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Foreword 

The text of document 108/521/FDIS, future edition 2 of IEC 62368-1:2014, prepared by IEC/TC 108 
"Safety of electronic equipment within the field of audio/video, information technology and 
communication technology" was submitted to the IEC-CENELEC parallel vote and approved by 
CENELEC as EN 62368-1:2014. 

A draft amendment, which covers common modifications to IEC 62368-1:2014, was prepared by 
CLC/TC 108X, "Safety of electronic equipment within the fields of Audio/Video, Information Technology 
and Communication Technology" and approved by CENELEC. 

The following dates are fixed: 

¶ latest date by which this document has to be implemented at 
national level by publication of an identical 
national standard or by endorsement 

(dop) 2015-06-20 

¶ latest date by which the national standards conflicting with this 
document have to be withdrawn 

(dow) 2019-06-20 
 

Clauses, subclauses, notes, tables, figures and annexes which are additional to those in 
IEC 62368-1:2014 are prefixed “Z”. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such 
patent rights. 
 
This standard covers the Principle Elements of the Safety Objectives for Electrical Equipment 
Designed for Use within Certain Voltage Limits (LVD - 2006/95/EC). 

Requirement of sound pressure for personal music player addressed by the mandate M/452 are 
covered in 10.6 "Safeguards against acoustic energy sources". 

For equipment falling within the scope of directives other than those against which this standard is 
harmonized, additional requirements from those directives may apply. 

BS EN 62368-1:2014
– 4 –

BS EN 62368-1:2014
EN 62368-1:2014

Endorsement notice

The text of the International Standard IEC 62368-1:2014 was approved by CENELEC as a European 
Standard with common modifications.

This document supersedes EN 60950-1:2006 and EN 60065:2014.
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Annex ZA  
(normative) 

 
Normative references to international publications  

with their corresponding European publications 

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

NOTE   When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD 
applies.  

Publication Year Title EN/HD Year 

  Safety of Toys – Part 1: Mechanical and 
physical properties 

EN 71-1 - 

  Sound system equipment: Headphones and 
earphones associated with personal music 
players — Maximum sound pressure level 
measurement methodology—  
Part 1: General method for "one package 
equipment" 

EN 50332-1 - 

  Sound system equipment: Headphones and 
earphones associated with personal music 
players — Maximum sound pressure level 
measurement methodology— 
Part 2: Matching of sets with headphones if 
either or both are offered separately, or are 
offered as one package equipment but with 
standardised connectors between the two 
allowing to combine components of different 
manufacturers or different design 

EN 50332-2 - 

  Product standard to demonstrate the 
compliance of mobile phones with the basic 
restrictions related to human exposure to 
electromagnetic fields (300 MHz - 3 GHz) 

EN 50360 - 

- - Insulating, sheathing and covering materials 
for low-voltage energy cables 

EN 50363 (all parts) 

- - Electrical test methods for low voltage energy 
cables 

EN 50395 2005 

- - Non electrical test methods for low voltage 
energy cables 

EN 50396 2005 

  General requirements for Home and Building 
Electronic Systems (HBES) and Building 
Automation and Control Systems (BACS) -- 
Part 3: Electrical safety requirements. 

EN 50491-3 2009 

  Product standard to demonstrate compliance 
of radio frequency fields from handheld and 
body-mounted wireless communication 
devices used by the general public (30 MHz - 
6 GHz) 

EN 50566 - 

IEC 60027-1 -  Letter symbols to be used in electrical 
technology –  
Part 1: General 

EN 60027-1 - 
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 - 7 - EN 62368-1:2014 

Publication Year Title EN/HD Year 

IEC 60065 - Audio, video and similar electronic apparatus 
– Safety requirements 

EN 60065 - 

IEC 60068-2-6 - Environmental testing  
Part 2-6: Tests – Test Fc: Vibration 
(sinusoidal) 

EN 60068-2-6 - 

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

EN 60068-2-78 - 

IEC/TR 60083 - Plugs and socket-outlets for domestic and 
similar general use standardised in member 
countries of IEC 

- -  

IEC 60085 - Electrical insulation – Thermal classification 
and designation 

EN 60085 - 

IEC 60086-4 - Primary batteries –  
Part 4: Safety of lithium batteries 

EN 60086-4 - 

IEC 60107-1 1997 Methods of measurement on receivers for 
television broadcast transmissions –  
Part 1: General considerations - 
Measurements at radio and video frequencies 

EN 60107-1 1997 

IEC 60112 - Method for the determination of the proof and 
the comparative tracking indices of solid 
insulating materials 

EN 60112 - 

IEC 60127 (all parts) Miniature fuses EN 60127 (all parts) 

IEC 60227-1 - Polyvinyl chloride insulated cables of rated 
voltages up to and including 450/750V –  
Part 1: General requirements 

HD 21 1) - 

IEC 60227-2 2003 Polyvinyl chloride insulated cables of rated 
voltages up to and including 450/750V –  
Part 2: Test methods 

HD 21 1) - 

IEC 60245-1 - Rubber insulated cables – Rated voltages up 
to and including 450/750V –  
Part 1: General requirements 

HD 22 2) - 

IEC 60309  (all parts) Plugs, socket-outlets and couplers for 
industrial purposes 

EN 60309 (all parts) 

IEC 60317 (all parts) Specifications for particular types of winding 
wires 

EN 60317 (all parts) 

IEC 60317-43 - Part 43: Aromatic polyimide tape wrapped 
round copper wire, class 240 

EN 60317-43 - 

IEC 60320 (all parts) Appliance couplers for household and similar 
general purposes 

EN 60320 (all parts) 

——————— 

1) The HD 21 series is related to, but not directly equivalent with the IEC 60227 series. Also EN 50363, EN 50395 and 
EN 50396 are to be taken into account. 

2) The HD 22 series is related to, but not directly equivalent with the IEC 60245 series. Also EN 50363, EN 50395 and 
EN 50396 are to be taken into account. 
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Publication Year Title EN/HD Year 

IEC 60320-1 - Appliance couplers for household and similar 
general purposes –  
Part 1: General requirements 

EN 60320-1 - 

IEC 60320-2-2 - Appliance couplers for household and similar 
general purposes –  
Part 2-2: Interconnection couplers for 
household and similar equipment 

EN60320-2-2 - 

IEC 60332-1-2 - Tests on electric and optical fibre cables under 
fire conditions –  
Part 1-2: Test for vertical flame propagation 
for a single insulated wire or cable - Procedure 
for 1 kW pre-mixed flame 

EN 60332-1-2 - 

IEC 60332-1-3 - Tests on electric and optical fibre cables under 
fire conditions –  
Part 1-3: Test for vertical flame propagation 
for a single insulated wire or cable - Procedure 
for determination of flaming droplets/particles 

EN 60332-1-3 - 

IEC 60332-2-2 - Tests on electric and optical fibre cables under 
fire conditions –  
Part 2-2: Test for vertical flame propagation 
for a single small insulated wire or cable - 
Procedure for diffusion flame 

EN 60332-2-2 - 

IEC 60384-14 2005 Fixed capacitors for use in electronic 
equipment –  
Part 14: Sectional specification: Fixed 
capacitors for electromagnetic interference 
suppression and connection to the supply 
mains 

EN 60384-14 2005 

IEC 60417 Data- 
base 

Graphical symbols for use on equipment - - 

IEC 60529 - Degrees of protection provided by enclosures 
(IP Code) 

EN 60529 - 

IEC 60664-1 2007 Insulation coordination for equipment within 
low-voltage systems –  
Part 1: Principles, requirements and tests 

EN 60664-1 2007 

IEC 60664-3 - Insulation coordination for equipment within 
low-voltage systems –  
Part 3: Use of coating, potting or moulding for 
protection against pollution 

EN 60664-3 - 

IEC 60691 2002 Thermal-links - Requirements and application 
guide 

EN 60691 2003 

IEC 60695-10-2 - Fire hazard testing –  
Part 10-2: Abnormal heat – Ball pressure test 

EN 60695-10-2 - 

IEC 60695-10-3 - Fire hazard testing –  
Part 10-3: Abnormal heat – Mould stress relief 
distortion test 

EN 60695-10-3 - 

IEC 60695-11-5 2004 Fire hazard testing –  
Part 11-5: Test flames – Needle flame test 
methods – Apparatus, confirmatory test 
arrangement and guidance 

EN 60695-11-5 2005 
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Publication Year Title EN/HD Year 

IEC 60695-11-10 - Fire hazard testing –  
Part 11-10: Test flames – 50 W horizontal and 
vertical flame test methods 

EN 60695-11-10- - 

IEC 60695-11-20 1999 Fire hazard testing –  
Part 11-20: Test flames – 500 W flame test 
methods 

EN 60695-11-20 1999 

IEC/TS 
 60695-11-21 

- Fire hazard testing –  
Part 11-21: Test flames – 500 W vertical flame 
test methods for tubular polymeric materials 

- - 

IEC 60728-11 
(mod) 

2005 Cable networks for television signals, sound 
signals and interactive services –  
Part 11: Safety 

EN 60728-11 2005 

IEC 60730 (all parts) Automatic electrical controls for household 
and similar use 

EN 60730 (all parts) 

IEC 60730-1 (mod) 2010 Automatic electrical controls for household 
and similar use –  
Part 1: General requirements 

EN 60730-1 2011 

IEC 60738-1 
+A1 

2006 
2009 

Thermistors – Directly heated positive 
temperature coefficient –  
Part 1: Generic specification 

EN 60738-1 
+A1 

2006 
2009 

IEC 60747-5-5 2007 Semiconductor devices – Discrete devices 
Part 5-5: Optoelectronic devices – 
Photocouplers 

EN 60747-5-5 2011 

IEC 60825-1 2007 Safety of laser products –  
Part 1: Equipment classification and 
requirements 

EN 60825-1 2007 

IEC 60825-2 2004 Safety of laser products –  
Part 2: Safety of optical fibre communication 
systems (OFCS) 

EN 60825-2 2004 

IEC 60825-12 - Safety of laser products –  
Part 12: Safety of free space optical 
communication systems used for transmission 
of information 

EN 60825-12 - 

IEC 60851-3 2009 Winding wires – Test methods –  
Part 3: Mechanical properties 

EN 60851-3 2009 

IEC 60851-5 2008 Winding wires – Test methods –  
Part 5: Electrical properties 

EN 60851-5 2008 

IEC 60851-6 1996 Winding wires – Test methods –  
Part 6: Thermal properties 

EN 60851-6 1996  

IEC 60896-11 - Stationary lead-acid batteries –  
Part 11: Vented types – General requirements 
and methods of tests 

EN 60896-11 - 

IEC 60896-21 2004 Stationary lead-acid batteries –  
Part 21: Valve regulated types –Methods of 
test 

EN 60896-21 2004 

IEC 60896-22 - Stationary lead-acid batteries –  
Part 22: Valve regulated types – 
Requirements 

EN 60896-22 - 
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Part 11-10: Test flames – 50 W horizontal and 
vertical flame test methods 

EN 60695-11-10- - 

IEC 60695-11-20 1999 Fire hazard testing –  
Part 11-20: Test flames – 500 W flame test 
methods 

EN 60695-11-20 1999 

IEC/TS 
 60695-11-21 

- Fire hazard testing –  
Part 11-21: Test flames – 500 W vertical flame 
test methods for tubular polymeric materials 

- - 

IEC 60728-11 
(mod) 

2005 Cable networks for television signals, sound 
signals and interactive services –  
Part 11: Safety 

EN 60728-11 2005 

IEC 60730 (all parts) Automatic electrical controls for household 
and similar use 

EN 60730 (all parts) 

IEC 60730-1 (mod) 2010 Automatic electrical controls for household 
and similar use –  
Part 1: General requirements 

EN 60730-1 2011 

IEC 60738-1 
+A1 

2006 
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Thermistors – Directly heated positive 
temperature coefficient –  
Part 1: Generic specification 
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Publication Year Title EN/HD Year 

IEC 60906-1 - IEC System of plugs and socket-outlet for 
household and similar purposes –  
Part 1: Plugs and socket-outlets 16 A 250 V 
a.c. 

- - 

IEC 60906-2 - IEC System of plugs and socket-outlet for 
household and similar purposes –  
Part 2: Plugs and socket-outlets 15 A 125 V 
a.c. 

- - 

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

EN 60947-1 - 

IEC 60950-1 (mod) 2005 Information technology equipment – Safety –  
Part 1: General requirements 

EN 60950-1 2006 

IEC 60950-22 2005 Information technology equipment – Safety –  
Part 22: Equipment to be installed outdoors 

EN 60950-22 2006 

IEC 60950-23 - Information technology equipment – Safety –  
Part  23: Large data storage equipment 

EN 60950-23 - 

IEC 60990 1999 Methods of measurement of touch current and 
protective conductor current 

EN 60990 1999 

IEC 60998-1 - Connecting devices for low-voltage circuits for 
household and similar purposes –  
Part 1: General requirements 

EN 60998-1 - 

IEC 60999-1 - Connecting devices – Electrical copper 
conductors – Safety requirements for screw-
type and screwless-type clamping units –  
Part 1: General requirements and particular 
requirements for clamping units for conductors 
from 0,2 mm2 up to 35 mm2 (included) 

EN 60999-1 - 

IEC 60999-2 - Connecting devices – Electrical copper 
conductors 470 – Safety requirements for 
screw-type and screwless-type clamping units 
–  
Part  2: Particular requirements for clamping 
units for conductors above 35 mm2 up to 
300 mm2 (included) 

EN 60999-2 - 

IEC 61051-1  Varistors for use in electronic equipment –  
Part 1: Generic specification 

  

IEC 61051-2 
A1 

1991 
2009 

Varistors for use in electronic equipment –  
Part 2: Sectional specification for surge 
suppression varistors 

- - 

IEC 61056-1 - General purpose lead-acid batteries (valve-
regulated types) –  
Part 1: General requirements, functional 
characteristics - Methods of test 

EN 61056-1 - 

IEC 61056-2 - General purpose lead-acid batteries (valve-
regulated types) –  
Part 2: Dimensions, terminals and marking 

EN 61056-2 - 

IEC 61058-1 (mod) 
+A1 

+A2 

2000 
2001 

2007 

Switches for appliances 
Part 1: General requirements 

EN 61058-1 
 

+A2 

2002 
 

2008 
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Publication Year Title EN/HD Year 

IEC 61140 2001 Protection against electric shock – Common 
aspects for installation and equipment 

EN 61140 2002 

IEC/TS 61201 2007 Use of conventional touch voltage limits – 
Application guide 

- - 

IEC 61204-7 - Low-voltage power supplies, d.c. output –  
Part 7: Safety requirements 

EN 61204-7 - 

IEC 61293 - Marking of electrical equipment with ratings 
related to electrical supply – Safety 
requirements 

EN 61293 - 

IEC 61427 - Secondary cells and batteries for Photovoltaic 
energy systems (PVES) – General 
requirements and methods of test 

EN 61427 - 

IEC/TS 61430 - Secondary cells and batteries – Test methods 
for checking the performance of devices 
designed for reducing explosion hazards – 
Lead-acid starter batteries 

- - 

IEC 61434 - Secondary cells and batteries containing 
alkaline or other non-acid electrolytes – Guide 
to designation of current in alkaline secondary 
cell and battery standards 

EN 61434 - 

IEC 61558-1 2005 Safety of power transformers, power supplies, 
reactors and similar products –  
Part 1: General requirements and tests 

EN 61558-1 2005  

IEC 61558-2-16 - Safety of power transformers, reactors, power 
supply units and similar products  for voltages 
up to 1 100 V –  
Part 2-16: Particular requirements and tests 
for switch mode power supply units and 
transformers for switch mode power supply 
units 

EN 61558-2-16 - 

IEC 61643-11 - Low-voltage surge protective devices –  
Part 11: Surge protective devices connected 
to low-voltage power systems – Requirements 
and test methods 

- - 

IEC 61810-1 2008 Electromechanical elementary relays –  
Part 1: General and safety requirements 

EN 61810-1 2008 

IEC 61959 - Secondary cells and batteries containing 
alkaline or other non-acid electrolytes – 
Mechanical tests for sealed portable 
secondary cells and batteries 

EN 61959 - 

IEC 61965 2003 Mechanical safety of cathode ray tubes EN 61965 2003 

IEC 61984 - Connectors – Safety requirements and tests EN 61984 - 

IEC 62133 - Secondary cells and batteries containing 
alkaline or other non-acid electrolytes – Safety 
requirements for portable sealed secondary 
cells, and for batteries made from them, for 
use in portable applications 

EN 62133 - 

IEC 62281 - Safety of primary and secondary lithium cells 
and batteries during transport 

- - 
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Publication Year Title EN/HD Year 

IEC 62471 (mod) 2006 Photobiological safety of lamps and lamp 
systems 

EN 62471 2008 

IEC/TR 62471-2 - Photobiological safety of lamps and lamp 
systems –  
Part 2: Guidance on manufacturing 
requirements relating to non-laser optical 
radiation safety 

- - 

IEC 62485-2 - Safety requirements for secondary batteries 
and battery installations –  
Part 2: Stationary batteries 

- - 

ISO 178 - Plastics - Determination of flexural properties EN ISO 178 - 

ISO 179-1 - Plastics - Determination of Charpy impact 
properties –  
Part 1: Non-instrumented impact test 

EN ISO 179 - 

ISO 180 - Plastics - Determination of Izod impact 
strength 

EN ISO 180 - 

ISO 306 - Plastics – Thermoplastic materials – 
Determination of Vicat softening temperatures 
(VST) 

EN ISO 306 - 

ISO 527 (all parts) Plastics – Determination of tensile properties EN ISO 527 (all parts) 

ISO 871 - Plastics – Determination of ignition 
temperature using a hot-air furnace 

- - 

ISO 3864 (all parts) Graphical symbols -- Safety colours and 
safety signs 

- - 

ISO 3864-2 - Graphical symbols – Safety colours and safety 
signs –  
Part 2: Design principles for product safety 
labels 

- - 

ISO 4892-1 - Plastics – Methods of exposure to laboratory 
light sources –  
Part 1: General guidance 

EN ISO 4892-1 - 

ISO 4892-2 2006 Plastics – Methods of exposure to laboratory 
light sources –  
Part 2: Xenon-arc lamps 

EN ISO 4892-2 2006 

ISO 4892-4 - Plastics – Methods of exposure to laboratory 
light sources –  
Part 4: Open-flame carbon-arc lamps 

- - 

ISO 7000 Data-base Graphical symbols for use on equipment – 
Index and synopsis 

- - 

ISO 7010 - Graphical symbols – Safety colours and safety 
signs – Safety signs used in workplaces and 
public areas 

EN ISO 7010 - 

ISO 8256 - Plastics - Determination of tensile-impact 
strength 

EN ISO 8256 - 

ISO 9772 - Cellular plastics - Determination of horizontal 
burning characteristics of small specimens 
subjected to a small flame 

- - 

BS EN 62368-1:2014
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of thin flexible vertical specimens in contact 
with a small-flame ignition source 

EN ISO 9773 - 
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Annex ZB  
(normative) 

 
Special National Conditions 

Special national condition: National characteristic or practice that cannot be changed even over a 
long period, e.g. climatic conditions, electrical earthing conditions.  

NOTE If it affects harmonisation, it forms part of the European Standard. 

For the countries in which the relevant special national apply these provisions are normative, for other 
countries they are informative. 

Clause Special national condition 

4.1.15 Denmark, Finland, Norway and Sweden 

 To the end of the subclause the following is added: 

Class I pluggable equipment type A intended for connection to other equipment or a 
network shall, if safety relies on connection to reliable earthing or if surge suppressors 
are connected between the network terminals and accessible parts, have a marking 
stating that the equipment shall be connected to an earthed mains socket-outlet. 

The marking text in the applicable countries shall be as follows: 

In Denmark: “Apparatets stikprop skal tilsluttes en stikkontakt med jord som giver 
forbindelse til stikproppens jord.” 

In Finland: "Laite on liitettävä suojakoskettimilla varustettuun pistorasiaan" 

In Norway: “Apparatet må tilkoples jordet stikkontakt” 

In Sweden: “Apparaten skall anslutas till jordat uttag” 

4.7.3 United Kingdom 

 To the end of the subclause the following is added: 

The torque test is performed using a socket-outlet complying with BS 1363, and the 
plug part shall be assessed to the relevant clauses of BS 1363. Also see Annex G.4.2 
of this annex  

5.2.2.2 Denmark 

 After the 2nd paragraph add the following: 

A warning (marking safeguard) for high touch current is required if the touch 
current exceeds the limits of 3,5 mA a.c. or 10 mA d.c. 

5.4.11.1 
and 
Annex G 

Finland and Sweden 
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Clause Special national condition 

 To the end of the subclause the following is added: 

For separation of the telecommunication network from earth the following is applicable: 

If this insulation is solid, including insulation forming part of a component, it shall at least 
consist of either 

¶ two layers of thin sheet material, each of which shall pass the electric strength test 
below, or  

¶ one layer having a distance through insulation of at least 0,4 mm, which shall pass 
the electric strength test below. 

If this insulation forms part of a semiconductor component (e.g. an optocoupler), there is 
no distance through insulation requirement for the insulation consisting of an insulating 
compound completely filling the casing, so that clearances and creepage distances do 
not exist, if the component passes the electric strength test in accordance with the 
compliance clause below and in addition 

¶ passes the tests and inspection criteria of 5.4.8 with an electric strength test of 
1,5 kV multiplied by 1,6 (the electric strength test of 5.4.9 shall be performed using 
1,5 kV), and  

¶ is subject to routine testing for electric strength during manufacturing, using a test 
voltage of 1,5 kV. 

It is permitted to bridge this insulation with a capacitor complying with 
EN 60384-14:2005, subclass Y2. 

A capacitor classified Y3 according to EN 60384-14:2005, may bridge this insulation 
under the following conditions: 

¶ the insulation requirements are satisfied by having a capacitor classified Y3 as 
defined by EN 60384-14, which in addition to the Y3 testing, is tested with an 
impulse test of 2,5 kV defined in 5.4.11; 

¶ the additional testing shall be performed on all the test specimens as described in 
EN 60384-14; 

the impulse test of 2,5 kV is to be performed before the endurance test in EN 60384-14, 
in the sequence of tests as described in EN 60384-14.  

5.5.2.1 Norway 

 After the 3rd paragraph the following is added: 

Due to the IT power system used, capacitors are required to be rated for the 
applicable line-to-line voltage (230 V). 

5.5.6 Finland, Norway and Sweden 

 To the end of the subclause the following is added: 

Resistors used as basic safeguard or bridging basic insulation in class I pluggable 
equipment type A shall comply with G.10.1 and the test of G.10.2. 

5.6.1 Denmark 
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Clause Special national condition 

 To the end of the subclause the following is added: 

For separation of the telecommunication network from earth the following is applicable: 

If this insulation is solid, including insulation forming part of a component, it shall at least 
consist of either 

¶ two layers of thin sheet material, each of which shall pass the electric strength test 
below, or  

¶ one layer having a distance through insulation of at least 0,4 mm, which shall pass 
the electric strength test below. 

