal arc event and which are defined as high-voltage operating side(s) according to the 
tested IAC classification. 

This IAC classification is intended to offer a tested level of protection to persons (including 
operators) around CEADS in the event of internal arcs in normal operating conditions and with 
its high-voltage functional unit in normal service position. 

NOTE This document covers only internal arcs occurring in the high-voltage side of the CEADS, including high-
voltage-interconnections (e.g. between high-voltage functional unit and power transformer functional unit). Internal 
arcs within the power transformer functional unit or the low-voltage functional unit are not taken into account (see 
6.103 for explanation of this exclusion). 

Internal arcs in a CEADS can occur in a number of locations and can cause various physical 
phenomena. For example, the energy resulting from an arc developed in open air within the 
CEADS or in any insulating fluid within the enclosure of any of the high-voltage functional units 
can cause an internal overpressure and local overheating which can result in mechanical and 
thermal stressing of room or the enclosure (if any) containing the CEADS. Moreover, the 
materials involved can produce hot decomposition products, either gaseous or vaporous, which 
can be discharged around the CEADS. 

The Internal Arc Class (IAC) makes allowance for internal overpressure acting on covers, doors, 
floor(s), etc. It also takes into consideration the thermal effects of arc or its roots on the 
enclosure and of ejected hot gases and glowing particles, but not damage to internal partitions, 
shutters or other internal installations not being accessible in normal operating conditions. 

The internal arc tests described below does not cover all effects that can constitute a hazard, 
such as the presence of gases with potential toxic characteristics that can be present after the 
fault, or the hazard of propagation of fire after an internal arc to combustible materials or 
equipment placed in the proximity of the CEADS. 
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7.102.2 Test conditions 

To be qualified as class IAC-A and/or IAC-B a CEADS shall be subjected to a different test 
series, one on the high-voltage functional unit and, if applicable, on the high-voltage 
interconnections. To be qualified as class IAC-AB the CEADS shall be subjected to the test 
series for IAC-A and IAC-B. 

For required tests, see Figure A.7, Figure A.8, Figure A.9 and Figure A.10, showing the 
principles for the selection of tests and the corresponding number and type of tests to be 
performed. 

The internal arc test shall be performed on a complete CEADS to ensure that the influence of 
all devices is represented. If any device is used to limit the duration of the arc (for example 
protection relay, fuses), it can be operative during the test but the part of the CEADS protected 
by the device shall be classified per the actual duration of the arc. The test current shall be 
maintained for the rated short-circuit duration of the main circuit. 

As an exception, the test on high-voltage functional unit might be not necessary, provided that: 

• this functional unit has been previously internal arc classified according to 5.103 of 
IEC 62271-200:2021 for metal-enclosed switchgear and controlgear or 4.101 of 
IEC 62271-201:2014 for solid-insulation enclosed switchgear and controlgear, in a test 
arrangement equal or more onerous than the actual installation conditions in the CEADS; 

• it can be proven that the other components of the CEADS do not affect the behaviour. 

In the case where open-air fuse-bases devices are used as high-voltage functional unit, a three-
phase test shall be performed at the feeding side of the fuse-bases. 

7.102.3 Arrangement of the equipment 

The following points shall be observed: 

• tests shall be carried out on a CEADS not previously subjected to arcing, or, if subjected, 
being in a condition which does not affect the result of the test; 

• the CEADS shall be fully equipped, including high-voltage interconnection. Mock-ups of 
internal components that shall not be exposed to the arc are permitted provided they have 
the same volume and external material as the original components; 

• when the CEADS is connected to earth, the connection shall be at the point provided. 

7.102.4 Test procedure 

The method to verify the internal arc classification is defined in A.6. 

7.102.5 Criteria to pass the test 

A CEADS is qualified as class IAC (according to the relevant accessibility type) providing that:  

• the five criteria as in 7.105.5 of IEC 62271-200:2021 for metal-enclosed switchgear and 
controlgear or 6.105.5 of IEC 62271-201:2014 for solid-insulation enclosed switchgear and 
controlgear have been met after the internal arc test on the high-voltage functional unit, 

NOTE Where the design of the CEADS includes a space below the floor to receive the exhausting gases, the 
behaviour of the floor is assessed from the point of view of the safety of the operator standing on it. 