If this insulation forms part of a semiconductor component (e.g. an optocoupler), there is 
no distance through insulation requirement for the insulation consisting of an insulating 
compound completely filling the casing, so that clearances and creepage distances do 
not exist, if the component passes the electric strength test in accordance with the 
compliance clause below and in addition 

¶ passes the tests and inspection criteria of 5.4.8 with an electric strength test of 
1,5 kV multiplied by 1,6 (the electric strength test of 5.4.9 shall be performed using 
1,5 kV), and  

¶ is subject to routine testing for electric strength during manufacturing, using a test 
voltage of 1,5 kV. 

It is permitted to bridge this insulation with a capacitor complying with 
EN 60384-14:2005, subclass Y2. 

A capacitor classified Y3 according to EN 60384-14:2005, may bridge this insulation 
under the following conditions: 

¶ the insulation requirements are satisfied by having a capacitor classified Y3 as 
defined by EN 60384-14, which in addition to the Y3 testing, is tested with an 
impulse test of 2,5 kV defined in 5.4.11; 

¶ the additional testing shall be performed on all the test specimens as described in 
EN 60384-14; 

the impulse test of 2,5 kV is to be performed before the endurance test in EN 60384-14, 
in the sequence of tests as described in EN 60384-14.  

5.5.2.1 Norway 

 After the 3rd paragraph the following is added: 

Due to the IT power system used, capacitors are required to be rated for the 
applicable line-to-line voltage (230 V). 

5.5.6 Finland, Norway and Sweden 

 To the end of the subclause the following is added: 

Resistors used as basic safeguard or bridging basic insulation in class I pluggable 
equipment type A shall comply with G.10.1 and the test of G.10.2. 

5.6.1 Denmark 
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Clause Special national condition 

 To the end of the subclause the following is added: 

For separation of the telecommunication network from earth the following is applicable: 

If this insulation is solid, including insulation forming part of a component, it shall at least 
consist of either 

¶ two layers of thin sheet material, each of which shall pass the electric strength test 
below, or  

¶ one layer having a distance through insulation of at least 0,4 mm, which shall pass 
the electric strength test below. 

If this insulation forms part of a semiconductor component (e.g. an optocoupler), there is 
no distance through insulation requirement for the insulation consisting of an insulating 
compound completely filling the casing, so that clearances and creepage distances do 
not exist, if the component passes the electric strength test in accordance with the 
compliance clause below and in addition 

¶ passes the tests and inspection criteria of 5.4.8 with an electric strength test of 
1,5 kV multiplied by 1,6 (the electric strength test of 5.4.9 shall be performed using 
1,5 kV), and  

¶ is subject to routine testing for electric strength during manufacturing, using a test 
voltage of 1,5 kV. 

It is permitted to bridge this insulation with a capacitor complying with 
EN 60384-14:2005, subclass Y2. 

A capacitor classified Y3 according to EN 60384-14:2005, may bridge this insulation 
under the following conditions: 

¶ the insulation requirements are satisfied by having a capacitor classified Y3 as 
defined by EN 60384-14, which in addition to the Y3 testing, is tested with an 
impulse test of 2,5 kV defined in 5.4.11; 

¶ the additional testing shall be performed on all the test specimens as described in 
EN 60384-14; 

the impulse test of 2,5 kV is to be performed before the endurance test in EN 60384-14, 
in the sequence of tests as described in EN 60384-14.  

5.5.2.1 Norway 

 After the 3rd paragraph the following is added: 

Due to the IT power system used, capacitors are required to be rated for the 
applicable line-to-line voltage (230 V). 

5.5.6 Finland, Norway and Sweden 

 To the end of the subclause the following is added: 

Resistors used as basic safeguard or bridging basic insulation in class I pluggable 
equipment type A shall comply with G.10.1 and the test of G.10.2. 

5.6.1 Denmark 
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Clause Special national condition 

 To the end of the subclause the following is added: 

For separation of the telecommunication network from earth the following is applicable: 

If this insulation is solid, including insulation forming part of a component, it shall at least 
consist of either 

¶ two layers of thin sheet material, each of which shall pass the electric strength test 
below, or  

¶ one layer having a distance through insulation of at least 0,4 mm, which shall pass 
the electric strength test below. 

If this insulation forms part of a semiconductor component (e.g. an optocoupler), there is 
no distance through insulation requirement for the insulation consisting of an insulating 
compound completely filling the casing, so that clearances and creepage distances do 
not exist, if the component passes the electric strength test in accordance with the 
compliance clause below and in addition 

¶ passes the tests and inspection criteria of 5.4.8 with an electric strength test of 
1,5 kV multiplied by 1,6 (the electric strength test of 5.4.9 shall be performed using 
1,5 kV), and  

¶ is subject to routine testing for electric strength during manufacturing, using a test 
voltage of 1,5 kV. 

It is permitted to bridge this insulation with a capacitor complying with 
EN 60384-14:2005, subclass Y2. 

A capacitor classified Y3 according to EN 60384-14:2005, may bridge this insulation 
under the following conditions: 

¶ the insulation requirements are satisfied by having a capacitor classified Y3 as 
defined by EN 60384-14, which in addition to the Y3 testing, is tested with an 
impulse test of 2,5 kV defined in 5.4.11; 

¶ the additional testing shall be performed on all the test specimens as described in 
EN 60384-14; 

the impulse test of 2,5 kV is to be performed before the endurance test in EN 60384-14, 
in the sequence of tests as described in EN 60384-14.  

5.5.2.1 Norway 

 After the 3rd paragraph the following is added: 

Due to the IT power system used, capacitors are required to be rated for the 
applicable line-to-line voltage (230 V). 

5.5.6 Finland, Norway and Sweden 

 To the end of the subclause the following is added: 

Resistors used as basic safeguard or bridging basic insulation in class I pluggable 
equipment type A shall comply with G.10.1 and the test of G.10.2. 

5.6.1 Denmark 

BS EN 62368-1:2014
EN 62368-1:2014 - 16 - 

Clause Special national condition 

 Add to the end of the subclause 

Due to many existing installations where the socket-outlets can be protected with 
fuses with higher rating than the rating of the socket-outlets the protection for 
pluggable equipment type A shall be an integral part of the equipment. 

Justification: 
In Denmark an existing 13 A socket outlet can be protected by a 20 A fuse. 

 Ireland and United Kingdom 

5.6.4.2.1 After the indent for pluggable equipment type A, the following is added: 

– the protective current rating is taken to be 13 A, this being the largest rating 
of fuse used in the mains plug. 

5.6.5.1 To the second paragraph the following is added: 

The range of conductor sizes of flexible cords to be accepted by terminals for 
equipment with a rated current over 10 A and up to and including 13 A is: 

1,25 mm2 to 1,5 mm2 in cross-sectional area. 

5.7.5 Denmark 

 To the end of the subclause the following is added: 

The installation instruction shall be affixed to the equipment if the protective 
conductor current exceeds the limits of 3,5 mA a.c. or 10 mA d.c. 
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Clause Special national condition 

5.7.6.1 Norway and Sweden 

 To the end of the subclause the following is added: 

The screen of the television distribution system is normally not earthed at the entrance 
of the building and there is normally no equipotential bonding system within the 
building. Therefore the protective earthing of the building installation needs to be 
isolated from the screen of a cable distribution system.  

It is however accepted to provide the insulation external to the equipment by an 
adapter or an interconnection cable with galvanic isolator, which may be provided by a 
retailer, for example. 

The user manual shall then have the following or similar information in Norwegian and 
Swedish language respectively, depending on in what country the equipment is 
intended to be used in: 

“Apparatus connected to the protective earthing of the building installation through the 
mains connection or through other apparatus with a connection to protective earthing 
– and to a television distribution system using coaxial cable, may in some 
circumstances create a fire hazard. Connection to a television distribution system 
therefore has to be provided through a device providing electrical isolation below a 
certain frequency range (galvanic isolator, see EN 60728-11)”  

NOTE In Norway, due to regulation for CATV-installations, and in Sweden, a galvanic isolator shall provide 
electrical insulation below 5 MHz. The insulation shall withstand a dielectric strength of 1,5 kV r.m.s., 50 Hz 
or 60 Hz, for 1 min. 

Translation to Norwegian (the Swedish text will also be accepted in Norway):  

“Apparater som er koplet til beskyttelsesjord via nettplugg og/eller via annet 
jordtilkoplet utstyr – og er tilkoplet et koaksialbasert kabel-TV nett, kan forårsake 
brannfare. For å unngå dette skal det ved tilkopling av apparater til kabel-TV nett 
installeres en galvanisk isolator mellom apparatet og kabel-TV nettet.”  

Translation to Swedish:  

”Apparater som är kopplad till skyddsjord via jordat vägguttag och/eller via annan 
utrustning och samtidigt är kopplad till kabel-TV nªt kan i vissa fall medfŖra risk fŖr 
brand. FŖr att undvika detta skall vid anslutning av apparaten till kabel-TV nät 
galvanisk isolator finnas mellan apparaten och kabel-TV nätet.”. 

5.7.6.2 Denmark 

 To the end of the subclause the following is added: 

The warning (marking safeguard) for high touch current is required if the touch current 
or the protective current exceed the limits of 3,5 mA . 
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Clause Special national condition 

5.7.6.1 Norway and Sweden 

 To the end of the subclause the following is added: 

The screen of the television distribution system is normally not earthed at the entrance 
of the building and there is normally no equipotential bonding system within the 
building. Therefore the protective earthing of the building installation needs to be 
isolated from the screen of a cable distribution system.  

It is however accepted to provide the insulation external to the equipment by an 
adapter or an interconnection cable with galvanic isolator, which may be provided by a 
retailer, for example. 

The user manual shall then have the following or similar information in Norwegian and 
Swedish language respectively, depending on in what country the equipment is 
intended to be used in: 

“Apparatus connected to the protective earthing of the building installation through the 
mains connection or through other apparatus with a connection to protective earthing 
– and to a television distribution system using coaxial cable, may in some 
circumstances create a fire hazard. Connection to a television distribution system 
therefore has to be provided through a device providing electrical isolation below a 
certain frequency range (galvanic isolator, see EN 60728-11)”  

NOTE In Norway, due to regulation for CATV-installations, and in Sweden, a galvanic isolator shall provide 
electrical insulation below 5 MHz. The insulation shall withstand a dielectric strength of 1,5 kV r.m.s., 50 Hz 
or 60 Hz, for 1 min. 

Translation to Norwegian (the Swedish text will also be accepted in Norway):  

“Apparater som er koplet til beskyttelsesjord via nettplugg og/eller via annet 
jordtilkoplet utstyr – og er tilkoplet et koaksialbasert kabel-TV nett, kan forårsake 
brannfare. For å unngå dette skal det ved tilkopling av apparater til kabel-TV nett 
installeres en galvanisk isolator mellom apparatet og kabel-TV nettet.”  

Translation to Swedish:  

”Apparater som är kopplad till skyddsjord via jordat vägguttag och/eller via annan 
utrustning och samtidigt är kopplad till kabel-TV nªt kan i vissa fall medfŖra risk fŖr 
brand. FŖr att undvika detta skall vid anslutning av apparaten till kabel-TV nät 
galvanisk isolator finnas mellan apparaten och kabel-TV nätet.”. 

5.7.6.2 Denmark 

 To the end of the subclause the following is added: 

The warning (marking safeguard) for high touch current is required if the touch current 
or the protective current exceed the limits of 3,5 mA . 
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Clause Special national condition 

5.7.6.1 Norway and Sweden 

 To the end of the subclause the following is added: 

The screen of the television distribution system is normally not earthed at the entrance 
of the building and there is normally no equipotential bonding system within the 
building. Therefore the protective earthing of the building installation needs to be 
isolated from the screen of a cable distribution system.  

It is however accepted to provide the insulation external to the equipment by an 
adapter or an interconnection cable with galvanic isolator, which may be provided by a 
retailer, for example. 

The user manual shall then have the following or similar information in Norwegian and 
Swedish language respectively, depending on in what country the equipment is 
intended to be used in: 

“Apparatus connected to the protective earthing of the building installation through the 
mains connection or through other apparatus with a connection to protective earthing 
– and to a television distribution system using coaxial cable, may in some 
circumstances create a fire hazard. Connection to a television distribution system 
therefore has to be provided through a device providing electrical isolation below a 
certain frequency range (galvanic isolator, see EN 60728-11)”  

NOTE In Norway, due to regulation for CATV-installations, and in Sweden, a galvanic isolator shall provide 
electrical insulation below 5 MHz. The insulation shall withstand a dielectric strength of 1,5 kV r.m.s., 50 Hz 
or 60 Hz, for 1 min. 

Translation to Norwegian (the Swedish text will also be accepted in Norway):  

“Apparater som er koplet til beskyttelsesjord via nettplugg og/eller via annet 
jordtilkoplet utstyr – og er tilkoplet et koaksialbasert kabel-TV nett, kan forårsake 
brannfare. For å unngå dette skal det ved tilkopling av apparater til kabel-TV nett 
installeres en galvanisk isolator mellom apparatet og kabel-TV nettet.”  

Translation to Swedish:  

”Apparater som är kopplad till skyddsjord via jordat vägguttag och/eller via annan 
utrustning och samtidigt är kopplad till kabel-TV nªt kan i vissa fall medfŖra risk fŖr 
brand. FŖr att undvika detta skall vid anslutning av apparaten till kabel-TV nät 
galvanisk isolator finnas mellan apparaten och kabel-TV nätet.”. 

5.7.6.2 Denmark 

 To the end of the subclause the following is added: 

The warning (marking safeguard) for high touch current is required if the touch current 
or the protective current exceed the limits of 3,5 mA . 
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Clause Special national condition 

5.7.6.1 Norway and Sweden 

 To the end of the subclause the following is added: 

The screen of the television distribution system is normally not earthed at the entrance 
of the building and there is normally no equipotential bonding system within the 
building. Therefore the protective earthing of the building installation needs to be 
isolated from the screen of a cable distribution system.  

It is however accepted to provide the insulation external to the equipment by an 
adapter or an interconnection cable with galvanic isolator, which may be provided by a 
retailer, for example. 

The user manual shall then have the following or similar information in Norwegian and 
Swedish language respectively, depending on in what country the equipment is 
intended to be used in: 

“Apparatus connected to the protective earthing of the building installation through the 
mains connection or through other apparatus with a connection to protective earthing 
– and to a television distribution system using coaxial cable, may in some 
circumstances create a fire hazard. Connection to a television distribution system 
therefore has to be provided through a device providing electrical isolation below a 
certain frequency range (galvanic isolator, see EN 60728-11)”  

NOTE In Norway, due to regulation for CATV-installations, and in Sweden, a galvanic isolator shall provide 
electrical insulation below 5 MHz. The insulation shall withstand a dielectric strength of 1,5 kV r.m.s., 50 Hz 
or 60 Hz, for 1 min. 

Translation to Norwegian (the Swedish text will also be accepted in Norway):  

“Apparater som er koplet til beskyttelsesjord via nettplugg og/eller via annet 
jordtilkoplet utstyr – og er tilkoplet et koaksialbasert kabel-TV nett, kan forårsake 
brannfare. For å unngå dette skal det ved tilkopling av apparater til kabel-TV nett 
installeres en galvanisk isolator mellom apparatet og kabel-TV nettet.”  

Translation to Swedish:  

”Apparater som är kopplad till skyddsjord via jordat vägguttag och/eller via annan 
utrustning och samtidigt är kopplad till kabel-TV nªt kan i vissa fall medfŖra risk fŖr 
brand. FŖr att undvika detta skall vid anslutning av apparaten till kabel-TV nät 
galvanisk isolator finnas mellan apparaten och kabel-TV nätet.”. 

5.7.6.2 Denmark 

 To the end of the subclause the following is added: 

The warning (marking safeguard) for high touch current is required if the touch current 
or the protective current exceed the limits of 3,5 mA . 
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Clause Special national condition 

B.3.1 and 
B.4 

Ireland and United Kingdom 

 The following is applicable: 

To protect against excessive currents and short-circuits in the primary circuit of direct 
plug-in equipment, tests according to Annexes B.3.1 and B.4 shall be conducted 
using an external miniature circuit breaker complying with EN 60898-1, Type B, rated 
32A.  If the equipment does not pass these tests, suitable protective devices shall be 
included as an integral part of the direct plug-in equipment, until the requirements of 
Annexes B.3.1 and B.4 are met 

G.4.2 Denmark 

 To the end of the subclause the following is added: 

Supply cords of single phase appliances having a rated current not exceeding 13 A 
shall be provided with a plug according to DS 60884-2-D1:2011. 

CLASS I EQUIPMENT provided with socket-outlets with earth contacts or which are intended to 
be used in locations where protection against indirect contact is required according to the wiring 
rules shall be provided with a plug in accordance with standard sheet DK 2-1a or DK 2-5a. 

If a single-phase equipment having a RATED CURRENT exceeding 13 A or if  a poly-phase 
equipment is provided with a supply cord with a plug, this plug shall be in accordance with  the 
standard sheets DK 6-1a  in DS 60884-2-D1 or EN 60309-2. 

Mains socket outlets intended for providing power to Class II apparatus with a rated 
current of 2,5 A shall be in accordance DS 60884-2-D1:2011 standard sheet 
DKA 1-4a. 

Other current rating socket outlets shall be in compliance with Standard Sheet 
DKA 1-3a or DKA 1-1c. 

Mains socket-outlets with earth shall be in compliance with DS 60884-2-D1:2011 
Standard Sheet DK 1-3a, DK 1-1c, DK1-1d, DK 1-5a or DK 1-7a 

Justification: 
Heavy Current Regulations, Section 6c 

G.4.2 United Kingdom 

 To the end of the subclause the following is added: 

The plug part of direct plug-in equipment shall be assessed to BS 1363: Part 1, 12.1, 
12.2, 12.3, 12.9, 12.11, 12.12, 12.13, 12.16, and 12.17, except that the test of 12.17 is 
performed at not less than 125 °C. Where the metal earth pin is replaced by an Insulated 
Shutter Opening Device (ISOD), the requirements of clauses 22.2 and 23 also apply. 
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Clause Special national condition 

G.7.1 United Kingdom 

 To the first paragraph the following is added: 

Equipment which is fitted with a flexible cable or cord and is designed to be connected 
to a mains socket conforming to BS 1363 by means of that flexible cable or cord shall 
be fitted with a ‘standard plug’ in accordance with the Plugs and Sockets etc (Safety) 
Regulations 1994, Statutory Instrument 1994 No. 1768, unless exempted by those 
regulations. 

NOTE "Standard plug" is defined in SI 1768:1994 and essentially means an approved plug conforming to 
BS 1363 or an approved conversion plug. 

G.7.1 Ireland 

 To the first paragraph the following is added: 

Apparatus which is fitted with a flexible cable or cord shall be provided with a plug in 
accordance with Statutory Instrument 525: 1997, “13 A Plugs and Conversion 
Adapters for Domestic Use Regulations: 1997. S.I. 525 provides for the recognition of 
a standard of another Member State which is equivalent to the relevant Irish Standard 

G.7.2 Ireland and United Kingdom 

 To the first paragraph the following is added: 

A power supply cord with a conductor of 1,25 mm2 is allowed for equipment which is 
rated over 10 A and up to and including 13 A. 
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Clause Special national condition 

G.7.1 United Kingdom 

 To the first paragraph the following is added: 

Equipment which is fitted with a flexible cable or cord and is designed to be connected 
to a mains socket conforming to BS 1363 by means of that flexible cable or cord shall 
be fitted with a ‘standard plug’ in accordance with the Plugs and Sockets etc (Safety) 
Regulations 1994, Statutory Instrument 1994 No. 1768, unless exempted by those 
regulations. 

NOTE "Standard plug" is defined in SI 1768:1994 and essentially means an approved plug conforming to 
BS 1363 or an approved conversion plug. 

G.7.1 Ireland 

 To the first paragraph the following is added: 

Apparatus which is fitted with a flexible cable or cord shall be provided with a plug in 
accordance with Statutory Instrument 525: 1997, “13 A Plugs and Conversion 
Adapters for Domestic Use Regulations: 1997. S.I. 525 provides for the recognition of 
a standard of another Member State which is equivalent to the relevant Irish Standard 

G.7.2 Ireland and United Kingdom 

 To the first paragraph the following is added: 

A power supply cord with a conductor of 1,25 mm2 is allowed for equipment which is 
rated over 10 A and up to and including 13 A. 
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Clause Special national condition 

G.7.1 United Kingdom 

 To the first paragraph the following is added: 

Equipment which is fitted with a flexible cable or cord and is designed to be connected 
to a mains socket conforming to BS 1363 by means of that flexible cable or cord shall 
be fitted with a ‘standard plug’ in accordance with the Plugs and Sockets etc (Safety) 
Regulations 1994, Statutory Instrument 1994 No. 1768, unless exempted by those 
regulations. 

NOTE "Standard plug" is defined in SI 1768:1994 and essentially means an approved plug conforming to 
BS 1363 or an approved conversion plug. 

G.7.1 Ireland 

 To the first paragraph the following is added: 

Apparatus which is fitted with a flexible cable or cord shall be provided with a plug in 
accordance with Statutory Instrument 525: 1997, “13 A Plugs and Conversion 
Adapters for Domestic Use Regulations: 1997. S.I. 525 provides for the recognition of 
a standard of another Member State which is equivalent to the relevant Irish Standard 

G.7.2 Ireland and United Kingdom 

 To the first paragraph the following is added: 

A power supply cord with a conductor of 1,25 mm2 is allowed for equipment which is 
rated over 10 A and up to and including 13 A. 
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Clause Special national condition 

G.7.1 United Kingdom 

 To the first paragraph the following is added: 

Equipment which is fitted with a flexible cable or cord and is designed to be connected 
to a mains socket conforming to BS 1363 by means of that flexible cable or cord shall 
be fitted with a ‘standard plug’ in accordance with the Plugs and Sockets etc (Safety) 
Regulations 1994, Statutory Instrument 1994 No. 1768, unless exempted by those 
regulations. 

NOTE "Standard plug" is defined in SI 1768:1994 and essentially means an approved plug conforming to 
BS 1363 or an approved conversion plug. 

G.7.1 Ireland 

 To the first paragraph the following is added: 

Apparatus which is fitted with a flexible cable or cord shall be provided with a plug in 
accordance with Statutory Instrument 525: 1997, “13 A Plugs and Conversion 
Adapters for Domestic Use Regulations: 1997. S.I. 525 provides for the recognition of 
a standard of another Member State which is equivalent to the relevant Irish Standard 

G.7.2 Ireland and United Kingdom 

 To the first paragraph the following is added: 

A power supply cord with a conductor of 1,25 mm2 is allowed for equipment which is 
rated over 10 A and up to and including 13 A. 
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Annex ZC 
(informative) 

 
A-deviations 

A-deviation: National deviation due to regulations, the alteration of which is for the time being outside 
the competence of the CEN/CENELEC national member.  

This European Standard falls under Directive 2006/95/EC. 

NOTE (from CEN/CENELEC IR Part 2:2011, 2.17): Where standards fall under EU Directives, it is the view of the Commission 
of the European Communities (OJ No C 59; 1982-03-09) that the effect of the decision of the Court of Justice in case 815/79 
Cremonini/Vrankovich (European Court Reports 1980, p. 3583) is that compliance with A-deviations is no longer mandatory and 
that the free movement of products complying with such a standard should not be restricted except under the safeguard 
procedure provided for in the relevant Directive. 

A-deviations in an EFTA-country are valid instead of the relevant provisions of the European 
Standard in that country until they have been removed. 

Add the following A-deviations: 

Clause National deviation 

10.5.2 Germany  

 The following requirement applies: 

For the operation of any cathode ray tube intended for the display of visual images 
operating at an acceleration voltage exceeding 40 kV, authorization is required, or 
application of type approval (Bauartzulassung) and marking. 

Justification: 
German ministerial decree against ionizing radiation (Röntgenverordnung), in force since 
2002-07-01, implementing the European Directive 96/29/EURATOM. 

NOTE  Contact address:  
Physikalisch-Technische Bundesanstalt, Bundesallee 100, D-38116 Braunschweig,  
Tel.: Int+49-531-592-6320, Internet: http://www.ptb.de 
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Clause National deviation 

F.1 Italy 

 The following requirements shall be fulfilled: 

¶ The power consumption in Watts (W) shall be indicated on TV receivers and in 
their instruction for use (Measurement according to EN 60555-2). 

 Note/Nota EN 60555-2 has since been replaced by IEC 60107-1:1997. 

¶ TV receivers shall be provided with an instruction for use, schematic diagrams 
and adjustments procedure in Italian language. 

¶ Marking for controls and terminals shall be in Italian language. Abbreviation and 
international symbols are allowed provided that they are explained in the 
instruction for use. 

¶ The ECC manufacturers are bound to issue a conformity declaration according to 
the above requirements in the instruction manual. The correct statement for 
conformity to be written in the instruction manual, shall be: 
Questo apparecchio è fabbricato nella CEE nel rispetto delle disposizioni del 
D.M. marzo 1992 ed è in particolare conforme alle prescrizioni dell’art. 1 dello 
stesso D.M. 

¶ The first importers of TV receivers manufactured outside EEC are bound to 
submit the TV receivers for previous conformity certification to the Italian Post 
Ministry (PP.TT). The TV receivers shall have on the backcover the certification 
number in the following form: 
D.M. 26/03/1992 xxxxx/xxxxx/S or T or pT 
S for stereo 
T for Teletext 
pT for retrofitable teletext 

 

Justification: 
Ministerial Decree of 26 March 1992 : National rules for television receivers trade. 
 
NOTE/NOTA:  Ministerial decree above contains additional, but not safety relevant requirements 
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Annex ZD 
(informative) 

 
IEC and CENELEC code designations for flexible cords 

 

Type of flexible cord Code designations 

IEC CENELEC 

PVC insulated cords   

Flat twin tinsel cord 60227 IEC 41 H03VH-Y 

Light polyvinyl chloride sheathed flexible cord 60227 IEC 52 H03VV-F 
H03VVH2-F 

Ordinary polyvinyl chloride sheathed flexible cord 60227 IEC 53 H05VV-F 
H05VVH2-F 

Rubber insulated cords   

Braided cord 60245 IEC 51 H03RT-F 

Ordinary tough rubber sheathed flexible cord 60245 IEC 53 H05RR-F 

Ordinary polychloroprene sheathed flexible cord 60245 IEC 57 H05RN-F 

Heavy polychloroprene sheathed flexible cord 60245 IEC 66 H07RN-F 

Cords having high flexibility   

Rubber insulated and sheathed cord 60245 IEC 86 H03RR-H 

Rubber insulated, crosslinked PVC sheathed cord 60245 IEC 87 H03RV4-H 

Crosslinked PVC insulated and sheathed cord 60245 IEC 88 H03V4V4-H 

Cords insulated and sheathed with halogen-free 
thermoplastic compounds 

  

Light halogen-free thermoplastic insulated and 
sheathed flexible cords 

 H03Z1Z1-F  
H03Z1Z1H2-F 

Ordinary halogen-free thermoplastic insulated and 
sheathed flexible cords 

 H05Z1Z1-F 
H05Z1Z1H2-F 
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INTRODUCTION 

0 Principles of this product safety standard 

0.1 Objective 

This part of IEC 62368 is a product safety standard that classifies energy sources, prescribes 
safeguards against those energy sources, and provides guidance on the application of, and 
requirements for, those safeguards. 

The prescribed safeguards are intended to reduce the likelihood of pain, injury and, in the 
case of fire, property damage. 

The objective of the INTRODUCTION is to help designers to understand the underlying 
principles of safety in order to design safe equipment. These principles are informative and 
not an alternative to the detailed requirements of this standard. 

0.2 Persons 

0.2.1 General 

This standard describes safeguards for the protection of three kinds of persons: the ordinary 
person, the instructed person, and the skilled person. This standard assumes that a 
person will not intentionally create conditions or situations that could cause pain or injury. 

NOTE In Australia, the work conducted by an instructed person or skilled person may require formal licensing 
from regulatory authorities. 

0.2.2 Ordinary person 

Ordinary person is the term applied to all persons other than instructed persons and 
skilled persons. Ordinary persons include not only users of the equipment, but also all 
persons who may have access to the equipment or who may be in the vicinity of the 
equipment. Under normal operating conditions or abnormal operating conditions, 
ordinary persons should not be exposed to parts comprising energy sources capable of 
causing pain or injury. Under a single fault condition, ordinary persons should not be 
exposed to parts comprising energy sources capable of causing injury. 

0.2.3 Instructed person 

Instructed person is a term applied to persons who have been instructed and trained by a 
skilled person, or who are supervised by a skilled person, to identify energy sources that 
may cause pain (see  Table 1) and to take precautions to avoid unintentional contact with or 
exposure to those energy sources. Under normal operating conditions, abnormal 
operating conditions or single fault conditions, instructed persons should not be exposed 
to parts comprising energy sources capable of causing injury. 

0.2.4 Skilled person 

Skilled person is a term applied to persons who have training or experience in the equipment 
technology, particularly in knowing the various energies and energy magnitudes used in the 
equipment. Skilled persons are expected to use their training and experience to recognize 
energy sources capable of causing pain or injury and to take action for protection from injury 
from those energies. Skilled persons should also be protected against unintentional contact 
or exposure to energy sources capable of causing injury. 

0.3 Model for pain and injury 

An energy source that causes pain or injury does so through the transfer of some form of 
energy to or from a body part. 
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This concept is represented by a three-block model (see Figure 1). 

 

 

 

Figure 1 – Three block model for pain and injury 

This safety standard specifies three classes of energy sources defined by magnitudes and 
durations of source parameters relative to either the body or to combustible material 
responses to those energy sources. Each energy class (see 4.2) is a function of the body part 
or the combustible material susceptibility to that energy magnitude (see Table 1). 

Table 1 – Response to energy class 

Energy source Effect on the body  Effect on combustible materials 

Class 1 Not painful, but may be detectable Ignition not likely 

Class 2 Painful, but not an injury Ignition possible, but limited growth and spread of fire  

Class 3 Injury Ignition likely, rapid growth and spread of fire 

The energy threshold for pain or injury is not constant throughout the population. For 
example, for some energy sources, the threshold is a function of body mass; the lower the 
mass, the lower the threshold, and vice-versa. Other body variables include age, state of 
health, state of emotions, effect of drugs, skin characteristics, etc. Furthermore, even where 
outward appearances otherwise appear equal, individuals differ in their thresholds of 
susceptibility to the same energy source. 

The effect of duration of energy transfer is a function of the specific energy form. For 
example, pain or injury from thermal energy can be very short (1 s) for high skin temperature, 
or very long (several hours) for low skin temperature. 

Furthermore, the pain or injury may occur some considerable time after the transfer of energy 
to a body part. For example, pain or injury from some chemical or physiological reaction may 
not be manifested for days, weeks, months, or years. 

0.4 Energy sources 

Energy sources are addressed by this standard, together with the pain or injury that results 
from a transfer of that energy to the body, and the likelihood of property damage that results 
from fire escaping the equipment. 

An electrical product is connected to an electrical energy source (for example, the mains), an 
external power supply, or a battery. An electrical product uses the electrical energy to 
perform its intended functions. 

In the process of using electrical energy, the product transforms the electrical energy into 
other forms of energy (for example, thermal energy, kinetic energy, optical energy, audio 
energy, electromagnetic energy, etc.). Some energy transformations may be a deliberate part 
of the product function (for example, moving parts of a printer, images on a visual display unit, 
sound from a speaker, etc.). Some energy transformations may be a by-product of the product 
function (for example, heat dissipated by functional circuits, x-radiation from a cathode-ray 
tube, etc.). 

Energy source 
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outward appearances otherwise appear equal, individuals differ in their thresholds of 
susceptibility to the same energy source. 

The effect of duration of energy transfer is a function of the specific energy form. For 
example, pain or injury from thermal energy can be very short (1 s) for high skin temperature, 
or very long (several hours) for low skin temperature. 

Furthermore, the pain or injury may occur some considerable time after the transfer of energy 
to a body part. For example, pain or injury from some chemical or physiological reaction may 
not be manifested for days, weeks, months, or years. 

0.4 Energy sources 

Energy sources are addressed by this standard, together with the pain or injury that results 
from a transfer of that energy to the body, and the likelihood of property damage that results 
from fire escaping the equipment. 

An electrical product is connected to an electrical energy source (for example, the mains), an 
external power supply, or a battery. An electrical product uses the electrical energy to 
perform its intended functions. 

In the process of using electrical energy, the product transforms the electrical energy into 
other forms of energy (for example, thermal energy, kinetic energy, optical energy, audio 
energy, electromagnetic energy, etc.). Some energy transformations may be a deliberate part 
of the product function (for example, moving parts of a printer, images on a visual display unit, 
sound from a speaker, etc.). Some energy transformations may be a by-product of the product 
function (for example, heat dissipated by functional circuits, x-radiation from a cathode-ray 
tube, etc.). 
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This concept is represented by a three-block model (see Figure 1). 

 

 

 

Figure 1 – Three block model for pain and injury 
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This concept is represented by a three-block model (see Figure 1). 

 

 

 

Figure 1 – Three block model for pain and injury 

This safety standard specifies three classes of energy sources defined by magnitudes and 
durations of source parameters relative to either the body or to combustible material 
responses to those energy sources. Each energy class (see 4.2) is a function of the body part 
or the combustible material susceptibility to that energy magnitude (see Table 1). 

Table 1 – Response to energy class 

Energy source Effect on the body  Effect on combustible materials 

Class 1 Not painful, but may be detectable Ignition not likely 

Class 2 Painful, but not an injury Ignition possible, but limited growth and spread of fire  

Class 3 Injury Ignition likely, rapid growth and spread of fire 

The energy threshold for pain or injury is not constant throughout the population. For 
example, for some energy sources, the threshold is a function of body mass; the lower the 
mass, the lower the threshold, and vice-versa. Other body variables include age, state of 
health, state of emotions, effect of drugs, skin characteristics, etc. Furthermore, even where 
outward appearances otherwise appear equal, individuals differ in their thresholds of 
susceptibility to the same energy source. 

The effect of duration of energy transfer is a function of the specific energy form. For 
example, pain or injury from thermal energy can be very short (1 s) for high skin temperature, 
or very long (several hours) for low skin temperature. 

Furthermore, the pain or injury may occur some considerable time after the transfer of energy 
to a body part. For example, pain or injury from some chemical or physiological reaction may 
not be manifested for days, weeks, months, or years. 

0.4 Energy sources 

Energy sources are addressed by this standard, together with the pain or injury that results 
from a transfer of that energy to the body, and the likelihood of property damage that results 
from fire escaping the equipment. 

An electrical product is connected to an electrical energy source (for example, the mains), an 
external power supply, or a battery. An electrical product uses the electrical energy to 
perform its intended functions. 

In the process of using electrical energy, the product transforms the electrical energy into 
other forms of energy (for example, thermal energy, kinetic energy, optical energy, audio 
energy, electromagnetic energy, etc.). Some energy transformations may be a deliberate part 
of the product function (for example, moving parts of a printer, images on a visual display unit, 
sound from a speaker, etc.). Some energy transformations may be a by-product of the product 
function (for example, heat dissipated by functional circuits, x-radiation from a cathode-ray 
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Some products may use energy sources that are non-electrical energy sources such as 
batteries, moving parts, or chemicals, etc. The energy in these other sources may be 
transferred to or from a body part, or may be transformed into other energy forms (for 
example, a battery transforms chemical energy into electrical energy, or a moving body part 
transfers its kinetic energy to a sharp edge). 

Examples of the types of energy forms and the associated injuries and property damage 
addressed in this standard are in Table 2. 

Table 2 – Examples of body response or property damage related to energy sources 

Forms of energy Examples of body response or property 
damage Clause 

Electrical energy 

(for example, energized conductive parts) 
Pain, fibrillation, cardiac arrest, respiratory 
arrest, skin burn, or internal organ burn 5 

Thermal energy 

(for example, electrical ignition and spread of 
fire)  

Electrically-caused fire leading to burn-related 
pain or injury, or property damage 6 

Chemical reaction 

(for example, electrolyte, poison) 
Skin damage, organ damage, or poisoning 7 

Kinetic energy 

(for example, moving parts of equipment, or a 
moving body part against an equipment part) 

Laceration, puncture, abrasion, contusion, 
crush, amputation, or loss of a limb, eye, ear, 
etc.  

8 

Thermal energy 

(for example, hot accessible parts) 
Skin burn 9 

Radiated energy 

(for example, electromagnetic energy, optical 
energy, acoustic energy) 

Loss of sight, skin burn, or loss of hearing 10 

0.5 Safeguards 

0.5.1 General 

Many products necessarily use energy capable of causing pain or injury. Product design 
cannot eliminate such energy use. Consequently, such products should use a scheme that 
reduces the likelihood of such energy being transferred to a body part. The scheme that 
reduces the likelihood of energy transfer to a body part is a safeguard (see Figure 2). 

 

Figure 2 – Three block model for safety 

A safeguard is a device or scheme or system that 

– is interposed between an energy source capable of causing pain or injury and a body part, 
and 

– reduces the likelihood of transfer of energy capable of causing pain or injury to a body 
part. 
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NOTE Safeguard mechanisms against transfer of energy capable of causing pain or injury include: 

– attenuating the energy (reduces the value of the energy); or 

– impeding the energy (slows the rate of energy transfer); or 

– diverting the energy (changes the energy direction); or 

– disconnecting, interrupting, or disabling the energy source; or 

– enveloping the energy source (reduces the likelihood of the energy from escaping); or 

– interposing a barrier between a body part and the energy source. 

A safeguard can be applied to the equipment, to the local installation, to a person or can be a 
learned or directed behaviour (for example, resulting from an instructional safeguard) 
intended to reduce the likelihood of transfer of energy capable of causing pain or injury. A 
safeguard may be a single element or may be a set of elements. 

Generally, the order of preference for providing safeguards is: 

– equipment safeguards are always useful, since they do not require any knowledge or 
actions by persons coming into contact with the equipment; 

– installation safeguards are useful when a safety characteristic can only be provided 
after installation (for example, the equipment has to be bolted to the floor to provide 
stability); 

– behavioural safeguards are useful when the equipment requires an energy source to be 
accessible. 

In practice, safeguard selection accounts for the nature of the energy source, the intended 
user, the functional requirements of the equipment, and similar considerations. 

0.5.2 Equipment safeguard 

An equipment safeguard may be a basic safeguard, a supplementary safeguard, a 
double safeguard, or a reinforced safeguard. 

0.5.3 Installation safeguard 

Installation safeguards are not controlled by the equipment manufacturer, although in some 
cases, installation safeguards may be specified in the equipment installation instructions. 

Generally, with respect to equipment, an installation safeguard is a supplementary 
safeguard. 

NOTE For example, the protective earthing supplementary safeguard is located partly in the equipment and 
partly in the installation. The protective earthing supplementary safeguard is not effective until the equipment is 
connected to the installation. 

Requirements for installation safeguards are not addressed in this standard. However, this 
standard does assume some installation safeguards, such as protective earthing, are in 
place and are effective. 

0.5.4 Personal safeguard 

A personal safeguard may be a basic safeguard, a supplementary safeguard, or a 
reinforced safeguard. 

Requirements for personal safeguards are not addressed in this standard. However, this 
standard does assume that personal safeguards are available for use as specified by the 
manufacturer. 
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NOTE Safeguard mechanisms against transfer of energy capable of causing pain or injury include: 

– attenuating the energy (reduces the value of the energy); or 

– impeding the energy (slows the rate of energy transfer); or 

– diverting the energy (changes the energy direction); or 

– disconnecting, interrupting, or disabling the energy source; or 

– enveloping the energy source (reduces the likelihood of the energy from escaping); or 

– interposing a barrier between a body part and the energy source. 

A safeguard can be applied to the equipment, to the local installation, to a person or can be a 
learned or directed behaviour (for example, resulting from an instructional safeguard) 
intended to reduce the likelihood of transfer of energy capable of causing pain or injury. A 
safeguard may be a single element or may be a set of elements. 

Generally, the order of preference for providing safeguards is: 

– equipment safeguards are always useful, since they do not require any knowledge or 
actions by persons coming into contact with the equipment; 

– installation safeguards are useful when a safety characteristic can only be provided 
after installation (for example, the equipment has to be bolted to the floor to provide 
stability); 

– behavioural safeguards are useful when the equipment requires an energy source to be 
accessible. 

In practice, safeguard selection accounts for the nature of the energy source, the intended 
user, the functional requirements of the equipment, and similar considerations. 

0.5.2 Equipment safeguard 

An equipment safeguard may be a basic safeguard, a supplementary safeguard, a 
double safeguard, or a reinforced safeguard. 

0.5.3 Installation safeguard 

Installation safeguards are not controlled by the equipment manufacturer, although in some 
cases, installation safeguards may be specified in the equipment installation instructions. 

Generally, with respect to equipment, an installation safeguard is a supplementary 
safeguard. 

NOTE For example, the protective earthing supplementary safeguard is located partly in the equipment and 
partly in the installation. The protective earthing supplementary safeguard is not effective until the equipment is 
connected to the installation. 

Requirements for installation safeguards are not addressed in this standard. However, this 
standard does assume some installation safeguards, such as protective earthing, are in 
place and are effective. 

0.5.4 Personal safeguard 

A personal safeguard may be a basic safeguard, a supplementary safeguard, or a 
reinforced safeguard. 

Requirements for personal safeguards are not addressed in this standard. However, this 
standard does assume that personal safeguards are available for use as specified by the 
manufacturer. 
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NOTE Safeguard mechanisms against transfer of energy capable of causing pain or injury include: 

– attenuating the energy (reduces the value of the energy); or 

– impeding the energy (slows the rate of energy transfer); or 

– diverting the energy (changes the energy direction); or 

– disconnecting, interrupting, or disabling the energy source; or 

– enveloping the energy source (reduces the likelihood of the energy from escaping); or 

– interposing a barrier between a body part and the energy source. 

A safeguard can be applied to the equipment, to the local installation, to a person or can be a 
learned or directed behaviour (for example, resulting from an instructional safeguard) 
intended to reduce the likelihood of transfer of energy capable of causing pain or injury. A 
safeguard may be a single element or may be a set of elements. 

Generally, the order of preference for providing safeguards is: 

– equipment safeguards are always useful, since they do not require any knowledge or 
actions by persons coming into contact with the equipment; 

– installation safeguards are useful when a safety characteristic can only be provided 
after installation (for example, the equipment has to be bolted to the floor to provide 
stability); 

– behavioural safeguards are useful when the equipment requires an energy source to be 
accessible. 

In practice, safeguard selection accounts for the nature of the energy source, the intended 
user, the functional requirements of the equipment, and similar considerations. 

0.5.2 Equipment safeguard 

An equipment safeguard may be a basic safeguard, a supplementary safeguard, a 
double safeguard, or a reinforced safeguard. 

0.5.3 Installation safeguard 

Installation safeguards are not controlled by the equipment manufacturer, although in some 
cases, installation safeguards may be specified in the equipment installation instructions. 

Generally, with respect to equipment, an installation safeguard is a supplementary 
safeguard. 

NOTE For example, the protective earthing supplementary safeguard is located partly in the equipment and 
partly in the installation. The protective earthing supplementary safeguard is not effective until the equipment is 
connected to the installation. 

Requirements for installation safeguards are not addressed in this standard. However, this 
standard does assume some installation safeguards, such as protective earthing, are in 
place and are effective. 

0.5.4 Personal safeguard 

A personal safeguard may be a basic safeguard, a supplementary safeguard, or a 
reinforced safeguard. 

Requirements for personal safeguards are not addressed in this standard. However, this 
standard does assume that personal safeguards are available for use as specified by the 
manufacturer. 
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NOTE Safeguard mechanisms against transfer of energy capable of causing pain or injury include: 

– attenuating the energy (reduces the value of the energy); or 

– impeding the energy (slows the rate of energy transfer); or 

– diverting the energy (changes the energy direction); or 

– disconnecting, interrupting, or disabling the energy source; or 

– enveloping the energy source (reduces the likelihood of the energy from escaping); or 

– interposing a barrier between a body part and the energy source. 

A safeguard can be applied to the equipment, to the local installation, to a person or can be a 
learned or directed behaviour (for example, resulting from an instructional safeguard) 
intended to reduce the likelihood of transfer of energy capable of causing pain or injury. A 
safeguard may be a single element or may be a set of elements. 

Generally, the order of preference for providing safeguards is: 

– equipment safeguards are always useful, since they do not require any knowledge or 
actions by persons coming into contact with the equipment; 

– installation safeguards are useful when a safety characteristic can only be provided 
after installation (for example, the equipment has to be bolted to the floor to provide 
stability); 

– behavioural safeguards are useful when the equipment requires an energy source to be 
accessible. 

In practice, safeguard selection accounts for the nature of the energy source, the intended 
user, the functional requirements of the equipment, and similar considerations. 

0.5.2 Equipment safeguard 

An equipment safeguard may be a basic safeguard, a supplementary safeguard, a 
double safeguard, or a reinforced safeguard. 

0.5.3 Installation safeguard 

Installation safeguards are not controlled by the equipment manufacturer, although in some 
cases, installation safeguards may be specified in the equipment installation instructions. 

Generally, with respect to equipment, an installation safeguard is a supplementary 
safeguard. 

NOTE For example, the protective earthing supplementary safeguard is located partly in the equipment and 
partly in the installation. The protective earthing supplementary safeguard is not effective until the equipment is 
connected to the installation. 

Requirements for installation safeguards are not addressed in this standard. However, this 
standard does assume some installation safeguards, such as protective earthing, are in 
place and are effective. 
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0.5.5 Behavioural safeguards 

0.5.5.1 Introduction to behavioural safeguards 

In the absence of an equipment, installation, or personal safeguard, a person may use a 
specific behaviour as a safeguard to avoid energy transfer and consequent injury. A 
behavioural safeguard is a voluntary or instructed behaviour intended to reduce the likelihood 
of transfer of energy to a body part. 

Three kinds of behavioural safeguards are specified in this standard. Each kind of 
behavioural safeguard is associated with a specific kind of person. An instructional 
safeguard is usually addressed to an ordinary person, but may also be addressed to an 
instructed person or a skilled person. A precautionary safeguard is used by an 
instructed person. A skill safeguard is used by a skilled person. 