• where applicable (see Figure A.9 and Figure A.10), the following criteria have been met 
after test on the high-voltage interconnections: 
Criterion no.1 Barriers, obstacles or enclosures of the high-voltage interconnection, if 

any, are not moved or deformed further than the position of the indicators. 
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Criterion no.2 No material projections of an individual mass above 60 g or more falling to 
the floor in the immediate vicinity of the assembly (in the case of accessible 
sides, this means between the assembly and the indicator rack). 

Criterion no.3 Arcing does not cause holes in the accessible side of the enclosure of the 
high-voltage interconnection. 

Criterion no.4 Indicators do not ignite due to the effect of flames or hot gases. 
Should they start to burn during the test, the assessment criterion can be 
regarded as having been met, if proof is established of the fact that glowing 
particles rather than hot gases caused the ignition. Pictures taken by high-
speed cameras, video or any other suitable means can be used by the test 
laboratory to establish evidence. 
Indicators ignited as a result of paint or stickers burning are also excluded 
from the assessment. 

Criterion no.5 If the high-voltage interconnection is protected by an enclosure connected 
to earth, this enclosure remains connected to its earthing point. 

7.102.6 Test report 

The following information shall be given in the test report: 

– description of test object: comprehensive list of drawings and documents to identify critical 
aspects of the design regarding gas cooling, exhausting path or arrangement of cable ducts 
if used to exhaust gases; 

– ratings and description of the CEADS with a drawing showing the main dimensions, details 
relevant to the mechanical strength, the arrangement of the pressure relief flaps and the 
method of fixing the CEADS to the floor and/or to the walls; 

– high-voltage functional unit type and ratings, as well as a specific mention to high-voltage 
functional unit internal arc classification, if any; 

– type of high-voltage interconnections; 
– arrangement of the test connections; 
– spatial dimensional arrangement of main components; 
– the ceiling height for installation or the relative distance between the upper part of the test 

object and the ceiling of the room or building; 
– point and method of initiation of the internal arc; 
– drawings or photographs of test arrangement (room simulation, test object and mounting 

frame of indicators) with respect to the type of accessibility (A or B), operating side (F, L or 
R) and installation conditions; 

– applied voltage and frequency; 
– for the prospective or test current: 

a) RMS value of the AC component during the first three half cycles; 
b) highest peak value; 
c) average value of the AC component over the actual duration of the test; 
d) duration of arc fault current; 

– oscillogram(s) showing currents and voltages; 
– assessment of the test results, including a record of the observations in accordance with 

7.102.5; 
– photographs of the test object under test, before and after test; 
– other relevant remarks. 

Full document details: IEC 62271-212 2022

http://www.avadocuments.com/doc/iec-62271-212-2022
http://www.avadocuments.com/doc/iec-62271-212-2022


IEC 62271-212:2022 © IEC 2022 – 45 –  

7.102.7 Extension of validity of test results 

The validity of the results of a test carried out on a particular CEADS design or representative 
part of it can be transferred to another one, provided that the original test was equal or more 
onerous and that the design under consideration can be considered as similar to the one tested 
in all of the following characteristics: 

• arc current and arcing time; 

• directions of gas flow from the internal arc; 

• dimensions of the tested compartments and layout of the CEADS; 

• structure and mechanical strength of the compartments and partitions, if any; 

• performance of the pressure release device, if any. 

NOTE If applicable, the assessment of the high-voltage functional unit assembly of the CEADS can be done in 
accordance with IEC TR 62271-307 [8]. 

7.103 Verification of making and breaking capacities of high-voltage functional unit 

Subclause 7.101 of IEC 62271-200:2021 for metal-enclosed switchgear and controlgear or 
6.101 of IEC 62271-201:2014 for solid-insulation enclosed switchgear and controlgear is 
applicable with the following addition: 

It is not required to repeat the type tests to verify making and breaking capability on previously 
type-tested components, provided that mechanical, thermal and electrical conditions during test 
are representative of the service conditions when installed in the CEADS. 

7.104 Mechanical operation tests 

Subclauses 7.102 of IEC 62271-200:2021 for metal-enclosed switchgear and controlgear and 
6.102 of IEC 62271-201:2014 for solid-insulation enclosed switchgear and controlgear are 
applicable to high-voltage functional unit and 10.2.8 of IEC 61439-1:2020 is applicable for 
low-voltage functional unit, with the following addition: 

Mechanical operation test shall not be repeated if the functional units have been previously type 
tested, provided that the installation of the functional unit within the CEADS does not impose 
conditions that could influence negatively the operation. In case of doubt the test shall be 
repeated in the real installation conditions. 