0.5.5.2 Instructional safeguard  

An instructional safeguard is a means of providing information, describing the existence and 
location of an energy source capable of causing pain or injury, and is intended to invoke a 
specific behaviour on the part of a person to reduce the likelihood of transfer of energy to a 
body part (see Annex F). 

An instructional safeguard may be a visual indicator (symbols or words or both) or an 
audible message, as applicable to the expected use of the product. 

When accessing locations where the equipment needs to be energized to perform a service 
activity, an instructional safeguard may be considered acceptable protection to bypass an 
equipment safeguard such that the person is made aware of how to avoid contact with a 
class 2 or class 3 energy source. 

If equipment safeguards would interfere with or prohibit the equipment function, an 
instructional safeguard may replace an equipment safeguard. 

If exposure to an energy source capable of causing pain or injury is essential to the correct 
functioning of equipment, an instructional safeguard may be used to ensure protection of 
persons instead of another safeguard. Consideration should be given as to whether the 
instructional safeguard should require the use of a personal safeguard. 

Provision of an instructional safeguard does not result in an ordinary person becoming an 
instructed person (see 0.5.5.3). 

0.5.5.3 Precautionary safeguard (used by an instructed person) 

A precautionary safeguard is the training and experience or supervision of an instructed 
person by a skilled person to use precautions to protect the instructed person against 
class 2 energy sources. Precautionary safeguards are not specifically prescribed in this 
standard but are assumed to be effective when the term instructed person is used. 

During equipment servicing, an instructed person may need to remove or defeat an 
equipment safeguard. In this case, an instructed person is expected to then apply 
precaution as a safeguard to avoid injury. 

0.5.5.4 Skill safeguard (used by a skilled person) 

A skill safeguard is the education, training, knowledge and experience of the skilled person 
that is used to protect the skilled person against class 2 or class 3 energy sources. Skill 
safeguards are not specifically prescribed in this standard but are assumed to be effective 
when the term skilled person is used. 
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During equipment servicing, a skilled person may need to remove or defeat an equipment 
safeguard. In this case, a skilled person is expected to then apply skill as a safeguard to 
avoid injury. 

0.5.6 Safeguards during ordinary or instructed person service conditions 

During ordinary person or instructed person service conditions, safeguards for such 
persons may be necessary. Such safeguards can be equipment safeguards, personal 
safeguards, or instructional safeguards. 

0.5.7 Equipment safeguards during skilled person service conditions 

During skilled person service conditions, equipment safeguards should be provided to 
protect against the effects of a body's involuntary reaction (for example, startle) that might 
cause unintentional contact with a class 3 energy source located outside the view of the 
skilled person. 

NOTE This safeguard typically applies in large equipment, where the skilled person needs to partially or wholly 
enter between two or more class 3 energy source locations while servicing. 

0.5.8 Examples of safeguard characteristics 

Table 3  lists some examples of safeguard characteristics. 
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During equipment servicing, a skilled person may need to remove or defeat an equipment 
safeguard. In this case, a skilled person is expected to then apply skill as a safeguard to 
avoid injury. 

0.5.6 Safeguards during ordinary or instructed person service conditions 

During ordinary person or instructed person service conditions, safeguards for such 
persons may be necessary. Such safeguards can be equipment safeguards, personal 
safeguards, or instructional safeguards. 

0.5.7 Equipment safeguards during skilled person service conditions 

During skilled person service conditions, equipment safeguards should be provided to 
protect against the effects of a body's involuntary reaction (for example, startle) that might 
cause unintentional contact with a class 3 energy source located outside the view of the 
skilled person. 

NOTE This safeguard typically applies in large equipment, where the skilled person needs to partially or wholly 
enter between two or more class 3 energy source locations while servicing. 

0.5.8 Examples of safeguard characteristics 

Table 3  lists some examples of safeguard characteristics. 
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During equipment servicing, a skilled person may need to remove or defeat an equipment 
safeguard. In this case, a skilled person is expected to then apply skill as a safeguard to 
avoid injury. 

0.5.6 Safeguards during ordinary or instructed person service conditions 

During ordinary person or instructed person service conditions, safeguards for such 
persons may be necessary. Such safeguards can be equipment safeguards, personal 
safeguards, or instructional safeguards. 

0.5.7 Equipment safeguards during skilled person service conditions 

During skilled person service conditions, equipment safeguards should be provided to 
protect against the effects of a body's involuntary reaction (for example, startle) that might 
cause unintentional contact with a class 3 energy source located outside the view of the 
skilled person. 

NOTE This safeguard typically applies in large equipment, where the skilled person needs to partially or wholly 
enter between two or more class 3 energy source locations while servicing. 

0.5.8 Examples of safeguard characteristics 

Table 3  lists some examples of safeguard characteristics. 
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During equipment servicing, a skilled person may need to remove or defeat an equipment 
safeguard. In this case, a skilled person is expected to then apply skill as a safeguard to 
avoid injury. 

0.5.6 Safeguards during ordinary or instructed person service conditions 

During ordinary person or instructed person service conditions, safeguards for such 
persons may be necessary. Such safeguards can be equipment safeguards, personal 
safeguards, or instructional safeguards. 

0.5.7 Equipment safeguards during skilled person service conditions 

During skilled person service conditions, equipment safeguards should be provided to 
protect against the effects of a body's involuntary reaction (for example, startle) that might 
cause unintentional contact with a class 3 energy source located outside the view of the 
skilled person. 

NOTE This safeguard typically applies in large equipment, where the skilled person needs to partially or wholly 
enter between two or more class 3 energy source locations while servicing. 

0.5.8 Examples of safeguard characteristics 

Table 3  lists some examples of safeguard characteristics. 
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Table 3 – Examples of safeguard characteristics 

Safeguard Basic 
safeguard 

Supplementary 
safeguard 

Reinforced 
safeguard 

Equipment safeguard: 

a physical part of an 
equipment 

Effective under normal 
operating conditions 

 

 

Effective in the event of 
failure of the basic 
safeguard 

 

Effective under normal 
operating conditions 
and in the event of a 
single fault condition 
elsewhere in the 
equipment  

Example: basic 
insulation 

Example: 
supplementary 
insulation 

Example: reinforced 
insulation 

Example: normal 
temperatures below 
ignition temperatures 

Example: fire 
enclosure  

Not applicable 

Installation safeguard: 

a physical part of a 
man-made installation 

Effective under normal 
operating conditions  

Effective in the event of 
failure of an equipment 
basic safeguard 

Effective under normal 
operating conditions 
and in the event of a 
single fault condition 
elsewhere in the 
equipment 

Example: wire size Example: overcurrent 
protective device 

Example: socket outlet 

Personal safeguard: 

a physical device worn 
on the body 

 

In the absence of any 
equipment safeguard, 
effective under normal 
operating conditions  

Effective in the event of 
failure of an equipment 
basic safeguard 

In the absence of any 
equipment safeguard, 
effective under normal 
operating conditions 
and in the event of a 
single fault condition 
elsewhere in the 
equipment 

Example: gloves Example: insulating floor 
mat 

Example: electrically-
insulated glove for 
handling live conductors 

Instructional 
safeguard: 

a voluntary or instructed 
behaviour intended to 
reduce the likelihood of 
transfer of energy to a 
body part 

In the absence of any 
equipment safeguard, 
effective under normal 
operating conditions 

Effective in the event of 
failure of an equipment 
basic safeguard 

Only effective on an 
exceptional basis, when 
providing all appropriate 
safeguards would 
prevent the intended 
functioning of the 
equipment 

Example: instructional 
safeguard to disconnect 
telecommunication 
cable before opening 
the cover 

Example: after opening 
a door, an instructional 
safeguard against hot 
parts  

Example: instructional 
safeguard of hot parts 
in an office photocopier, 
or a continuous roll 
paper cutter on a 
commercial printer 

0.6 Electrically-caused pain or injury (electric shock) 

0.6.1 Models for electrically-caused pain or injury 

Electrically-caused pain or injury may occur when electrical energy capable of causing pain or 
injury is transferred to a body part (see Figure 3). 
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Electrical energy transfer occurs when there are two or more electrical contacts to the body: 

– the first electrical contact is between a body part and a conductive part of the equipment; 

– the second electrical contact is between another body part; and 

¶ earth, or 

¶ another conductive part of the equipment. 

 

 

Figure 3 – Schematic and model for electrically-caused pain or injury 

Depending on the magnitude, duration, wave shape, and frequency of the current, the effect 
to the human body varies from undetectable to detectable to painful to injurious. 

0.6.2 Models for protection against electrically-caused pain or injury 

Protection against electrically-caused pain or injury requires that one or more safeguards be 
interposed between an electrical energy source capable of causing pain or injury and a body 
part (see Figure 4). 

 

 

Figure 4 – Model for protection against electrically-caused pain or injury 
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Electrical energy transfer occurs when there are two or more electrical contacts to the body: 

– the first electrical contact is between a body part and a conductive part of the equipment; 

– the second electrical contact is between another body part; and 

¶ earth, or 

¶ another conductive part of the equipment. 
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Protection against electrically-caused pain is provided under normal operating conditions 
and abnormal operating conditions. Such protection requires that, under normal operating 
conditions and abnormal operating conditions, a basic safeguard be interposed between 
an electrical energy source capable of causing pain and an ordinary person. 

The most common basic safeguard against an electrical energy source capable of causing 
pain is electrical insulation (also known as basic insulation) interposed between the energy 
source and a body part. 

Protection against electrically-caused injury is provided under normal operating conditions, 
abnormal operating conditions, and single fault conditions. Such protection requires that, 
under normal operating conditions and abnormal operating conditions, both a basic 
safeguard and a supplementary safeguard be interposed between an electrical energy 
source capable of causing injury and an ordinary person (see 4.3.2.4), or an instructed 
person (see 4.3.3.3). In the event of a failure of either safeguard, the other safeguard 
becomes effective. The supplementary safeguard against an electrical energy source 
capable of causing injury is placed between the basic safeguard and a body part. A 
supplementary safeguard may be additional electrical insulation (supplementary 
insulation) or a protectively earthed conductive barrier or other construction that performs 
the same function. 

The most common safeguard against an electrical energy source capable of causing injury is 
electrical insulation (also known as double insulation or reinforced insulation) placed 
between the energy source and a body part. 

Likewise, a reinforced safeguard may be placed between an electrical energy source 
capable of causing injury and a body part. 

0.7 Electrically-caused fire 

0.7.1 Models for electrically-caused fire 

Electrically-caused fire is due to conversion of electrical energy to thermal energy (see 
Figure 5), where the thermal energy heats a fuel material followed by ignition and combustion. 

 

 

Figure 5 – Model for electrically-caused fire 
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0.7.2 Models for protection against electrically-caused fire 

The basic safeguard against electrically-caused fire (see Figure 6) is that the temperature of 
a material, under normal operating conditions and abnormal operating conditions, does 
not cause the material to ignite. 

The supplementary safeguard against electrically-caused fire reduces the likelihood of 
ignition or, in the case of ignition, reduces the likelihood of spread of fire. 
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0.9 Mechanically-caused injury 

Mechanically-caused injury is due to kinetic energy transfer to a body part when a collision 
occurs between a body part and an equipment part. The kinetic energy is a function of the 
relative motion between a body part and accessible parts of the equipment, including parts 
ejected from the equipment that collide with a body part. 

Examples of kinetic energy sources are: 

– body motion relative to sharp edges and corners; 

– part motion due to rotating or other moving parts, including pinch points; 

– part motion due to loosening, exploding, or imploding parts; 

– equipment motion due to instability; 

– equipment motion due to wall, ceiling, or rack mounting means failure; 

– equipment motion due to handle failure; 

– part motion due to an exploding battery; 

– equipment motion due to cart or stand instability or failure. 

The basic safeguard against mechanically-caused injury is a function of the specific energy 
source. Basic safeguards may include: 

– rounded edges and corners; 

– an enclosure to prevent a moving part from being accessible; 

– an enclosure to prevent expelling a moving part; 

– a safety interlock to control access to an otherwise moving part; 

– means to stop the motion of a moving part; 

– means to stabilize the equipment; 

– robust handles; 

– robust mounting means; 

– means to contain parts expelled during explosion or implosion. 

The supplementary safeguard against mechanically-caused injury is a function of the 
specific energy source. Supplementary safeguards may include: 

– instructional safeguards; 

– instructions and training; 

– additional enclosures or barriers; 

– safety interlocks. 

The reinforced safeguard against mechanically-caused injury is a function of the specific 
energy source. Reinforced safeguards may include: 

– extra thick glass on the front of a CRT; 

– rack slide-rails and means of support; 

– safety interlock. 

0.10 Thermally-caused injury (skin burn) 

0.10.1 Models for thermally-caused injury 

Thermally-caused injury may occur when thermal energy capable of causing injury is 
transferred to a body part (see Figure 7). 
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Thermal energy transfer occurs when a body touches a hot equipment part. The extent of 
injury depends on the temperature difference, the thermal mass of the object, rate of thermal 
energy transfer to the skin, and duration of contact. 

The requirements in this standard only address safeguards against thermal energy transfer 
by conduction. This standard does not address safeguards against thermal energy transfer 
by convection or radiation. 
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Figure 8 – Model for protection against thermally-caused injury 
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interposed between a thermal energy source capable of causing pain and an ordinary 
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abnormal operating conditions and single fault conditions. Such protection requires that a 
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source capable of causing injury and an ordinary person. 
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– control of electrical energy being converted to thermal energy (for example, a 
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thermal insulation placed between the energy source and a body part. In some cases, a 
supplementary safeguard against a thermal energy source capable of causing pain or injury 
may be an instructional safeguard identifying the hot parts and how to reduce the likelihood 
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0.11 Radiation-caused injury 
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following energy transfer mechanisms: 

– heating of a body organ caused by exposure to non-ionising radiation, such as the highly 
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The basic safeguard against radiation-caused injury is containment of the energy within an 
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There are several supplementary safeguards against radiation-caused injury. The 
supplementary safeguards may include safety interlocks to disconnect power to the 
generator, tamper-proof screws to prevent unauthorized access, etc. 

The basic safeguard against auditory injury is to limit the acoustic output of personal music 
players and their associated headphones and earphones. 

Examples of supplementary safeguards against auditory pain and injury are the provision of 
warnings and information advising the user how to use the equipment correctly.  
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AUDIO/VIDEO, INFORMATION AND COMMUNICATION  
TECHNOLOGY EQUIPMENT –  

 
Part 1: Safety requirements 

 
 
 

1 Scope 

This part of IEC 62368 is applicable to the safety of electrical and electronic equipment within 
the field of audio, video, information and communication technology, and business and office 
machines with a rated voltage not exceeding 600 V. This standard does not include 
requirements for performance or functional characteristics of equipment. 

NOTE 1 Examples of equipment within the scope of this standard are given in Annex A. 

NOTE 2 A rated voltage of 600 V is considered to include equipment rated 400/690 V.  

This part of IEC 62368 is also applicable to:  

– components and subassemblies intended for incorporation in this equipment. Such 
components and subassemblies need not comply with every requirement of the standard, 
provided that the complete equipment, incorporating such components and 
subassemblies, does comply;  

– external power supply units intended to supply other equipment within the scope of this 
part of IEC 62368;  

– accessories intended to be used with equipment within the scope of this part of 
IEC 62368.  

This part of IEC 62368 does not apply to power supply systems which are not an integral part 
of the equipment, such as motor-generator sets, battery backup systems and distribution 
transformers. 

This part of IEC 62328 specifies safeguards for ordinary persons, instructed persons, and 
skilled persons. Additional requirements may apply for equipment that is clearly designed or 
intended for use by children or specifically attractive to children. 

NOTE 3 In Australia, the work conducted by an instructed person or a skilled person may require formal 
licensing from regulatory authorities. 

This standard assumes an altitude of 2 000 m unless specified otherwise by the manufacturer. 

This part of IEC 62368 does not apply to equipment to be used in wet areas. Additional 
requirements may apply. 

Additional requirements for equipment intended for outdoor installation are given in 
IEC 60950-22. 

This part of IEC 62368 does not address: 

– manufacturing processes except safety testing; 

– injurious effects of gases released by thermal decomposition or combustion; 

– disposal processes; 

– effects of transport (other than as specified in this standard); 

– effects of storage of materials, components, or the equipment itself; 
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skilled persons. Additional requirements may apply for equipment that is clearly designed or 
intended for use by children or specifically attractive to children. 

NOTE 3 In Australia, the work conducted by an instructed person or a skilled person may require formal 
licensing from regulatory authorities. 

This standard assumes an altitude of 2 000 m unless specified otherwise by the manufacturer. 

This part of IEC 62368 does not apply to equipment to be used in wet areas. Additional 
requirements may apply. 

Additional requirements for equipment intended for outdoor installation are given in 
IEC 60950-22. 

This part of IEC 62368 does not address: 
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– injurious effects of gases released by thermal decomposition or combustion; 

– disposal processes; 

– effects of transport (other than as specified in this standard); 
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– the likelihood of injury from particulate radiation such as alpha particles and beta 
particles; 

– the likelihood of thermal injury due to radiated or convected thermal energy; 

– the likelihood of injury due to flammable liquids; 

– the use of the equipment in oxygen-enriched or explosive atmospheres; 

– exposure to chemicals other than as specified in Clause 7; 

– electrostatic discharge events; 

– environmental aspects; 

– requirements for functional safety. 

NOTE 4 For specific functional and software safety requirements of electronic safety-related systems (for 
example, protective electronic circuits), see IEC 61508-1. 

2 Normative references 

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

IEC 60027-1, Letter symbols to be used in electrical technology – Part 1: General 

IEC 60065, Audio, video and similar electronic apparatus – Safety requirements 

IEC 60068-2-6, Environmental testing – Part 2-6: Tests – Test Fc: Vibration (sinusoidal) 

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

IEC/TR 60083, Plugs and socket-outlets for domestic and similar general use standardized in 
member countries of IEC 

IEC 60085, Electrical insulation – Thermal evaluation and designation 

IEC 60086-4, Primary batteries – Part 4: Safety of lithium batteries 

IEC 60086-5, Primary batteries – Part 5: Safety of batteries with aqueous electrolyte 

IEC 60107-1:1997, Methods of measurement on receivers for television broadcast 
transmissions – Part 1: General considerations – Measurements at radio and video 
frequencies 

IEC 60112, Method for the determination of the proof and the comparative tracking indices of 
solid insulating materials 

IEC 60127 (all parts), Miniature fuses 

IEC 60227-1, Polyvinyl chloride insulated cables of rated voltages up to and including 
450/750 V – Part 1: General requirements 

IEC 60227-2:2003, Polyvinyl chloride insulated cables of rated voltages up to and including 
450/750 V – Part 2: Test methods 
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IEC 60127 (all parts), Miniature fuses 
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IEC 60227-2:2003, Polyvinyl chloride insulated cables of rated voltages up to and including 
450/750 V – Part 2: Test methods 
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IEC 60245-1, Rubber insulated cables – Rated voltages up to and including 450/750 V – 
Part 1: General requirements 

IEC 60309 (all parts), Plugs, socket-outlets and couplers for industrial purposes  

IEC 60317 (all parts), Specifications for particular types of winding wires 

IEC 60317-43, Specifications for particular types of winding wires – Part 43: Aromatic 
polyimide tape wrapped round copper wire, class 240 

IEC 60320 (all parts), Appliance couplers for household and similar general purposes 

IEC 60320-1, Appliance couplers for household and similar general purposes – Part 1: 
General requirements 

IEC 60320-2-2, Appliance couplers for household and similar general purposes – Part 2-2: 
Interconnection couplers for household and similar equipment  

IEC 60332-1-2, Tests on electric and optical fibre cables under fire conditions – Part 1-2: Test 
for vertical flame propagation for a single insulated wire or cable – Procedure for 1 kW pre-
mixed flame 

IEC 60332-1-3, Tests on electric and optical fibre cables under fire conditions – Part 1-3: Test 
for vertical flame propagation for a single insulated wire or cable – Procedure for 
determination of flaming droplets/particles 

IEC 60332-2-2, Tests on electric and optical fibre cables under fire conditions – Part 2-2: Test 
for vertical flame propagation for a single small insulated wire or cable – Procedure for 
diffusion flame 

IEC 60384-14:2005, Fixed capacitors for use in electronic equipment – Part 14: Sectional 
specification: Fixed capacitors for electromagnetic interference suppression and connection to 
the supply mains 

IEC 60417, Graphical symbols for use on equipment, available from: <http://www.graphical-
symbols.info/equipment> 

IEC 60529, Degrees of protection provided by enclosures (IP Code) 

IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systems – Part 1: 
Principles, requirements and tests 

IEC 60664-3, Insulation coordination for equipment within low-voltage systems – Part 3: Use 
of coating, potting or moulding for protection against pollution 

IEC 60691:2002, Thermal-links – Requirements and application guide 

IEC 60695-10-2, Fire hazard testing – Part 10-2: Abnormal heat – Ball pressure test 

IEC 60695-10-3, Fire hazard testing – Part 10-3: Abnormal heat – Mould stress relief 
distortion test 

IEC 60695-11-5:2004, Fire hazard testing – Part 11-5: Test flames – Needle-flame test 
method – Apparatus, confirmatory test arrangement and guidance 
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IEC 60695-11-10, Fire hazard testing – Part 11-10: Test flames – 50 W horizontal and vertical 
flame test methods 

IEC 60695-11-20:1999, Fire hazard testing – Part 11-20: Test flames – 500 W flame test 
methods 

IEC/TS 60695-11-21, Fire hazard testing – Part 11-21: Test flames – 500 W vertical flame test 
method for tubular polymeric materials 

IEC 60728-11:2005, Cable networks for television signals, sound signals and interactive 
services – Part 11: Safety 

IEC 60730 (all parts), Automatic electrical controls for household and similar use 

IEC 60730-1:2010, Automatic electrical controls for household and similar use – Part 1: 
General requirements 

IEC 60738-1:2009, Thermistors – Directly heated positive temperature coefficient – Part 1: 
Generic specification 

IEC 60747-5-5:2007, Semiconductor devices – Discrete devices – Part 5-5: Optoelectronic 
devices – Photocouplers 

IEC 60825-1:2007, Safety of laser products – Part 1: Equipment classification and 
requirements 

IEC 60825-2:2004, Safety of laser products – Part 2: Safety of optical fibre communication 
systems (OFCS) 

IEC 60825-12, Safety of laser products – Part 12: Safety of free space optical communication 
systems used for transmission of information 

IEC 60851-3:2009, Winding wires – Test methods – Part 3: Mechanical properties 

IEC 60851-5:2008, Winding wires – Test methods – Part 5: Electrical properties 

IEC 60851-6:1996, Winding wires – Test methods – Part 6: Thermal properties 

IEC 60896-11, Stationary lead-acid batteries – Part 11: Vented types – General requirements 
and methods of tests 

IEC 60896-21:2004, Stationary lead-acid batteries – Part 21: Valve regulated types – Methods 
of test 

IEC 60896-22, Stationary lead-acid batteries – Part 22: Valve regulated types – Requirements 

IEC 60906-1, IEC system of plugs and socket-outlets for household and similar purposes – 
Part 1: Plugs and socket-outlets 16 A 250 V a.c. 

IEC 60906-2, IEC system of plugs and socket-outlets for household and similar purposes – 
Part 2: Plugs and socket-outlets 15 A 125 V a.c. 

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

IEC 60950-1:2005, Information technology equipment – Safety – Part 1: General requirements 
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methods 
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IEC 60950-22:2005, Information technology equipment – Safety – Part 22: Equipment to be 
installed outdoors 

IEC 60950-23, Information technology equipment – Safety – Part 23: Large data storage 
equipment 

IEC 60990:1999, Methods of measurement of touch current and protective conductor current 

IEC 60998-1, Connecting devices for low-voltage circuits for household and similar purposes 
– Part 1: General requirements 

IEC 60999-1, Connecting devices – Electrical copper conductors – Safety requirements for 
screw-type and screwless-type clamping units – Part 1: General requirements and particular 
requirements for clamping units for conductors from 0,2 mm2 up to 35 mm2 (included) 

IEC 60999-2, Connecting devices – Electrical copper conductors – Safety requirements for 
screw-type and screwless-type clamping units – Part 2: Particular requirements for clamping 
units for conductors above 35 mm2 up to 300 mm2 (included) 

IEC 61051-1, Varistors for use in electronic equipment – Part 1: Generic specification 

IEC 61051-2:1991, Varistors for use in electronic equipment – Part 2: Sectional specification 
for surge suppression varistors 

Amendment 1:2009 

IEC 61056-1, General purpose lead-acid batteries (valve-regulated types) – Part 1: General 
requirements, functional characteristics – Methods of test 

IEC 61056-2, General purpose lead-acid batteries (valve-regulated types) – Part 2: 
Dimensions, terminals and marking 

IEC 61058-1:2008, Switches for appliances – Part 1: General requirements 

IEC 61140:2001, Protection against electric shock – Common aspects for installation and 
equipment 

IEC/TS 61201:2007, Use of conventional touch voltage limits – Application guide 

IEC 61204-7, Low-voltage power supplies, d.c. output – Part 7: Safety requirements 

IEC 61293, Marking of electrical equipment with ratings related to electrical supply – Safety 
requirements 

IEC 61427, Secondary cells and batteries for photovoltaic energy systems (PVES) – General 
requirements and methods of test 

IEC/TS 61430, Secondary cells and batteries – Test methods for checking the performance of 
devices designed for reducing explosion hazards – Lead-acid starter batteries 

IEC 61434, Secondary cells and batteries containing alkaline or other non-acid electrolytes – 
Guide to designation of current in alkaline secondary cell and battery standards 

IEC 61558-1:2005, Safety of power transformers, power supplies, reactors and similar 
products – Part 1: General requirements and tests 
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IEC 61558-2-16, Safety of transformers, reactors, power supply units and similar products for 
voltages up to 1 100 V – Part 2-16: Particular requirements and tests for switch mode power 
supply units and transformers for switch mode power supply units1 

IEC 61643-11, Low-voltage surge protective devices – Part 11: Surge protective devices 
connected to low-voltage power systems – Requirements and test methods 

IEC 61810-1:2008, Electromechanical elementary relays – Part 1: General requirements 

IEC 61959, Secondary cells and batteries containing alkaline or other non-acid electrolytes – 
Mechanical tests for sealed portable secondary cells and batteries 

IEC 61965:2003, Mechanical safety of cathode ray tubes 

IEC 61984, Connectors – Safety requirements and tests 

IEC 62133, Secondary cells and batteries containing alkaline or other non-acid electrolytes – 
Safety requirements for portable sealed secondary cells, and for batteries made from them, 
for use in portable applications 

IEC 62281, Safety of primary and secondary lithium cells and batteries during transport 

IEC 62471:2006, Photobiological safety of lamps and lamp systems 

IEC/TR 62471-2, Photobiological safety of lamps and lamp systems – Part 2: Guidance on 
manufacturing requirements relating to non-laser optical radiation safety 

IEC 62485-2, Safety requirements for secondary batteries and battery installations – Part 2: 
Stationary batteries2 

ISO 178, Plastics – Determination of flexural properties 

ISO 179-1, Plastics – Determination of Charpy impact properties – Part 1: Non-instrumented 
impact test 

ISO 180, Plastics – Determination of Izod impact strength 

ISO 306, Plastics – Thermoplastic materials – Determination of Vicat softening temperature 
(VST) 

ISO 527 (all parts), Plastics – Determination of tensile properties 

ISO 871, Plastics – Determination of ignition temperature using a hot-air furnace 

ISO 3864 (all parts), Graphical symbols – Safety colours and safety signs 

ISO 3864-2, Graphical symbols – Safety colours and safety signs – Part 2: Design principles 
for product safety labels 

ISO 4892-1, Plastics – Methods of exposure to laboratory light sources – Part 1: General 
guidance 

————————— 
1  To be published. 

2  To be published. 
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3 Terms, definitions and abbreviations  

3.1 Energy source abbreviations 

Abbreviation Description  

ES Electrical energy source see 5.2 

ES1 Electrical energy source class 1  

ES2 Electrical energy source class 2  

ES3 Electrical energy source class 3  

   

MS Mechanical energy source see 8.2 

MS1 Mechanical energy source class 1  

MS2 Mechanical energy source class 2  

MS3 Mechanical energy source class 3  

   

PS Power source see 6.2 

PS1 Power source class 1  

PS2 Power source class 2  

PS3 Power source class 3  

   

RS Radiation energy source see 10.2 

RS1 Radiation energy source class 1  

RS2 Radiation energy source class 2  

RS3 Radiation energy source class 3  

   

TS Thermal energy source  see 9.2 

TS1 Thermal energy source class 1  

TS2 Thermal energy source class 2  

TS3 Thermal energy source class 3  

3.2 Other abbreviations 

Abbreviation Description 

CD compact disk 

CD ROM compact disc read-only memory 

CRT cathode raytube 

CTI comparative tracking index 

DVD digital versatile disc 

EIS electrical insulation system 

EUT equipment under test 

GDT gas discharge tube 

IC integrated circuit 

ICX integrated circuit with X-capacitor function 

LED light emitting diode 

LEL lower explosion limit  

LFC liquid filled component  

LPS limited power source  

MOV metal oxide varistor 

NiCd nickel cadmium 
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Abbreviation Description 

PIS potential ingnition source 

PPE personal protective equipment 

PTC positive temperature coefficient 

RC resistor-capacitor 

RG risk group 

Sb antimony 

SPD surge protective device 

SRME slide rail mounted equipment 

UPS uninterruptible power supply 

VDR voltage dependent resistor 

VRLA valve regulated lead acid 

3.3 Terms and definitions 

For the purposes of this document the following terms and definitions apply. For the 
convenience of the user, the defined terms are listed below in alphabetical order indicating 
the number of the defined term. 

Where the words "voltage" and "current" or their abbreviations are used, they are r.m.s. 
values unless otherwise specified. 

5VA class material ................................................................................................. 3.3.4.2.1 
5VB class material ................................................................................................. 3.3.4.2.2 
abnormal operating condition .................................................................................... 3.3.7.1 
accessible ................................................................................................................ 3.3.6.1 
arcing PIS ................................................................................................................. 3.3.9.2 
basic insulation ......................................................................................................... 3.3.5.1 
basic safeguard ...................................................................................................... 3.3.11.1 
battery .................................................................................................................... 3.3.17.1 
cell ......................................................................................................................... 3.3.17.2 
cheesecloth .............................................................................................................. 3.3.6.2 
class I equipment .................................................................................................... 3.3.15.1 
class II construction ................................................................................................ 3.3.15.2 
class II equipment ................................................................................................... 3.3.15.3 
class III equipment .................................................................................................. 3.3.15.4 
clearance ................................................................................................................ 3.3.12.1 
coin / button cell battery .......................................................................................... 3.3.17.3 
combustible material ................................................................................................. 3.3.4.1 
consumable material ............................................................................................... 3.3.16.1 
creepage distance .................................................................................................. 3.3.12.2 
d.c. voltage ............................................................................................................. 3.3.14.1 
direct plug-in equipment............................................................................................ 3.3.3.1 
disconnect device ..................................................................................................... 3.3.6.3 
double insulation ....................................................................................................... 3.3.5.2 
double safeguard .................................................................................................... 3.3.11.2 
electrical enclosure ................................................................................................... 3.3.2.1 
enclosure .................................................................................................................. 3.3.2.2 
equipment safeguard .............................................................................................. 3.3.11.3 
explosion ................................................................................................................ 3.3.16.2 
explosive ................................................................................................................ 3.3.16.3 
external circuit .......................................................................................................... 3.3.1.1 
fire enclosure ............................................................................................................ 3.3.2.3 
functional earth  ........................................................................................................ 3.3.6.4 
functional insulation .................................................................................................. 3.3.5.3 
hand-held equipment ................................................................................................ 3.3.3.2 
hazardous substance .............................................................................................. 3.3.16.4 
HB40 class material ............................................................................................... 3.3.4.2.3 
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HB75 class material ............................................................................................... 3.3.4.2.4 
HBF class foamed material .................................................................................... 3.3.4.2.5 
HF-1 class foamed material ................................................................................... 3.3.4.2.6 
HF-2 class foamed material ................................................................................... 3.3.4.2.7 
highest specified charging temperature ................................................................... 3.3.17.4 
installation safeguard .............................................................................................. 3.3.11.4 
instructed person ...................................................................................................... 3.3.8.1 
instructional safeguard ............................................................................................ 3.3.11.5 
intermittent operation ................................................................................................ 3.3.7.2 
lowest specified charging temperature .................................................................... 3.3.17.5 
mains transient voltage ........................................................................................... 3.3.14.2 
mains ........................................................................................................................ 3.3.1.2 
material flammability class ........................................................................................ 3.3.4.2 
maximum specified charging current ....................................................................... 3.3.17.6 
maximum specified charging voltage ....................................................................... 3.3.17.7 
mechanical enclosure ............................................................................................... 3.3.2.4 
movable equipment ................................................................................................... 3.3.3.3 
non-clipped output power .......................................................................................... 3.3.7.3 
non-detachable power supply cord ............................................................................ 3.3.6.5 
normal operating condition ........................................................................................ 3.3.7.4 
ordinary person ......................................................................................................... 3.3.8.2 
overload condition .................................................................................................... 3.3.7.5 
peak response frequency .......................................................................................... 3.3.7.6 
peak working voltage .............................................................................................. 3.3.14.3 
permanently connected equipment ............................................................................ 3.3.3.4 
personal safeguard ................................................................................................. 3.3.11.6 
pluggable, type A equipment ..................................................................................... 3.3.3.5 
pluggable, type B equipment ..................................................................................... 3.3.3.6 
pollution degree ........................................................................................................ 3.3.6.6 
potential ignition source (PIS) ................................................................................... 3.3.9.1 
precautionary safeguard ......................................................................................... 3.3.11.7 
prospective touch voltage ....................................................................................... 3.3.14.4 
protective bonding conductor .................................................................................. 3.3.11.8 
protective conductor current ................................................................................... 3.3.14.5 
protective conductor ............................................................................................... 3.3.11.9 
protective current rating .......................................................................................... 3.3.10.6 
protective earthing conductor ................................................................................. 3.3.11.10 
r.m.s. working voltage ............................................................................................. 3.3.14.7 
rated current ........................................................................................................... 3.3.10.1 
rated frequency ....................................................................................................... 3.3.10.2 
rated load impedance ............................................................................................... 3.3.7.7 
rated power ............................................................................................................ 3.3.10.3 
rated voltage range ................................................................................................. 3.3.10.5 
rated voltage ........................................................................................................... 3.3.10.4 
reasonably foreseeable misuse ................................................................................. 3.3.7.8 
reinforced insulation ................................................................................................. 3.3.5.4 
reinforced safeguard .............................................................................................. 3.3.11.11 
required withstand voltage ...................................................................................... 3.3.14.6 
resistive PIS ............................................................................................................. 3.3.9.3 
restricted access area ............................................................................................... 3.3.6.7 
routine test ............................................................................................................... 3.3.6.8 
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safety interlock ...................................................................................................... 3.3.11.13 
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secondary lithium battery ........................................................................................ 3.3.17.8 
short-time operation .................................................................................................. 3.3.7.9 
single fault condition ............................................................................................... 3.3.7.10 
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skilled person ........................................................................................................... 3.3.8.3 
solid insulation .......................................................................................................... 3.3.5.5 
stationary equipment ................................................................................................ 3.3.3.7 
supplementary insulation .......................................................................................... 3.3.5.6 
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non-clipped output power .......................................................................................... 3.3.7.3 
non-detachable power supply cord ............................................................................ 3.3.6.5 
normal operating condition ........................................................................................ 3.3.7.4 
ordinary person ......................................................................................................... 3.3.8.2 
overload condition .................................................................................................... 3.3.7.5 
peak response frequency .......................................................................................... 3.3.7.6 
peak working voltage .............................................................................................. 3.3.14.3 
permanently connected equipment ............................................................................ 3.3.3.4 
personal safeguard ................................................................................................. 3.3.11.6 
pluggable, type A equipment ..................................................................................... 3.3.3.5 
pluggable, type B equipment ..................................................................................... 3.3.3.6 
pollution degree ........................................................................................................ 3.3.6.6 
potential ignition source (PIS) ................................................................................... 3.3.9.1 
precautionary safeguard ......................................................................................... 3.3.11.7 
prospective touch voltage ....................................................................................... 3.3.14.4 
protective bonding conductor .................................................................................. 3.3.11.8 
protective conductor current ................................................................................... 3.3.14.5 
protective conductor ............................................................................................... 3.3.11.9 
protective current rating .......................................................................................... 3.3.10.6 
protective earthing conductor ................................................................................. 3.3.11.10 
r.m.s. working voltage ............................................................................................. 3.3.14.7 
rated current ........................................................................................................... 3.3.10.1 
rated frequency ....................................................................................................... 3.3.10.2 
rated load impedance ............................................................................................... 3.3.7.7 
rated power ............................................................................................................ 3.3.10.3 
rated voltage range ................................................................................................. 3.3.10.5 
rated voltage ........................................................................................................... 3.3.10.4 
reasonably foreseeable misuse ................................................................................. 3.3.7.8 
reinforced insulation ................................................................................................. 3.3.5.4 
reinforced safeguard .............................................................................................. 3.3.11.11 
required withstand voltage ...................................................................................... 3.3.14.6 
resistive PIS ............................................................................................................. 3.3.9.3 
restricted access area ............................................................................................... 3.3.6.7 
routine test ............................................................................................................... 3.3.6.8 
safeguard .............................................................................................................. 3.3.11.12 
safety interlock ...................................................................................................... 3.3.11.13 
sampling test ............................................................................................................ 3.3.6.9 
secondary lithium battery ........................................................................................ 3.3.17.8 
short-time operation .................................................................................................. 3.3.7.9 
single fault condition ............................................................................................... 3.3.7.10 
skill safeguard ....................................................................................................... 3.3.11.14 
skilled person ........................................................................................................... 3.3.8.3 
solid insulation .......................................................................................................... 3.3.5.5 
stationary equipment ................................................................................................ 3.3.3.7 
supplementary insulation .......................................................................................... 3.3.5.6 
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supplementary safeguard ....................................................................................... 3.3.11.15 
temperature limiter .................................................................................................. 3.3.13.1 
temporary overvoltage ............................................................................................ 3.3.14.8 
thermal cut-off ........................................................................................................ 3.3.13.2 
thermostat .............................................................................................................. 3.3.13.3 
tool ......................................................................................................................... 3.3.6.10 
touch current .......................................................................................................... 3.3.6.11 
transportable equipment ........................................................................................... 3.3.3.8 
type test.................................................................................................................. 3.3.6.12 
V-0 class material .................................................................................................. 3.3.4.2.8 
V-1 class material .................................................................................................. 3.3.4.2.9 
V-2 class material ................................................................................................. 3.3.4.2.10 
VTM-0 class material ............................................................................................ 3.3.4.2.11 
VTM-1 class material ............................................................................................ 3.3.4.2.12 
VTM-2 class material ............................................................................................ 3.3.4.2.13 
working voltage ....................................................................................................... 3.3.14.9 
wrapping tissue ....................................................................................................... 3.3.6.13 

3.3.1 Circuit terms 

3.3.1.1 
external circuit 
electrical circuit that is external to the equipment and is not mains 

Note 1 to entry: An external circuit is classified as ES1, ES2 or ES3, and PS1, PS2, or PS3. 

3.3.1.2 
mains 
a.c. or d.c. power distribution system (external to the equipment) that supplies operating 
power to the equipment and is PS3 

Note 1 to entry: Mains include public or private utilities and, unless otherwise specified in this standard, 
equivalent sources such as motor-driven generators and uninterruptible power supplies. 

3.3.2 Enclosure terms 

3.3.2.1 
electrical enclosure 
enclosure intended as a safeguard against electrically-caused injury 

[SOURCE: IEC 60050-195:1998, 195-06-13, modified – the term safeguard has been used] 

3.3.2.2 
enclosure 
housing affording the type and degree of protection suitable for the intended application 

[SOURCE: IEC 60050-195:1998, 195-02-35] 

3.3.2.3 
fire enclosure 
enclosure intended as a safeguard against the spread of fire from within the enclosure to 
outside the enclosure 

3.3.2.4 
mechanical enclosure 
enclosure intended as a safeguard against mechanically-caused pain and injury 
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3.3.3 Equipment terms 

3.3.3.1 
direct plug-in equipment 
equipment in which the mains plug forms an integral part of the equipment enclosure 

3.3.3.2 
hand-held equipment 
movable equipment, or a part of any kind of equipment, that is intended to be held in the 
hand during normal use 

3.3.3.3 
movable equipment 
equipment that is either: 

– 18 kg or less in mass and not fixed in place; or 

– provided with wheels, casters, or other means to facilitate movement by an ordinary 
person as required to perform its intended use 

3.3.3.4 
permanently connected equipment 
equipment that can only be electrically connected to or disconnected from the mains by the 
use of a tool 

3.3.3.5 
pluggable equipment type A 
equipment that is intended for connection to the mains via a non-industrial plug and socket-
outlet or via a non-industrial appliance coupler, or both 

Note 1 to entry: Examples are plugs and socket-outlets covered by standards such as IEC/TR 60083 and 
IEC 60320-1. 

3.3.3.6 
pluggable equipment type B 
equipment that is intended for connection to the mains via an industrial plug and socket-outlet  
or via an industrial appliance coupler, or both 

Note 1 to entry: Examples are plugs and socket-outlets covered by standards such as IEC 60309-1. 

3.3.3.7 
stationary equipment 

– fixed equipment, or 

– permanently connected equipment, or 

– equipment that, due to its physical characteristics, is normally not moved 

Note 1 to entry: Stationary equipment is neither movable equipment nor transportable equipment. 

3.3.3.8 
transportable equipment 
equipment that is intended to be routinely carried 

Note 1 to entry: Examples include notebook computers, CD players and portable accessories, including their 
external power supplies. 

3.3.4 Flammability terms 

3.3.4.1 
combustible material 
organic material, capable of combustion 
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equipment that is intended for connection to the mains via an industrial plug and socket-outlet  
or via an industrial appliance coupler, or both 

Note 1 to entry: Examples are plugs and socket-outlets covered by standards such as IEC 60309-1. 

3.3.3.7 
stationary equipment 

– fixed equipment, or 

– permanently connected equipment, or 

– equipment that, due to its physical characteristics, is normally not moved 

Note 1 to entry: Stationary equipment is neither movable equipment nor transportable equipment. 

3.3.3.8 
transportable equipment 
equipment that is intended to be routinely carried 

Note 1 to entry: Examples include notebook computers, CD players and portable accessories, including their 
external power supplies. 

3.3.4 Flammability terms 

3.3.4.1 
combustible material 
organic material, capable of combustion 
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3.3.3 Equipment terms 

3.3.3.1 
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movable equipment, or a part of any kind of equipment, that is intended to be held in the 
hand during normal use 

3.3.3.3 
movable equipment 
equipment that is either: 
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person as required to perform its intended use 

3.3.3.4 
permanently connected equipment 
equipment that can only be electrically connected to or disconnected from the mains by the 
use of a tool 

3.3.3.5 
pluggable equipment type A 
equipment that is intended for connection to the mains via a non-industrial plug and socket-
outlet or via a non-industrial appliance coupler, or both 

Note 1 to entry: Examples are plugs and socket-outlets covered by standards such as IEC/TR 60083 and 
IEC 60320-1. 
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equipment that is intended for connection to the mains via an industrial plug and socket-outlet  
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Note 1 to entry: Examples are plugs and socket-outlets covered by standards such as IEC 60309-1. 
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– fixed equipment, or 

– permanently connected equipment, or 

– equipment that, due to its physical characteristics, is normally not moved 

Note 1 to entry: Stationary equipment is neither movable equipment nor transportable equipment. 

3.3.3.8 
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equipment that is intended to be routinely carried 

Note 1 to entry: Examples include notebook computers, CD players and portable accessories, including their 
external power supplies. 
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3.3.3 Equipment terms 

3.3.3.1 
direct plug-in equipment 
equipment in which the mains plug forms an integral part of the equipment enclosure 

3.3.3.2 
hand-held equipment 
movable equipment, or a part of any kind of equipment, that is intended to be held in the 
hand during normal use 

3.3.3.3 
movable equipment 
equipment that is either: 

– 18 kg or less in mass and not fixed in place; or 

– provided with wheels, casters, or other means to facilitate movement by an ordinary 
person as required to perform its intended use 

3.3.3.4 
permanently connected equipment 
equipment that can only be electrically connected to or disconnected from the mains by the 
use of a tool 

3.3.3.5 
pluggable equipment type A 
equipment that is intended for connection to the mains via a non-industrial plug and socket-
outlet or via a non-industrial appliance coupler, or both 

Note 1 to entry: Examples are plugs and socket-outlets covered by standards such as IEC/TR 60083 and 
IEC 60320-1. 

3.3.3.6 
pluggable equipment type B 
equipment that is intended for connection to the mains via an industrial plug and socket-outlet  
or via an industrial appliance coupler, or both 

Note 1 to entry: Examples are plugs and socket-outlets covered by standards such as IEC 60309-1. 

3.3.3.7 
stationary equipment 

– fixed equipment, or 

– permanently connected equipment, or 

– equipment that, due to its physical characteristics, is normally not moved 

Note 1 to entry: Stationary equipment is neither movable equipment nor transportable equipment. 

3.3.3.8 
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equipment that is intended to be routinely carried 

Note 1 to entry: Examples include notebook computers, CD players and portable accessories, including their 
external power supplies. 

3.3.4 Flammability terms 

3.3.4.1 
combustible material 
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Note 1 to entry: All thermoplastic materials are considered capable of being combusted regardless of the material 
flammability class. 

3.3.4.2 
material flammability class 
recognition of the burning behaviour of materials and their ability to extinguish if ignited 

Note 1 to entry: Materials are classified when tested in accordance with IEC 60695-11-10, IEC 60695-11-20, 
ISO 9772 or ISO 9773. 