7.105 Mechanical stability test 

The type tests for the complete assembly shall include a test for stability. The test shall be 
conducted with care to ensure that the equipment cannot topple in an uncontrolled manner. The 
complete CEADS shall be lifted, by the specified lifting lugs, to verify the assembly stability for 
safe handling and operations. A second test shall comprise lifting one side of the equipment by 
15º to check that there is no toppling. When agreed between manufacturer and user, this last 
test can be repeated to check stability lifting from any of the sides. 

NOTE It is suggested that the equipment can be supported with a crane during the test. 

7.106 Pressure withstand test for gas-filled compartments 

Subclause 7.103 of IEC 62271-200:2021 is applicable with the following addition: 

Pressure withstand test for gas-filled compartments shall not be repeated if the functional units 
have been previously type tested, provided that the installation of the functional unit within the 
CEADS does not impose conditions that could influence negatively the tightness. In case of 
doubt, the test shall be repeated in the real installation conditions. 
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7.107 Measurements of leakage currents of non-metallic enclosures 

When the high-voltage interconnection is totally or partially covered by a non-metallic enclosure 
the following tests shall be made in order to check compliance with the requirement of item d) 
of 7.2.101.5. 

At the discretion of the manufacturer, the main circuit shall be connected either to a three-phase 
supply of power-frequency voltage equal to the rated voltage of the high-voltage functional unit, 
with one phase connected to earth, or to a single-phase supply of a voltage equal to the rated 
voltage. The live parts of the main circuit shall be connected together. For three-phase tests, 
three measurements shall be made with the different phases of the supply successively 
connected to earth. In the case of single-phase tests, only one measurement is necessary. 

A metal foil shall be placed in the most unfavourable situation for the test on the accessible 
surface of the insulation providing the protection against contact with live parts. In case of doubt 
about the most unfavourable situation, the test shall be repeated with different situations. 

The metal foil shall be approximately circular or square, having an area as large as possible 
but not exceeding 100 cm2. The enclosure and the frame of the high-voltage functional unit and 
the power transformer shall be earthed. The leakage current flowing through the metal foil to 
earth shall be measured with the insulation dry and clean. 

If the value of the leakage current measured is more than 0,5 mA, the insulating surface does 
not provide the protection required in this document. 

It is not necessary to measure leakage currents, if earthed metal parts are arranged in an 
appropriate manner to ensure that leakage currents cannot reach the accessible parts of the 
enclosure. 

7.108 Weatherproofing test 

When agreed between manufacturer and user, a weatherproofing test can be made on outdoor 
CEADS. A recommended method is given in Annex C of IEC 62271-1:2017. 

7.109 Tightness and mechanical strength for liquid filled compartments 

If the enclosure is of hermetically sealed type and completely liquid filled, 11.8 of 
IEC 60076-1:2011 is applicable with the following addition: 

The test shall be performed on a complete CEADS to ensure that the influence of all devices is 
represented. 

NOTE Mechanical withstand tests specified in EN 50464-4 [9] and IEEE C57.12.00 [10] can be considered as 
alternative test method references for corrugated tanks of liquid filled power transformer functional unit. 

7.110 Measurement or calculation of electromagnetic fields 

General guidance regarding the measurement or calculation of electromagnetic fields is given 
in IEC TR 62271-208:2009. 

8 Routine tests 

8.1 General 

Clause 8 of IEC 62271-1:2017 is not applicable for CEADS. 

The routine tests shall be made on each complete CEADS at the manufacturer’s factory to 
ensure that the product quality is in accordance with the equipment on which the type tests 
have been carried out.  
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Due to the special design of this equipment it can be practical to test more than one functional 
unit at the same time. 