3.3.4.2.1 
5VA class material 
material tested in the thinnest significant thickness used and classified 5VA according to 
IEC 60695-11-20 

3.3.4.2.2 
5VB class material 
material tested in the thinnest significant thickness used and classified 5VB according to 
IEC 60695-11-20 

3.3.4.2.3 
HB40 class material 
material tested in the thinnest significant thickness used and classified HB40 according to 
IEC 60695-11-10 

3.3.4.2.4 
HB75 class material 
material tested in the thinnest significant thickness used and classified HB75 according to 
IEC 60695-11-10 

3.3.4.2.5 
HBF class foamed material 
foamed material tested in the thinnest significant thickness used and classified HBF according 
to ISO 9772 

3.3.4.2.6 
HF-1 class foamed material 
foamed material tested in the thinnest significant thickness used and classified HF-1 
according to ISO 9772 

3.3.4.2.7 
HF-2 class foamed material 
foamed material tested in the thinnest significant thickness used and classified HF-2 
according to ISO 9772 

3.3.4.2.8 
V-0 class material 
material tested in the thinnest significant thickness used and classified V-0 according to 
IEC 60695-11-10 

3.3.4.2.9 
V-1 class material 
material tested in the thinnest significant thickness used and classified V-1 according to 
IEC 60695-11-10 

3.3.4.2.10 
V-2 class material 
material tested in the thinnest significant thickness used and classified V-2 according to 
IEC 60695-11-10 
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3.3.4.2.11 
VTM-0 class material 
material tested in the thinnest significant thickness used and classified VTM-0 according to 
ISO 9773 

3.3.4.2.12 
VTM-1 class material 
material tested in the thinnest significant thickness used and classified VTM-1 according to 
ISO 9773 

3.3.4.2.13 
VTM-2 class material 
material tested in the thinnest significant thickness used and classified VTM-2 according to 
ISO 9773 

3.3.5 Insulation 

3.3.5.1 
basic insulation 
insulation to provide a basic safeguard against electric shock 

Note 1 to entry: This concept does not apply to insulation used exclusively for functional purposes. 

3.3.5.2 
double insulation 
insulation comprising both basic insulation and supplementary insulation 

[SOURCE: IEC 60050-195, Amendment 1:2001, 195-06-08] 

3.3.5.3 
functional insulation 
insulation between conductive parts which is necessary only for the proper functioning of the 
equipment 

3.3.5.4 
reinforced insulation 
single insulation system that provides a degree of protection against electric shock equivalent 
to double insulation 

3.3.5.5 
solid insulation 
solid insulating material placed between two conductive parts or between a conductive part 
and a body part 

3.3.5.6 
supplementary insulation 
independent insulation applied in addition to basic insulation to provide a supplementary 
safeguard for fault protection against electric shock 

3.3.6 Miscellaneous 

3.3.6.1 
accessible 
touchable by a body part 

Note 1 to entry: A body part is represented by one or more of the probes specified in Annex V, as applicable. 
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3.3.4.2.11 
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[SOURCE: IEC 60050-195, Amendment 1:2001, 195-06-08] 
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equipment 
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solid insulating material placed between two conductive parts or between a conductive part 
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3.3.5.6 
supplementary insulation 
independent insulation applied in addition to basic insulation to provide a supplementary 
safeguard for fault protection against electric shock 

3.3.6 Miscellaneous 

3.3.6.1 
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touchable by a body part 

Note 1 to entry: A body part is represented by one or more of the probes specified in Annex V, as applicable. 
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3.3.6.2 
cheesecloth 
bleached cotton cloth of approximately 40 g/m2 

Note 1 to entry: Cheesecloth is a coarse, loosely woven cotton gauze, originally used for wrapping cheese. 

3.3.6.3 
disconnect device 
means to electrically disconnect equipment from the mains that, in the open position, 
complies with the requirements specified for isolation 

3.3.6.4 
functional earth 
earthing a point or points in a system or in an installation or in equipment, for purposes other 
than electrical safety 

[SOURCE: IEC 60050-195, Amendment 1:2001, 195-01-13] 

3.3.6.5 
non-detachable power supply cord 
flexible supply cord affixed to or assembled with the equipment and that cannot be removed 
without the use of tools 

3.3.6.6 
pollution degree 
numeral characterising the expected pollution of the micro-environment 

[SOURCE: IEC 60050-581:2008, 581-21-07] 

3.3.6.7 
restricted access area 
area accessible only to skilled persons and instructed persons with the proper 
authorization 

3.3.6.8 
routine test 
test to which each individual device is subjected during or after manufacture to ascertain 
whether it complies with certain criteria 

[SOURCE: IEC 60664-1:2007, 3.19.2] 

3.3.6.9 
sampling test 
test on a number of devices taken at random from a batch 

[SOURCE: IEC 60664-1:2007, 3.19.3] 

3.3.6.10 
tool 
object that can be used to operate a screw, latch or similar fixing means 

Note 1 to entry: Examples of tools include coins, tableware, screwdrivers, pliers, etc. 

3.3.6.11 
touch current 
electric current through a human body when body parts touch two or more accessible parts 
or one accessible part and earth 
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3.3.6.12 
type test 
test on a representative sample with the objective of determining if, as designed and 
manufactured, it can meet the requirements of this standard 

3.3.6.13 
wrapping tissue 
tissue between 12 g/m2 and 30 g/m2 

Note 1 to entry: The wrapping tissue is soft, thin, usually translucent paper used for wrapping delicate articles. 

3.3.7 Operating and fault conditions 

3.3.7.1 
abnormal operating condition 
temporary operating condition that is not a normal operating condition and is not a single 
fault condition of the equipment itself 

Note 1 to entry: Abnormal operating conditions are specified in Clause B.3. 

Note 2 to entry: An abnormal operating condition may be introduced by the equipment or by a person. 

Note 3 to entry: An abnormal operating condition may result in a failure of a component, a device or a 
safeguard. 

3.3.7.2 
intermittent operation 
operation in a series of cycles, each composed of a period of operation followed by a period 
with the equipment switched off or running idle 

3.3.7.3 
non-clipped output power 
sine wave power dissipated in the rated load impedance, measured at 1 000 Hz at the onset 
of clipping on either one or both peaks 

3.3.7.4 
normal operating condition 
mode of operation that represents as closely as possible the range of normal use that can 
reasonably be expected 

Note 1 to entry: Unless otherwise stated, the most severe conditions of normal use are the most unfavourable 
default values as specified in Clause B.2. 

Note 2 to entry: Misuse is not covered by normal operating conditions. Instead, it is covered by abnormal 
operating conditions. 

3.3.7.5 
overload condition 
abnormal operating condition or single fault condition where the load stresses the 
equipment or circuit beyond normal operating conditions, but does not, immediately, result 
in a non-operating state 

3.3.7.6 
peak response frequency 
test frequency that produces the maximum output power measured at the rated load 
impedance 

Note 1 to entry: The frequency applied should be within the amplifier/transducer’s intended operating range. 
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impedance 

Note 1 to entry: The frequency applied should be within the amplifier/transducer’s intended operating range. 
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3.3.6.12 
type test 
test on a representative sample with the objective of determining if, as designed and 
manufactured, it can meet the requirements of this standard 

3.3.6.13 
wrapping tissue 
tissue between 12 g/m2 and 30 g/m2 

Note 1 to entry: The wrapping tissue is soft, thin, usually translucent paper used for wrapping delicate articles. 

3.3.7 Operating and fault conditions 

3.3.7.1 
abnormal operating condition 
temporary operating condition that is not a normal operating condition and is not a single 
fault condition of the equipment itself 

Note 1 to entry: Abnormal operating conditions are specified in Clause B.3. 

Note 2 to entry: An abnormal operating condition may be introduced by the equipment or by a person. 

Note 3 to entry: An abnormal operating condition may result in a failure of a component, a device or a 
safeguard. 

3.3.7.2 
intermittent operation 
operation in a series of cycles, each composed of a period of operation followed by a period 
with the equipment switched off or running idle 

3.3.7.3 
non-clipped output power 
sine wave power dissipated in the rated load impedance, measured at 1 000 Hz at the onset 
of clipping on either one or both peaks 

3.3.7.4 
normal operating condition 
mode of operation that represents as closely as possible the range of normal use that can 
reasonably be expected 

Note 1 to entry: Unless otherwise stated, the most severe conditions of normal use are the most unfavourable 
default values as specified in Clause B.2. 

Note 2 to entry: Misuse is not covered by normal operating conditions. Instead, it is covered by abnormal 
operating conditions. 

3.3.7.5 
overload condition 
abnormal operating condition or single fault condition where the load stresses the 
equipment or circuit beyond normal operating conditions, but does not, immediately, result 
in a non-operating state 

3.3.7.6 
peak response frequency 
test frequency that produces the maximum output power measured at the rated load 
impedance 

Note 1 to entry: The frequency applied should be within the amplifier/transducer’s intended operating range. 
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Note 1 to entry: The wrapping tissue is soft, thin, usually translucent paper used for wrapping delicate articles. 
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Note 3 to entry: An abnormal operating condition may result in a failure of a component, a device or a 
safeguard. 

3.3.7.2 
intermittent operation 
operation in a series of cycles, each composed of a period of operation followed by a period 
with the equipment switched off or running idle 

3.3.7.3 
non-clipped output power 
sine wave power dissipated in the rated load impedance, measured at 1 000 Hz at the onset 
of clipping on either one or both peaks 

3.3.7.4 
normal operating condition 
mode of operation that represents as closely as possible the range of normal use that can 
reasonably be expected 

Note 1 to entry: Unless otherwise stated, the most severe conditions of normal use are the most unfavourable 
default values as specified in Clause B.2. 

Note 2 to entry: Misuse is not covered by normal operating conditions. Instead, it is covered by abnormal 
operating conditions. 
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overload condition 
abnormal operating condition or single fault condition where the load stresses the 
equipment or circuit beyond normal operating conditions, but does not, immediately, result 
in a non-operating state 

3.3.7.6 
peak response frequency 
test frequency that produces the maximum output power measured at the rated load 
impedance 

Note 1 to entry: The frequency applied should be within the amplifier/transducer’s intended operating range. 
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3.3.7.7 
rated load impedance 
impedance or resistance as declared by the manufacturer, by which an output circuit should 
be terminated 

3.3.7.8 
reasonably foreseeable misuse 
use of a product, process or service in a way not intended by the supplier, but which may 
result from readily predictable human behaviour 

Note 1 to entry: Reasonably foreseeable misuse is considered to be a form of abnormal operating conditions. 

[SOURCE: ISO/IEC Guide 51:1999, 3.14, modified – Note 1 to entry has been added.] 

3.3.7.9 
short-time operation 
operation under normal operating conditions for a specified period, starting when the 
equipment is cold, the intervals after each period of operation being sufficient to allow the 
equipment to cool down to room temperature 

3.3.7.10 
single fault condition 
condition of equipment with a fault under normal operating condition of a single safeguard 
(but not a reinforced safeguard) or of a single component or a device 

Note 1 to entry: Single fault conditions are specified in Clause B.4. 

3.3.8 Persons 

3.3.8.1 
instructed person 
person instructed or supervised by a skilled person as to energy sources and who can 
responsibly use equipment safeguards and precautionary safeguards with respect to those 
energy sources 

Note 1 to entry: Supervised, as used in the definition, means having the direction and oversight of the 
performance of others. 

3.3.8.2 
ordinary person 
person who is neither a skilled person nor an instructed person 

[SOURCE: IEC 60050-826:2004, 826-18-03] 

3.3.8.3 
skilled person 
person with relevant education or experience to enable him or her to identify hazards and to 
take appropriate actions to reduce the risks of injury to themselves and others 

3.3.9 Potential ignition sources 

3.3.9.1 
potential ignition source 
PIS 
location where electrical energy can cause ignition 

3.3.9.2 
arcing PIS 
location where an arc may occur due to the opening of a conductor or a contact 
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Note 1 to entry: An electronic protection circuit or additional constructional measures may be used to prevent a 
location from becoming an arcing PIS. 

Note 2 to entry: A faulty contact or interruption in an electric connection that may occur in conductive patterns on 
printed boards is considered to be within the scope of this definition. 

3.3.9.3 
resistive PIS 
location where a component may ignite due to excessive power dissipation 

3.3.10 Ratings 

3.3.10.1 
rated current 
input current of the equipment as declared by the manufacturer at normal operating 
conditions 

3.3.10.2 
rated frequency 
supply frequency or frequency range as declared by the manufacturer 

3.3.10.3 
rated power 
input power of the equipment as declared by the manufacturer at normal operating 
conditions 

3.3.10.4 
rated voltage 
value of voltage assigned by the manufacturer to a component, device or equipment and to 
which operation and performance characteristics are referred 

Note 1 to entry: Equipment may have more than one rated voltage value or may have a rated voltage range. 

[SOURCE: IEC 60664-1:2007, 3.9] 

3.3.10.5 
rated voltage range 
supply voltage range as declared by the manufacturer expressed by its lower and upper rated 
voltages 

3.3.10.6 
protective current rating 
current rating of an overcurrent protective device that is in the building installation or in the 
equipment to protect a circuit 

3.3.11 Safeguards 

3.3.11.1 
basic safeguard 
safeguard that provides protection under normal operating conditions and under abnormal 
operating conditions whenever an energy source capable of causing pain or injury is 
present in the equipment 

3.3.11.2 
double safeguard 
safeguard comprising both a basic safeguard and a supplementary safeguard 

3.3.11.3 
equipment safeguard 
safeguard that is a physical part of the equipment 
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Note 1 to entry: An electronic protection circuit or additional constructional measures may be used to prevent a 
location from becoming an arcing PIS. 

Note 2 to entry: A faulty contact or interruption in an electric connection that may occur in conductive patterns on 
printed boards is considered to be within the scope of this definition. 

3.3.9.3 
resistive PIS 
location where a component may ignite due to excessive power dissipation 

3.3.10 Ratings 

3.3.10.1 
rated current 
input current of the equipment as declared by the manufacturer at normal operating 
conditions 

3.3.10.2 
rated frequency 
supply frequency or frequency range as declared by the manufacturer 

3.3.10.3 
rated power 
input power of the equipment as declared by the manufacturer at normal operating 
conditions 

3.3.10.4 
rated voltage 
value of voltage assigned by the manufacturer to a component, device or equipment and to 
which operation and performance characteristics are referred 

Note 1 to entry: Equipment may have more than one rated voltage value or may have a rated voltage range. 

[SOURCE: IEC 60664-1:2007, 3.9] 

3.3.10.5 
rated voltage range 
supply voltage range as declared by the manufacturer expressed by its lower and upper rated 
voltages 

3.3.10.6 
protective current rating 
current rating of an overcurrent protective device that is in the building installation or in the 
equipment to protect a circuit 

3.3.11 Safeguards 

3.3.11.1 
basic safeguard 
safeguard that provides protection under normal operating conditions and under abnormal 
operating conditions whenever an energy source capable of causing pain or injury is 
present in the equipment 

3.3.11.2 
double safeguard 
safeguard comprising both a basic safeguard and a supplementary safeguard 

3.3.11.3 
equipment safeguard 
safeguard that is a physical part of the equipment 
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Note 1 to entry: An electronic protection circuit or additional constructional measures may be used to prevent a 
location from becoming an arcing PIS. 

Note 2 to entry: A faulty contact or interruption in an electric connection that may occur in conductive patterns on 
printed boards is considered to be within the scope of this definition. 
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resistive PIS 
location where a component may ignite due to excessive power dissipation 

3.3.10 Ratings 

3.3.10.1 
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input current of the equipment as declared by the manufacturer at normal operating 
conditions 

3.3.10.2 
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supply frequency or frequency range as declared by the manufacturer 

3.3.10.3 
rated power 
input power of the equipment as declared by the manufacturer at normal operating 
conditions 

3.3.10.4 
rated voltage 
value of voltage assigned by the manufacturer to a component, device or equipment and to 
which operation and performance characteristics are referred 

Note 1 to entry: Equipment may have more than one rated voltage value or may have a rated voltage range. 

[SOURCE: IEC 60664-1:2007, 3.9] 

3.3.10.5 
rated voltage range 
supply voltage range as declared by the manufacturer expressed by its lower and upper rated 
voltages 

3.3.10.6 
protective current rating 
current rating of an overcurrent protective device that is in the building installation or in the 
equipment to protect a circuit 

3.3.11 Safeguards 

3.3.11.1 
basic safeguard 
safeguard that provides protection under normal operating conditions and under abnormal 
operating conditions whenever an energy source capable of causing pain or injury is 
present in the equipment 

3.3.11.2 
double safeguard 
safeguard comprising both a basic safeguard and a supplementary safeguard 

3.3.11.3 
equipment safeguard 
safeguard that is a physical part of the equipment 
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Note 1 to entry: An electronic protection circuit or additional constructional measures may be used to prevent a 
location from becoming an arcing PIS. 

Note 2 to entry: A faulty contact or interruption in an electric connection that may occur in conductive patterns on 
printed boards is considered to be within the scope of this definition. 

3.3.9.3 
resistive PIS 
location where a component may ignite due to excessive power dissipation 

3.3.10 Ratings 

3.3.10.1 
rated current 
input current of the equipment as declared by the manufacturer at normal operating 
conditions 

3.3.10.2 
rated frequency 
supply frequency or frequency range as declared by the manufacturer 

3.3.10.3 
rated power 
input power of the equipment as declared by the manufacturer at normal operating 
conditions 

3.3.10.4 
rated voltage 
value of voltage assigned by the manufacturer to a component, device or equipment and to 
which operation and performance characteristics are referred 

Note 1 to entry: Equipment may have more than one rated voltage value or may have a rated voltage range. 

[SOURCE: IEC 60664-1:2007, 3.9] 

3.3.10.5 
rated voltage range 
supply voltage range as declared by the manufacturer expressed by its lower and upper rated 
voltages 

3.3.10.6 
protective current rating 
current rating of an overcurrent protective device that is in the building installation or in the 
equipment to protect a circuit 

3.3.11 Safeguards 

3.3.11.1 
basic safeguard 
safeguard that provides protection under normal operating conditions and under abnormal 
operating conditions whenever an energy source capable of causing pain or injury is 
present in the equipment 

3.3.11.2 
double safeguard 
safeguard comprising both a basic safeguard and a supplementary safeguard 

3.3.11.3 
equipment safeguard 
safeguard that is a physical part of the equipment 
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3.3.11.4 
installation safeguard 
safeguard that is a physical part of a man-made installation 

3.3.11.5 
instructional safeguard 
instruction invoking specified behaviour 

3.3.11.6 
personal safeguard 
personal protective equipment that is worn on the body and that reduces exposure to an 
energy source 

Note 1 to entry: Personal protective equipment (PPE) is a form of a personal safeguard. Examples are shields, 
goggles, gloves, aprons, face masks or breathing apparatus. 

3.3.11.7 
precautionary safeguard 
instructed person behaviour to avoid contact with or exposure to a class 2 energy source 
based on supervision or instructions given by a skilled person 

3.3.11.8 
protective bonding conductor 
protective conductor in the equipment, provided for protective equipotential-bonding of parts 
required to be earthed for safety purposes 

Note 1 to entry: A protective bonding conductor is internal in the equipment. 

3.3.11.9 
protective conductor 
conductor provided for the purposes of safety (for example, protection against electric shock) 

Note 1 to entry: A protective conductor is either a protective earthing conductor or a protective bonding 
conductor. 

[SOURCE: IEC 60050, Amendment 1:2001, 195-02-09] 

3.3.11.10 
protective earthing conductor 
protective conductor connecting a main protective earthing terminal in the equipment to an 
earth point in the building installation for protective earthing 

3.3.11.11 
reinforced safeguard 
single safeguard that is operational under: 

– normal operating conditions; 

– abnormal operating conditions; and 

– single fault conditions 

3.3.11.12 
safeguard 
physical part or system or instruction specifically provided to reduce the likelihood of pain or 
injury, or, for fire, to reduce the likelihood of ignition or spread of fire 

Note 1 to entry: See 0.5 for further explanation of a safeguard. 
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3.3.11.13 
safety interlock 
means to automatically change an energy source to a lower class energy source prior to the 
potential for transfer of the higher energy to a body part 

Note 1 to entry: A safety interlock encompasses the system of components and circuits that are directly involved 
in the safeguard function, including electro-mechanical devices, conductors on printed boards, wiring and their 
terminations, etc., as applicable. 

3.3.11.14 
skill safeguard 
skilled person behaviour to avoid contact with or exposure to a class 2 or class 3 energy 
source based on education and experience 

3.3.11.15 
supplementary safeguard 
safeguard applied in addition to the basic safeguard that is or becomes operational in the 
event of failure of the basic safeguard 

3.3.12 Spacings 

3.3.12.1 
clearance 
shortest distance in air between two conductive parts 

[SOURCE: IEC 60664-1:2007, 3.2] 

3.3.12.2 
creepage distance 
shortest distance along the surface of an insulating material between two conductive parts 

[SOURCE: IEC 60664-1:2007, 3.3, modified — "solid" has been deleted.] 

3.3.13 Temperature controls 

3.3.13.1 
temperature limiter 
device for limiting the temperature of a system, either below or above a particular value, by 
controlling, either directly or indirectly, the flow of thermal energy into or out of the system 

Note 1 to entry: A temperature limiter may be of the automatic reset or of the manual reset type. 

3.3.13.2 
thermal cut-off 
device for limiting the temperature of a system, under single fault conditions, by controlling, 
either directly or indirectly, the flow of thermal energy into or out of the system 

3.3.13.3 
thermostat 
device for maintaining the temperature of a system within a range by controlling, either 
directly or indirectly, the flow of thermal energy into or out of the system 

3.3.14 Voltages and currents 

3.3.14.1 
d.c. voltage 
voltage having a peak-to-peak ripple not exceeding 10 % of the average value 

Note 1 to entry: Where peak-to-peak ripple exceeds 10 % of the average value, the requirements related to peak 
voltage are applicable. 
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3.3.11.13 
safety interlock 
means to automatically change an energy source to a lower class energy source prior to the 
potential for transfer of the higher energy to a body part 

Note 1 to entry: A safety interlock encompasses the system of components and circuits that are directly involved 
in the safeguard function, including electro-mechanical devices, conductors on printed boards, wiring and their 
terminations, etc., as applicable. 
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safeguard applied in addition to the basic safeguard that is or becomes operational in the 
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[SOURCE: IEC 60664-1:2007, 3.2] 

3.3.12.2 
creepage distance 
shortest distance along the surface of an insulating material between two conductive parts 

[SOURCE: IEC 60664-1:2007, 3.3, modified — "solid" has been deleted.] 

3.3.13 Temperature controls 

3.3.13.1 
temperature limiter 
device for limiting the temperature of a system, either below or above a particular value, by 
controlling, either directly or indirectly, the flow of thermal energy into or out of the system 

Note 1 to entry: A temperature limiter may be of the automatic reset or of the manual reset type. 

3.3.13.2 
thermal cut-off 
device for limiting the temperature of a system, under single fault conditions, by controlling, 
either directly or indirectly, the flow of thermal energy into or out of the system 

3.3.13.3 
thermostat 
device for maintaining the temperature of a system within a range by controlling, either 
directly or indirectly, the flow of thermal energy into or out of the system 

3.3.14 Voltages and currents 

3.3.14.1 
d.c. voltage 
voltage having a peak-to-peak ripple not exceeding 10 % of the average value 

Note 1 to entry: Where peak-to-peak ripple exceeds 10 % of the average value, the requirements related to peak 
voltage are applicable. 
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3.3.11.13 
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device for limiting the temperature of a system, under single fault conditions, by controlling, 
either directly or indirectly, the flow of thermal energy into or out of the system 
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thermostat 
device for maintaining the temperature of a system within a range by controlling, either 
directly or indirectly, the flow of thermal energy into or out of the system 
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3.3.11.13 
safety interlock 
means to automatically change an energy source to a lower class energy source prior to the 
potential for transfer of the higher energy to a body part 

Note 1 to entry: A safety interlock encompasses the system of components and circuits that are directly involved 
in the safeguard function, including electro-mechanical devices, conductors on printed boards, wiring and their 
terminations, etc., as applicable. 

3.3.11.14 
skill safeguard 
skilled person behaviour to avoid contact with or exposure to a class 2 or class 3 energy 
source based on education and experience 
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supplementary safeguard 
safeguard applied in addition to the basic safeguard that is or becomes operational in the 
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[SOURCE: IEC 60664-1:2007, 3.2] 

3.3.12.2 
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shortest distance along the surface of an insulating material between two conductive parts 
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3.3.13 Temperature controls 

3.3.13.1 
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device for limiting the temperature of a system, either below or above a particular value, by 
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Note 1 to entry: A temperature limiter may be of the automatic reset or of the manual reset type. 
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thermal cut-off 
device for limiting the temperature of a system, under single fault conditions, by controlling, 
either directly or indirectly, the flow of thermal energy into or out of the system 

3.3.13.3 
thermostat 
device for maintaining the temperature of a system within a range by controlling, either 
directly or indirectly, the flow of thermal energy into or out of the system 

3.3.14 Voltages and currents 

3.3.14.1 
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voltage having a peak-to-peak ripple not exceeding 10 % of the average value 

Note 1 to entry: Where peak-to-peak ripple exceeds 10 % of the average value, the requirements related to peak 
voltage are applicable. 
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3.3.14.2 
mains transient voltage 
highest peak voltage expected at the mains input to the equipment arising from external 
transients 

3.3.14.3 
peak working voltage 
peak value of the working voltage, including any d.c. component and any repetitive peak 
impulses generated in the equipment 

3.3.14.4 
prospective touch voltage 
voltage between simultaneously accessible conductive parts when those conductive parts are 
not being touched 

3.3.14.5 
protective conductor current 
current flowing through the protective earthing conductor under normal operating 
conditions 

Note 1 to entry: Protective conductor current was previously included in the term "leakage current". 

3.3.14.6 
required withstand voltage 
peak voltage that the insulation under consideration is required to withstand 

3.3.14.7 
r.m.s. working voltage 
true r.m.s. value of the working voltage 

Note 1 to entry: True r.m.s. measurement includes any d.c. component of the waveform. 

Note 2 to entry: The resultant r.m.s. value of a waveform having an a.c. r.m.s. voltage A and a d.c. offset voltage 
B is given by the following formula: 

r.m.s. value = (A2 + B2 )1/2 

3.3.14.8 
temporary overvoltage 
overvoltage at mains power frequency of relatively long duration 

3.3.14.9 
working voltage 
highest voltage across any particular insulation that can occur when the equipment is supplied 
at rated voltage or any voltage in the rated voltage range under normal operating 
conditions 

Note 1 to entry: External transients are disregarded. 

3.3.15 Classes of equipment with respect to protection from electric shock 

3.3.15.1 
class I equipment 
equipment in which protection against electric shock does not rely on basic insulation only, 
but that includes a supplementary safeguard in such a way that means are provided for the 
connection of accessible conductive parts to the protective earthing conductor in the fixed 
wiring of the installation 

Note 1 to entry: For equipment intended for use with a flexible cord or cable, this provision includes a protective 
conductor as part of the flexible cord or cable.  

Note 2 to entry: Class I equipment may be provided with class II construction. 
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3.3.15.2 
class II construction 
part of an equipment for which protection against electric shock relies upon double 
insulation or reinforced insulation 

3.3.15.3 
class II equipment 
equipment in which protection against electric shock does not rely on basic insulation only, 
but in which a supplementary safeguard is provided, there being no provision for protective 
earthing or reliance upon installation conditions 

3.3.15.4 
class III equipment 
equipment in which protection against electric shock relies upon supply from ES1 and in 
which ES3 is not generated 

3.3.16 Chemical terms 

3.3.16.1 
consumable material 
material that is used by the equipment in performing its intended function, and intended to be 
periodically or occasionally replaced or replenished, including any material that has a life 
expectancy less than that of the equipment 

3.3.16.2 
explosion 
chemical reaction of any chemical compound or mechanical mixture that, when initiated, 
undergoes a very rapid combustion or decomposition, releasing large volumes of highly 
heated gases that exert pressure on the surrounding medium 

Note 1 to entry: Explosion can also be a mechanical reaction in which failure of the container causes sudden 
release of pressure, and the contents, from within a pressure vessel. Depending on the rate of energy release, an 
explosion can be categorized as a deflagration, a detonation or pressure rupture. 

3.3.16.3 
explosive 
substance or mixture of substances that can undergo a rapid chemical change with or without 
an outside source of oxygen, generating large quantities of energy generally accompanied by 
hot gases 

3.3.16.4 
hazardous substance 
substance that has the potential for adversely impacting human health 

Note 1 to entry: The criteria for determining whether a substance is classified as hazardous are usually defined 
by law or regulation. 

3.3.17 Batteries 

3.3.17.1 
battery  
assembly of cell(s) ready for use as a source of electrical energy characterized by its voltage, 
size, terminal arrangement, capacity and rate capability  

Note 1 to entry: The term battery pack is considered to be a battery.  

3.3.17.2  
cell 
basic manufactured unit providing a source of electrical energy by direct conversion of 
chemical energy, that consists of electrodes, separators, electrolyte, container and terminals  
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3.3.15.2 
class II construction 
part of an equipment for which protection against electric shock relies upon double 
insulation or reinforced insulation 

3.3.15.3 
class II equipment 
equipment in which protection against electric shock does not rely on basic insulation only, 
but in which a supplementary safeguard is provided, there being no provision for protective 
earthing or reliance upon installation conditions 

3.3.15.4 
class III equipment 
equipment in which protection against electric shock relies upon supply from ES1 and in 
which ES3 is not generated 

3.3.16 Chemical terms 

3.3.16.1 
consumable material 
material that is used by the equipment in performing its intended function, and intended to be 
periodically or occasionally replaced or replenished, including any material that has a life 
expectancy less than that of the equipment 

3.3.16.2 
explosion 
chemical reaction of any chemical compound or mechanical mixture that, when initiated, 
undergoes a very rapid combustion or decomposition, releasing large volumes of highly 
heated gases that exert pressure on the surrounding medium 

Note 1 to entry: Explosion can also be a mechanical reaction in which failure of the container causes sudden 
release of pressure, and the contents, from within a pressure vessel. Depending on the rate of energy release, an 
explosion can be categorized as a deflagration, a detonation or pressure rupture. 

3.3.16.3 
explosive 
substance or mixture of substances that can undergo a rapid chemical change with or without 
an outside source of oxygen, generating large quantities of energy generally accompanied by 
hot gases 

3.3.16.4 
hazardous substance 
substance that has the potential for adversely impacting human health 

Note 1 to entry: The criteria for determining whether a substance is classified as hazardous are usually defined 
by law or regulation. 

3.3.17 Batteries 

3.3.17.1 
battery  
assembly of cell(s) ready for use as a source of electrical energy characterized by its voltage, 
size, terminal arrangement, capacity and rate capability  

Note 1 to entry: The term battery pack is considered to be a battery.  

3.3.17.2  
cell 
basic manufactured unit providing a source of electrical energy by direct conversion of 
chemical energy, that consists of electrodes, separators, electrolyte, container and terminals  

BS EN 62368-1:2014

BS EN 62368-1:2014
62368-1 © IEC:2014 – 74 –

62368-1 © IEC:2014 – 57 – 

3.3.15.2 
class II construction 
part of an equipment for which protection against electric shock relies upon double 
insulation or reinforced insulation 

3.3.15.3 
class II equipment 
equipment in which protection against electric shock does not rely on basic insulation only, 
but in which a supplementary safeguard is provided, there being no provision for protective 
earthing or reliance upon installation conditions 

3.3.15.4 
class III equipment 
equipment in which protection against electric shock relies upon supply from ES1 and in 
which ES3 is not generated 

3.3.16 Chemical terms 

3.3.16.1 
consumable material 
material that is used by the equipment in performing its intended function, and intended to be 
periodically or occasionally replaced or replenished, including any material that has a life 
expectancy less than that of the equipment 

3.3.16.2 
explosion 
chemical reaction of any chemical compound or mechanical mixture that, when initiated, 
undergoes a very rapid combustion or decomposition, releasing large volumes of highly 
heated gases that exert pressure on the surrounding medium 

Note 1 to entry: Explosion can also be a mechanical reaction in which failure of the container causes sudden 
release of pressure, and the contents, from within a pressure vessel. Depending on the rate of energy release, an 
explosion can be categorized as a deflagration, a detonation or pressure rupture. 

3.3.16.3 
explosive 
substance or mixture of substances that can undergo a rapid chemical change with or without 
an outside source of oxygen, generating large quantities of energy generally accompanied by 
hot gases 

3.3.16.4 
hazardous substance 
substance that has the potential for adversely impacting human health 

Note 1 to entry: The criteria for determining whether a substance is classified as hazardous are usually defined 
by law or regulation. 

3.3.17 Batteries 

3.3.17.1 
battery  
assembly of cell(s) ready for use as a source of electrical energy characterized by its voltage, 
size, terminal arrangement, capacity and rate capability  

Note 1 to entry: The term battery pack is considered to be a battery.  

3.3.17.2  
cell 
basic manufactured unit providing a source of electrical energy by direct conversion of 
chemical energy, that consists of electrodes, separators, electrolyte, container and terminals  

BS EN 62368-1:2014

BS EN 62368-1:2014
62368-1 © IEC:2014 – 74 –

62368-1 © IEC:2014 – 57 – 

3.3.15.2 
class II construction 
part of an equipment for which protection against electric shock relies upon double 
insulation or reinforced insulation 

3.3.15.3 
class II equipment 
equipment in which protection against electric shock does not rely on basic insulation only, 
but in which a supplementary safeguard is provided, there being no provision for protective 
earthing or reliance upon installation conditions 

3.3.15.4 
class III equipment 
equipment in which protection against electric shock relies upon supply from ES1 and in 
which ES3 is not generated 

3.3.16 Chemical terms 

3.3.16.1 
consumable material 
material that is used by the equipment in performing its intended function, and intended to be 
periodically or occasionally replaced or replenished, including any material that has a life 
expectancy less than that of the equipment 

3.3.16.2 
explosion 
chemical reaction of any chemical compound or mechanical mixture that, when initiated, 
undergoes a very rapid combustion or decomposition, releasing large volumes of highly 
heated gases that exert pressure on the surrounding medium 

Note 1 to entry: Explosion can also be a mechanical reaction in which failure of the container causes sudden 
release of pressure, and the contents, from within a pressure vessel. Depending on the rate of energy release, an 
explosion can be categorized as a deflagration, a detonation or pressure rupture. 

3.3.16.3 
explosive 
substance or mixture of substances that can undergo a rapid chemical change with or without 
an outside source of oxygen, generating large quantities of energy generally accompanied by 
hot gases 

3.3.16.4 
hazardous substance 
substance that has the potential for adversely impacting human health 

Note 1 to entry: The criteria for determining whether a substance is classified as hazardous are usually defined 
by law or regulation. 

3.3.17 Batteries 

3.3.17.1 
battery  
assembly of cell(s) ready for use as a source of electrical energy characterized by its voltage, 
size, terminal arrangement, capacity and rate capability  

Note 1 to entry: The term battery pack is considered to be a battery.  

3.3.17.2  
cell 
basic manufactured unit providing a source of electrical energy by direct conversion of 
chemical energy, that consists of electrodes, separators, electrolyte, container and terminals  

BS EN 62368-1:2014
 – 58 – 62368-1 © IEC:2014 

3.3.17.3  
coin / button cell battery  
small, single cell battery having a diameter greater than its height 

3.3.17.4 
highest specified charging temperature 
highest temperature specified by the manufacturer at a site on each individual cell comprising 
the battery during charging of a secondary battery 

Note 1 to entry: It is usually assumed that the end-product manufacturer is responsible to specify the safety-
sensitive temperature, voltage or current of the battery, based on the specifications provided by battery supplier. 

3.3.17.5 
lowest specified charging temperature 
lowest temperature as declared by the manufacturer at a site on each individual cell 
comprising the battery during charging of a secondary battery 

3.3.17.6 
maximum specified charging current 
highest charging current as declared by the manufacturer during charging of a secondary 
battery 

3.3.17.7 
maximum specified charging voltage 
highest charging voltage as declared by the manufacturer during charging of a secondary 
battery 

3.3.17.8 
secondary lithium battery 
battery that incorporates:  

– one or more secondary lithium cells; and 

– a housing and a terminal arrangement; and 

– may have electronic control devices; and 

– that is ready for use. 

Note 1 to entry: Examples of a secondary lithium battery include a rechargeable lithium-ion battery, a 
rechargeable lithium-polymer battery and a rechargeable lithium manganese battery. 
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4 General requirements 

4.1 General 

4.1.1 Application of requirements and acceptance of materials, components and 
subassemblies 

Requirements are specified in the relevant clauses and, where referenced in those clauses, in 
the relevant annexes. 

Where compliance of materials, components or subassemblies is demonstrated by inspection, 
such compliance may be by review of published data or previous test results. 

Components and subassemblies that comply with IEC 60950-1 or IEC 60065 are acceptable 
as part of equipment covered by this standard without further evaluation other than to give 
consideration to the appropriate use of the component or subassembly in the end-product. 

NOTE This paragraph will be deleted in edition 3 of this standard. It is added here to provide a smooth transition 
from the latest editions of IEC 60950-1 and IEC 60065 to this standard. 

4.1.2 Use of components 

Where the component, or a characteristic of a component, is a safeguard or a part of a 
safeguard, components shall comply with the requirements of this standard or, where 
specified in a requirements clause, with the safety aspects of the relevant IEC component 
standards. 

NOTE 1 An IEC component standard is considered relevant only if the component in question clearly falls within 
its scope. 

NOTE 2 The applicable test for compliance with a component standard is, in general, conducted separately 

Where use of an IEC component standard is permitted above, evaluation and testing of 
components shall be conducted as follows: 

– a component shall be checked for correct application and use in accordance with its 
rating; 

– a component that has been demonstrated to comply with a standard harmonized with the 
relevant IEC component standard shall be subjected to the applicable tests of this 
standard, as part of the equipment, with the exception of those tests that are part of the 
relevant IEC component standard; 

– a component that has not been demonstrated to comply with a relevant standard as above 
shall be subjected to the applicable tests of this standard, as part of the equipment, and to 
the applicable tests of the component standard, under the conditions occurring in the 
equipment; and 

– where components are used in circuits not in accordance with their specified ratings, the 
components shall be tested under the conditions occurring in the equipment. The number 
of samples required for test is, in general, the same as required by an equivalent 
standard. 

Compliance is checked by inspection and by the relevant data or tests. 

4.1.3 Equipment design and construction 

Equipment shall be so designed and constructed that, under normal operating conditions 
(see Clause B.2), abnormal operating conditions (see Clause B.3), and single fault 
conditions (see Clause B.4), safeguards are provided to reduce the likelihood of injury or, in 
the case of fire, property damage. 
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Parts of equipment that could cause injury shall not be accessible, and accessible parts 
shall not cause an injury. 

For an ordinary person or an instructed person, the adjustment of a control shall not defeat 
an equipment safeguard. 

Compliance is checked by inspection and by the relevant tests. 

4.1.4 Equipment installation 

The equipment evaluation according to this standard shall take into account manufacturer’s 
instructions with regard to installation, relocation, servicing and operation, as applicable. 

4.1.5 Constructions and components not specifically covered 

Where the equipment involves technologies, components and materials or methods of 
construction not specifically covered in this standard, the equipment shall provide safeguards 
not less than that generally afforded by this standard and the principles of safety contained 
herein. 

The need for additional detailed requirements to cope with a new situation should be brought 
promptly to the attention of the appropriate committee. 

4.1.6 Orientation during transport and use 

Where it is clear that the orientation of use of equipment is likely to have a significant effect 
on the application of the requirements or the results of tests, all orientations of use specified 
in the installation or user instructions shall be taken into account. In addition, for 
transportable equipment, all orientations of transport shall be taken into account. 

4.1.7 Choice of criteria 

Where the standard indicates a choice between different criteria for compliance, or between 
different methods or conditions of test, the choice is specified by the manufacturer. 

4.1.8 Conductive liquids 

For the electrical requirements of this standard, conductive liquids shall be treated as 
conductive parts. 

4.1.9 Electrical measuring instruments 

Electrical measuring instruments shall have adequate bandwidth to provide accurate 
readings, taking into account all components (d.c., mains frequency, high frequency and 
harmonic content) of the parameter being measured. 

If an r.m.s. value is measured, care shall be taken that the measuring instrument gives a true 
r.m.s. reading of non-sinusoidal waveforms as well as sinusoidal waveforms. 

Measurements are made with a meter whose input impedance has a negligible influence on 
the measurement. 

4.1.10 Temperature measurements 

Unless stated otherwise, where the result of a test is likely to depend upon the ambient 
temperature, the manufacturer’s specified ambient temperature range of the equipment (Tma) 
shall be taken into account. When performing the test at a specific ambient (Tamb), 
extrapolation (above and below) the results of the test may be used to consider the impact of 

BS EN 62368-1:2014

BS EN 62368-1:2014
62368-1 © IEC:2014– 77 –



62368-1 © IEC:2014 – 61 – 

Tma on the result. Components and subassemblies may be considered separately from the 
equipment if the test results and extrapolation is representative of the whole equipment being 
so tested. Relevant test data and manufacturer’s specifications may be examined in order to 
determine the effect of temperature variability on a component or subassembly (see B.1.6). 

4.1.11 Steady state conditions 

Steady state conditions are conditions when temperature stability is considered to exist (see 
B.1.6). 

4.1.12 Hierarchy of safeguards 

Safeguards that are required for ordinary persons are acceptable, but may not be required, 
for instructed persons and skilled persons. Likewise, safeguards that are required for 
instructed persons are acceptable, but may not be required, for skilled persons. 

A reinforced safeguard may be used in place of a basic safeguard or a supplementary 
safeguard or a double safeguard. A double safeguard may be used in place of a 
reinforced safeguard. 

Safeguards, other than equipment safeguards, may be specified in specific clauses (for 
example, see 8.4.1, 8.5.1 and Table 38). 

4.1.13 Examples mentioned in the standard 

Where examples are given in this standard, other examples, situations, and solutions are not 
excluded. 

4.1.14 Tests on parts or samples separate from the end-product 

If a test is conducted on a part or sample separate from the end-product, the test shall be 
conducted as if the part or sample was in the end-product. 

4.1.15 Markings and instructions 

Equipment that is required by this standard to: 

– bear markings; or 

– be provided with instructions; or 

– be provided with instructional safeguards 

shall meet the relevant requirements of Annex F. 

Compliance is checked by inspection. 

NOTE In Finland, Norway and Sweden, class I pluggable equipment type A intended for connection to other 
equipment or a network shall, if safety relies on connection to reliable earthing or if surge suppressors are 
connected between the network terminals and accessible parts, have a marking stating that the equipment must 
be connected to an earthed mains socket-outlet. 

4.2 Energy source classifications 

4.2.1 Class 1 energy source 

Unless otherwise specified, a class 1 source is an energy source with levels not exceeding 
class 1 limits under: 

– normal operating conditions; and 
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be connected to an earthed mains socket-outlet. 

4.2 Energy source classifications 

4.2.1 Class 1 energy source 

Unless otherwise specified, a class 1 source is an energy source with levels not exceeding 
class 1 limits under: 

– normal operating conditions; and 
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Tma on the result. Components and subassemblies may be considered separately from the 
equipment if the test results and extrapolation is representative of the whole equipment being 
so tested. Relevant test data and manufacturer’s specifications may be examined in order to 
determine the effect of temperature variability on a component or subassembly (see B.1.6). 

4.1.11 Steady state conditions 

Steady state conditions are conditions when temperature stability is considered to exist (see 
B.1.6). 

4.1.12 Hierarchy of safeguards 

Safeguards that are required for ordinary persons are acceptable, but may not be required, 
for instructed persons and skilled persons. Likewise, safeguards that are required for 
instructed persons are acceptable, but may not be required, for skilled persons. 

A reinforced safeguard may be used in place of a basic safeguard or a supplementary 
safeguard or a double safeguard. A double safeguard may be used in place of a 
reinforced safeguard. 

Safeguards, other than equipment safeguards, may be specified in specific clauses (for 
example, see 8.4.1, 8.5.1 and Table 38). 

4.1.13 Examples mentioned in the standard 

Where examples are given in this standard, other examples, situations, and solutions are not 
excluded. 

4.1.14 Tests on parts or samples separate from the end-product 

If a test is conducted on a part or sample separate from the end-product, the test shall be 
conducted as if the part or sample was in the end-product. 

4.1.15 Markings and instructions 

Equipment that is required by this standard to: 

– bear markings; or 

– be provided with instructions; or 

– be provided with instructional safeguards 

shall meet the relevant requirements of Annex F. 

Compliance is checked by inspection. 

NOTE In Finland, Norway and Sweden, class I pluggable equipment type A intended for connection to other 
equipment or a network shall, if safety relies on connection to reliable earthing or if surge suppressors are 
connected between the network terminals and accessible parts, have a marking stating that the equipment must 
be connected to an earthed mains socket-outlet. 

4.2 Energy source classifications 

4.2.1 Class 1 energy source 

Unless otherwise specified, a class 1 source is an energy source with levels not exceeding 
class 1 limits under: 

– normal operating conditions; and 
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determine the effect of temperature variability on a component or subassembly (see B.1.6). 

4.1.11 Steady state conditions 

Steady state conditions are conditions when temperature stability is considered to exist (see 
B.1.6). 

4.1.12 Hierarchy of safeguards 

Safeguards that are required for ordinary persons are acceptable, but may not be required, 
for instructed persons and skilled persons. Likewise, safeguards that are required for 
instructed persons are acceptable, but may not be required, for skilled persons. 

A reinforced safeguard may be used in place of a basic safeguard or a supplementary 
safeguard or a double safeguard. A double safeguard may be used in place of a 
reinforced safeguard. 

Safeguards, other than equipment safeguards, may be specified in specific clauses (for 
example, see 8.4.1, 8.5.1 and Table 38). 

4.1.13 Examples mentioned in the standard 

Where examples are given in this standard, other examples, situations, and solutions are not 
excluded. 

4.1.14 Tests on parts or samples separate from the end-product 

If a test is conducted on a part or sample separate from the end-product, the test shall be 
conducted as if the part or sample was in the end-product. 

4.1.15 Markings and instructions 

Equipment that is required by this standard to: 

– bear markings; or 

– be provided with instructions; or 

– be provided with instructional safeguards 

shall meet the relevant requirements of Annex F. 