The routine tests comprise the following: 

• dielectric test on the main circuit (8.2); 

• tests on auxiliary and control circuits (8.3); 

• measurement of the resistance of the main circuit (8.4); 

• tightness test (8.5); 

• design and visual checks (8.6); 

• mechanical operation tests on high-voltage functional units (8.101); 

• pressure tests of gas-filled compartments (8.102); 

• tests of auxiliary electrical, pneumatic and hydraulic devices (8.103); 

• measurement of the resistance of the windings (8.104); 

• measurement of the voltage ratio (8.105); 

• measurement of the short circuit impedance and load losses (8.106); 

• measurement of non-load losses and current (8.107); 

• inspection of the low-voltage functional unit, including inspection of wiring and, if necessary, 
electrical operation test (8.108); 

• checking of protective measures and of the electrical continuity of the protective circuits of 
the low-voltage functional unit (8.109); 

• tests after assembly onsite (8.110). 

If the components of the CEADS have been routine tested before in accordance with their 
relevant standards, these tests shall not be repeated unless the characteristics of the 
components are modified during manufacturing of the CEADS. 

8.2 Dielectric tests on the main circuit 

8.2.101 General 

Only parts of CEADS not previously routine tested shall be tested. 

8.2.102 Dielectric tests on high-voltage functional unit 

The tests shall be carried out with the power transformer functional unit isolated from the 
high-voltage functional unit. For this purpose, the switching device of the power transformer 
feeder circuit, if any, shall be in open position. 

In this case, for practical reasons, the switching device of the power transformer feeder circuit 
shall not be part of the tested equipment. Therefore it shall be tested together with the power 
transformer functional unit as stated in 8.2.103. Test voltage values shall be those of the power 
transformer functional unit. A test with the switching device of the power transformer feeder 
circuit in open position shall be included according to 8.2 of IEC 62271-1:2017. 

Voltage limiting devices such as surge arresters and voltage transformers, if part of the 
high-voltage functional unit, shall be disconnected during routine dielectric tests. 

8.2.103 Dielectric tests on power transformer functional unit and high-voltage 
interconnection 

If the power transformer functional unit has not been previously routine tested, 
IEC 60076-1:2011 shall be followed. 
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The testing voltage shall be applied through the high-voltage functional unit or the low-voltage 
functional unit. Only the switching devices that are in series in the supply circuit are closed, all 
other switching devices are in open position. The following tests are applicable: 

• Applied voltage test (AV) (Clause 10 of IEC 60076-3:2013); 

• Induced voltage withstand test (IVW) (11.2 of IEC 60076-3:2013). 

8.2.104 Dielectric tests on low-voltage functional unit and low-voltage interconnection 

As the purpose of this test is to test only the low-voltage functional unit and low-voltage 
interconnection, the low-voltage interconnection shall be disconnected from the power 
transformer functional unit. The testing voltage shall be applied at the power transformer 
functional unit side of the low-voltage interconnection. The switching devices that are in series 
in the supply circuit are closed. 

The following tests are applicable: 

• dielectric tests (11.9 of IEC 61439-1:2020); 

• verification of insulation resistance (11.9 of IEC 61439-1:2020). 

8.3 Tests on auxiliary and control circuits 

Subclause 8.3 of IEC 62271-1:2017 is applicable. 

8.4 Measurement of the resistance of the main circuit 

Subclause 8.4 of IEC 62271-1:2017 is only applicable for high-voltage functional unit of 
CEADS-G. 

8.5 Tightness test  

In the case that they have been routine-tested according to their relevant standards, there is 
no need to conduct this test. 

In other case, the following tests are applicable: 

• a tightness test as stated in 8.5 of IEC 62271-1:2017 shall be carried out for high-voltage 
functional unit. 

• a leak test with pressure according to 11.8 of IEC 60076-1:2011 for liquid-filled power 
transformer functional unit or a tightness test according to 11.3 of IEC 60076-15:2015 for 
gas-filled power transformer functional unit. 

8.6 Design and visual checks 

Subclause 8.6 of IEC 62271-1:2017 is applicable. 

8.101 Mechanical operation tests on high-voltage functional unit 

Subclause 8.102 of IEC 62271-200:2021 for metal-enclosed switchgear and controlgear or 
7.102 of IEC 62271-201:2014 for solid-insulation enclosed switchgear and controlgear is 
applicable for the high-voltage functional unit. 

8.102 Pressure tests of gas-filled compartments 

Subclause 8.103 of IEC 62271-200:2021 for metal-enclosed switchgear and controlgear or 
7.103 of IEC 62271-201:2014 for solid-insulation enclosed switchgear and controlgear is 
applicable for the high-voltage functional unit. 
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