Compliance is checked by inspection. 

NOTE In Finland, Norway and Sweden, class I pluggable equipment type A intended for connection to other 
equipment or a network shall, if safety relies on connection to reliable earthing or if surge suppressors are 
connected between the network terminals and accessible parts, have a marking stating that the equipment must 
be connected to an earthed mains socket-outlet. 

4.2 Energy source classifications 

4.2.1 Class 1 energy source 

Unless otherwise specified, a class 1 source is an energy source with levels not exceeding 
class 1 limits under: 

– normal operating conditions; and 
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– abnormal operating conditions that do not lead to a single fault condition; and 

–  single fault conditions that do not result in class 2 limits being exceeded. 

Under normal operating conditions and abnormal operating conditions, the energy in a 
class 1 source, in contact with a body part, may be detectable, but is not painful nor is it likely 
to cause an injury. For fire, the energy in a class 1 source is not likely to cause ignition. 

Under single fault conditions, a class 1 energy source, under contact with a body part, may 
be painful, but is not likely to cause injury. 

4.2.2 Class 2 energy source 

Unless otherwise specified, a class 2 source is an energy source with levels exceeding 
class 1 limits and not exceeding class 2 limits under normal operating conditions, 
abnormal operating conditions, or single fault conditions. The energy in a class 2 source, 
under contact with a body part, may be painful, but is not likely to cause an injury. For fire, the 
energy in a class 2 source can cause ignition under some conditions. 

4.2.3 Class 3 energy source 

A class 3 source is an energy source with levels exceeding class 2 limits under normal 
operating conditions, abnormal operating conditions, or single fault conditions, or any 
energy source declared to be a class 3 source. The energy in a class 3 source, under contact 
with a body part, is capable of causing injury. For fire, the energy in a class 3 source may 
cause ignition and the spread of flame where fuel is available. 

4.2.4 Energy source classification by declaration 

The manufacturer may declare: 

– a class 1 energy source to be either a class 2 energy source or a class 3 energy source; 

– a class 2 energy source to be a class 3 energy source. 

A neutral conductor is considered to be a class 3 electrical energy source. 

A protective conductor is considered to be a class 1 electrical energy source. 

4.3 Protection against energy sources 

4.3.1 General 

The terms "persons", "body", and "body parts" are represented by the probes of Annex V. 

4.3.2 Safeguards for protection of an ordinary person 

4.3.2.1 Safeguards between a class 1 energy source and an ordinary person 

No safeguards are required between a class 1 energy source and an ordinary person (see 
Figure 9). Consequently, a class 1 energy source may be accessible to an ordinary person. 

 

Figure 9 – Model for protection of an ordinary person against a class 1 energy source 
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Tma on the result. Components and subassemblies may be considered separately from the 
equipment if the test results and extrapolation is representative of the whole equipment being 
so tested. Relevant test data and manufacturer’s specifications may be examined in order to 
determine the effect of temperature variability on a component or subassembly (see B.1.6). 

4.1.11 Steady state conditions 

Steady state conditions are conditions when temperature stability is considered to exist (see 
B.1.6). 

4.1.12 Hierarchy of safeguards 

Safeguards that are required for ordinary persons are acceptable, but may not be required, 
for instructed persons and skilled persons. Likewise, safeguards that are required for 
instructed persons are acceptable, but may not be required, for skilled persons. 

A reinforced safeguard may be used in place of a basic safeguard or a supplementary 
safeguard or a double safeguard. A double safeguard may be used in place of a 
reinforced safeguard. 

Safeguards, other than equipment safeguards, may be specified in specific clauses (for 
example, see 8.4.1, 8.5.1 and Table 38). 

4.1.13 Examples mentioned in the standard 

Where examples are given in this standard, other examples, situations, and solutions are not 
excluded. 

4.1.14 Tests on parts or samples separate from the end-product 

If a test is conducted on a part or sample separate from the end-product, the test shall be 
conducted as if the part or sample was in the end-product. 

4.1.15 Markings and instructions 

Equipment that is required by this standard to: 

– bear markings; or 

– be provided with instructions; or 

– be provided with instructional safeguards 

shall meet the relevant requirements of Annex F. 

Compliance is checked by inspection. 

NOTE In Finland, Norway and Sweden, class I pluggable equipment type A intended for connection to other 
equipment or a network shall, if safety relies on connection to reliable earthing or if surge suppressors are 
connected between the network terminals and accessible parts, have a marking stating that the equipment must 
be connected to an earthed mains socket-outlet. 

4.2 Energy source classifications 

4.2.1 Class 1 energy source 

Unless otherwise specified, a class 1 source is an energy source with levels not exceeding 
class 1 limits under: 

– normal operating conditions; and 
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4.3.2.2 Safeguards between a class 2 energy source and an ordinary person 

At least one basic safeguard is required between a class 2 energy source and an ordinary 
person (see Figure 10). 

 

Figure 10 – Model for protection of an ordinary person against a class 2 energy source 

4.3.2.3 Safeguards between a class 2 energy source and an ordinary person during 
ordinary person servicing conditions 

If ordinary person servicing conditions require a basic safeguard to be removed or 
defeated, an instructional safeguard as described in Clause F.5 shall be provided and 
located in such a way that an ordinary person will see the instruction prior to removing or 
defeating the basic safeguard (see Figure 11). 

The instructional safeguard (see Clause F.5) shall include all of the following: 

– identify parts and locations of the class 2 energy source; 

– specify actions that will protect persons from that energy source; and 

– specify actions to reinstate or restore the basic safeguard. 

If ordinary person servicing conditions require a basic safeguard to be removed or 
defeated, and where the equipment is intended for use in the home, an instructional 
safeguard (see Clause F.5), directed towards adults, shall warn against removing or 
defeating the basic safeguard by children. 

 

Figure 11 – Model for protection of an ordinary person against a class 2 energy  
source during ordinary person servicing conditions 
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Unless otherwise specified, 

– an equipment basic safeguard and an equipment supplementary safeguard (together 
forming a double safeguard); or 

– a reinforced safeguard 

is required between a class 3 energy source and an ordinary person (see Figure 12). 

 

Figure 12 – Model for protection of an ordinary person against a class 3 energy source 
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4.3.3 Safeguards for protection of an instructed person 

4.3.3.1 Safeguards between a class 1 energy source and an instructed person 

No safeguards are required between a class 1 energy source and an instructed person (see 
Figure 13). 

 

Figure 13 – Model for protection of an instructed person  
against a class 1 energy source 

4.3.3.2 Safeguards between a class 2 energy source and an instructed person 

An instructed person uses a precautionary safeguard (see Figure 14). No additional 
safeguards are required between a class 2 energy source and an instructed person. 
Consequently, a class 2 energy source may be accessible to an instructed person. 

 

Figure 14 – Model for protection of an instructed person 
against a class 2 energy source 
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Figure 15 – Model for protection of an instructed person 
against a class 3 energy source 
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Figure 16 – Model for protection of a skilled person against a class 1 energy source 

4.3.4.2 Safeguards between a class 2 energy source and a skilled person 

A skilled person uses a skill safeguard (see Figure 17). No additional safeguards are 
required between a class 2 energy source and a skilled person. Consequently, a class 2 
energy source may be accessible to a skilled person. 

 

Figure 17 – Model for protection of a skilled person against a class 2 energy source 

4.3.4.3 Safeguards between a class 3 energy source and a skilled person 

A skilled person uses a skill safeguard (see Figure 18). Unless otherwise specified, no 
additional safeguards are required between a class 3 energy source and a skilled person. 
Consequently, a class 3 energy source may be accessible to a skilled person. 

 

Figure 18 – Model for protection of a skilled person against a class 3 energy source 

During equipment servicing conditions on a class 3 energy source, a safeguard intended to 
reduce the likelihood of injury due to an involuntary reaction is required between: 

– another class 3 energy source, not undergoing service and in the same vicinity as the 
class 3 energy source being serviced; and 

– a skilled person (see 0.5.7 and Figure 19). 

 

Figure 19 – Model for protection of a skilled person against class 3 energy 
sources during equipment servicing conditions 
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Figure 16 – Model for protection of a skilled person against a class 1 energy source 

4.3.4.2 Safeguards between a class 2 energy source and a skilled person 
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Figure 17 – Model for protection of a skilled person against a class 2 energy source 
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Figure 18 – Model for protection of a skilled person against a class 3 energy source 
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Figure 16 – Model for protection of a skilled person against a class 1 energy source 

4.3.4.2 Safeguards between a class 2 energy source and a skilled person 

A skilled person uses a skill safeguard (see Figure 17). No additional safeguards are 
required between a class 2 energy source and a skilled person. Consequently, a class 2 
energy source may be accessible to a skilled person. 

 

Figure 17 – Model for protection of a skilled person against a class 2 energy source 
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Figure 18 – Model for protection of a skilled person against a class 3 energy source 
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Figure 16 – Model for protection of a skilled person against a class 1 energy source 

4.3.4.2 Safeguards between a class 2 energy source and a skilled person 

A skilled person uses a skill safeguard (see Figure 17). No additional safeguards are 
required between a class 2 energy source and a skilled person. Consequently, a class 2 
energy source may be accessible to a skilled person. 

 

Figure 17 – Model for protection of a skilled person against a class 2 energy source 
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Figure 18 – Model for protection of a skilled person against a class 3 energy source 
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reduce the likelihood of injury due to an involuntary reaction is required between: 

– another class 3 energy source, not undergoing service and in the same vicinity as the 
class 3 energy source being serviced; and 

– a skilled person (see 0.5.7 and Figure 19). 

 

Figure 19 – Model for protection of a skilled person against class 3 energy 
sources during equipment servicing conditions 

4.3.5 Safeguards in a restricted access area 

Certain equipment is intended for installation exclusively in restricted access areas. Such 
equipment shall have safeguards as required in 4.3.3 for instructed persons and 4.3.4 for 
skilled persons. 
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4.4 Safeguards 

4.4.1 Equivalent materials or components 

Where this standard specifies a particular safeguard parameter, such as thermal class of 
insulation or material flammability class, a safeguard with a better parameter may be used. 

NOTE For a hierarchy of the material flammability classes see Table S.1, Table S.2 and Table S.3. 

4.4.2 Composition of a safeguard 

A safeguard may be comprised of one or more elements. 

4.4.3 Accessible parts of a safeguard 

Where a solid safeguard is accessible to an ordinary person or to an instructed person, 
only the side of the safeguard opposite to the energy source may be accessible. 

4.4.4 Safeguard robustness 

4.4.4.1 General 

Where a solid safeguard (for example, an enclosure, barrier, solid insulation, earthed 
metal, glass, etc.) is accessible to an ordinary person or to an instructed person, the 
safeguard shall comply with the relevant robustness tests as specified in 4.4.4.2 to 4.4.4.9. 

A solid safeguard that is not accessible shall comply with the stress relief test of Clause T.8. 

For a safeguard that is accessible after opening an external enclosure, see 4.4.4.5. 

Requirements for: 

– adhesion of metalized coatings; and  

– adhesives securing parts serving as safeguards; and 

– parts that may defeat a safeguard if an adhesive fails  

are specified in Clause P.4.  

4.4.4.2 Steady force tests 

An enclosure or barrier that is accessible and that is used as a safeguard of: 

– transportable equipment; and 

– hand-held equipment; and 

– direct plug-in equipment; 

shall be subjected to the steady force test of Clause T.4.  

For all other equipment, an enclosure or barrier that is accessible and that is used as a 
safeguard shall be subjected to the steady force test of Clause T.5. There are no 
requirements for the bottom of equipment having a mass of more than 18 kg unless the user 
instructions permit an orientation in which the bottom of the enclosure becomes the top or a 
side of the equipment. 

A safeguard that is accessible and that only acts as a fire enclosure or barrier shall be 
subjected to the steady force test of Clause T.3. 

This subclause does not apply to glass. Requirements for glass are given in 4.4.4.6. 
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4.4.4.3 Drop tests 

The following equipment shall be subjected to the drop test of Clause T.7: 

– hand-held equipment; 

– direct plug-in equipment; 

– transportable equipment; 

– movable equipment requiring lifting or handling by an ordinary person as part of its 
intended use, including routine relocation; 

NOTE An example of such equipment is a paper shredder that rests on a waste container, requiring its 
removal to empty the container. 

– desk-top or table-top equipment having a mass of 7 kg or less that is intended for use with 
any one of the following: 

¶ a cord-connected telephone handset, or 

¶ another cord-connected hand-held accessory with an acoustic function, or 

¶ a headset. 

4.4.4.4 Impact tests 

All equipment, other than that specified in 4.4.4.3, shall be subjected to the impact test of 
Clause T.6. 

The impact test of Clause T.6 is not applied to the following: 

– the bottom of an enclosure, except if the user instructions permit an orientation in which 
the bottom of the enclosure becomes the top or a side of the equipment; 

– glass;  

NOTE Impact tests for glass are in 4.4.4.6. 

– the surface of the enclosure of stationary equipment, including equipment for building-
in, that is not accessible and is protected after installation. 

4.4.4.5 Internal accessible safeguard tests 

An internal solid safeguard that is accessible to an ordinary person after opening an 
external enclosure and whose failure would allow class 2 or class 3 energy sources to be 
accessible shall be subjected to the steady force test of Clause T.3. 

4.4.4.6 Glass impact tests 

The requirements below are applicable to all parts made of glass, with the exception of: 

– platen glass used on copiers, scanners and the like, provided that the glass complies with 
4.4.4.5 and is covered during normal use; and 

– CRTs: Requirements for CRTs are given in Annex U; and 

– glass that is laminated or has a construction such that glass particles do not separate 
from each other if the glass is broken; and 

NOTE Laminated glass includes constructions such as plastic film affixed to single side of a glass. 

– a safeguard that is accessible and that acts as a fire enclosure only. 

Glass that is accessible to an ordinary person or to an instructed person: 

– having a surface area exceeding 0,1 m2; or 

– having a major dimension exceeding 450 mm; or 
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4.4.4.3 Drop tests 
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– that prevents access to class 3 energy sources other than PS3, 

shall be subjected to the glass impact test of Clause T.9. 

4.4.4.7 Thermoplastic material tests 

If a safeguard is of thermoplastic material, the safeguard shall be so constructed that any 
shrinkage or distortion of the material due to release of internal stresses shall not defeat its 
safeguard function. The thermoplastic material shall be subjected to the stress relief test of 
Clause T.8. 

4.4.4.8 Air comprising a safeguard 

Where a safeguard is comprised of air (for example, a clearance), a barrier or enclosure 
shall prevent displacement of the air by a body part or a conductive part. The barrier shall 
comply with the mechanical strength test specified in Annex T, as applicable. 

4.4.4.9 Compliance criteria 

During and after the tests: 

- except for PS3, class 3 energy sources shall not become accessible to an ordinary 
person or to an instructed person; and 

- glass shall:  

¶ not break or crack; or 

¶ not expel pieces of glass greater than 30 g in mass or greater than 50 mm in any 
dimension; or 

¶ pass the fragmentation test of Clause T.10 on a separate test sample; and 

- all other safeguards shall remain effective. 

4.5 Explosion 

4.5.1 General 

Explosion can be caused by 

– chemical reaction, 

– mechanical deformation of a sealed container, 

– rapid combustion or decomposition, producing a large volume of hot gas, 

– high pressure, or 

– high temperature. 

NOTE 1 Depending on the energy rate, explosion can be categorized as a deflagration, a detonation, or pressure 
rupture. 

NOTE 2 An ultracapacitor (for example, a double layer capacitor) is a high energy source and can explode 
following overcharging and high temperature. 

For requirements regarding explosion of batteries, see Annex M. 

4.5.2 Requirements 

During normal operating conditions and abnormal operating conditions, an explosion 
shall not occur. 

If an explosion occurs during single fault conditions, it shall not cause harm and the 
equipment shall comply with the relevant parts of this standard. 
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Compliance is checked by inspection and tests as specified in Clause B.2, Clause B.3 and 
Clause B.4. 

4.6 Fixing of conductors 

4.6.1 Requirements 

Conductors shall be such that displacement cannot defeat a safeguard, such as reducing 
clearances or creepage distances below the values specified in 5.4.2 and 5.4.3. 

The fixing of the conductors shall be such that, if a conductor becomes loose or detached, the 
conductor cannot defeat a safeguard, such as reducing clearances or creepage distances 
below the values specified in 5.4.2 and 5.4.3. 

For the purpose of these requirements, it is assumed that: 

– two independent fixings will not become loose or detached at the same time; and 

– parts fixed by means of screws or nuts provided with self-locking washers or other means 
of locking are not liable to become loose or detached. 

NOTE Spring washers and the like can provide satisfactory locking.  

4.6.2 Compliance criteria 

Compliance is checked by inspection, by measurement or in case of doubt by applying a force 
of 10 N in the most unfavourable direction. 

EXAMPLE Constructions regarded as meeting the requirements include: 

– close-fitting tubing (for example, a heat shrink or rubber sleeve), applied over the wire and its termination; 

– conductors connected by soldering and held in place near to the termination, independently of the soldered 
connection; 

– conductors connected by soldering and securely hooked in before soldering, provided that the hole through 
which the conductor is passed is not unduly large; 

– conductors connected to screw terminals, with an additional fixing near to the terminal that clamps, in the case 
of stranded conductors, the insulation and not only the conductors; 

– conductors connected to screw terminals and provided with terminators that are unlikely to become free (for 
example, ring lugs crimped onto the conductors),however, the pivoting of such terminators is considered; or 

– short rigid conductors that remain in position when the terminal screw is loosened. 

4.7 Equipment for direct insertion into mains socket-outlets 

4.7.1 General 

Equipment incorporating integral pins for insertion into mains socket-outlets shall not impose 
undue torque on the socket-outlet. The means for retaining the pins shall withstand the forces 
to which the pins are likely to be subjected in normal use. 

4.7.2 Requirements 

The mains plug part shall comply with the relevant standard for the mains plug. 

The equipment is inserted, as in normal use, into a fixed socket-outlet of a configuration as 
intended by the manufacturer, which is pivoted about a horizontal axis intersecting the centre 
lines of the contacts at a distance of 8 mm behind the engagement face of the socket outlet 
parallel to the engagement face. 
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Compliance is checked by inspection and tests as specified in Clause B.2, Clause B.3 and 
Clause B.4. 

4.6 Fixing of conductors 

4.6.1 Requirements 

Conductors shall be such that displacement cannot defeat a safeguard, such as reducing 
clearances or creepage distances below the values specified in 5.4.2 and 5.4.3. 
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connection; 

– conductors connected by soldering and securely hooked in before soldering, provided that the hole through 
which the conductor is passed is not unduly large; 

– conductors connected to screw terminals, with an additional fixing near to the terminal that clamps, in the case 
of stranded conductors, the insulation and not only the conductors; 

– conductors connected to screw terminals and provided with terminators that are unlikely to become free (for 
example, ring lugs crimped onto the conductors),however, the pivoting of such terminators is considered; or 

– short rigid conductors that remain in position when the terminal screw is loosened. 

4.7 Equipment for direct insertion into mains socket-outlets 
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intended by the manufacturer, which is pivoted about a horizontal axis intersecting the centre 
lines of the contacts at a distance of 8 mm behind the engagement face of the socket outlet 
parallel to the engagement face. 
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Compliance is checked by inspection and tests as specified in Clause B.2, Clause B.3 and 
Clause B.4. 

4.6 Fixing of conductors 

4.6.1 Requirements 

Conductors shall be such that displacement cannot defeat a safeguard, such as reducing 
clearances or creepage distances below the values specified in 5.4.2 and 5.4.3. 

The fixing of the conductors shall be such that, if a conductor becomes loose or detached, the 
conductor cannot defeat a safeguard, such as reducing clearances or creepage distances 
below the values specified in 5.4.2 and 5.4.3. 

For the purpose of these requirements, it is assumed that: 

– two independent fixings will not become loose or detached at the same time; and 

– parts fixed by means of screws or nuts provided with self-locking washers or other means 
of locking are not liable to become loose or detached. 

NOTE Spring washers and the like can provide satisfactory locking.  

4.6.2 Compliance criteria 

Compliance is checked by inspection, by measurement or in case of doubt by applying a force 
of 10 N in the most unfavourable direction. 

EXAMPLE Constructions regarded as meeting the requirements include: 

– close-fitting tubing (for example, a heat shrink or rubber sleeve), applied over the wire and its termination; 

– conductors connected by soldering and held in place near to the termination, independently of the soldered 
connection; 
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of stranded conductors, the insulation and not only the conductors; 

– conductors connected to screw terminals and provided with terminators that are unlikely to become free (for 
example, ring lugs crimped onto the conductors),however, the pivoting of such terminators is considered; or 

– short rigid conductors that remain in position when the terminal screw is loosened. 

4.7 Equipment for direct insertion into mains socket-outlets 
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Equipment incorporating integral pins for insertion into mains socket-outlets shall not impose 
undue torque on the socket-outlet. The means for retaining the pins shall withstand the forces 
to which the pins are likely to be subjected in normal use. 

4.7.2 Requirements 

The mains plug part shall comply with the relevant standard for the mains plug. 

The equipment is inserted, as in normal use, into a fixed socket-outlet of a configuration as 
intended by the manufacturer, which is pivoted about a horizontal axis intersecting the centre 
lines of the contacts at a distance of 8 mm behind the engagement face of the socket outlet 
parallel to the engagement face. 
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Compliance is checked by inspection and tests as specified in Clause B.2, Clause B.3 and 
Clause B.4. 

4.6 Fixing of conductors 

4.6.1 Requirements 

Conductors shall be such that displacement cannot defeat a safeguard, such as reducing 
clearances or creepage distances below the values specified in 5.4.2 and 5.4.3. 

The fixing of the conductors shall be such that, if a conductor becomes loose or detached, the 
conductor cannot defeat a safeguard, such as reducing clearances or creepage distances 
below the values specified in 5.4.2 and 5.4.3. 

For the purpose of these requirements, it is assumed that: 

– two independent fixings will not become loose or detached at the same time; and 

– parts fixed by means of screws or nuts provided with self-locking washers or other means 
of locking are not liable to become loose or detached. 

NOTE Spring washers and the like can provide satisfactory locking.  
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Compliance is checked by inspection, by measurement or in case of doubt by applying a force 
of 10 N in the most unfavourable direction. 

EXAMPLE Constructions regarded as meeting the requirements include: 

– close-fitting tubing (for example, a heat shrink or rubber sleeve), applied over the wire and its termination; 

– conductors connected by soldering and held in place near to the termination, independently of the soldered 
connection; 

– conductors connected by soldering and securely hooked in before soldering, provided that the hole through 
which the conductor is passed is not unduly large; 

– conductors connected to screw terminals, with an additional fixing near to the terminal that clamps, in the case 
of stranded conductors, the insulation and not only the conductors; 

– conductors connected to screw terminals and provided with terminators that are unlikely to become free (for 
example, ring lugs crimped onto the conductors),however, the pivoting of such terminators is considered; or 

– short rigid conductors that remain in position when the terminal screw is loosened. 

4.7 Equipment for direct insertion into mains socket-outlets 

4.7.1 General 

Equipment incorporating integral pins for insertion into mains socket-outlets shall not impose 
undue torque on the socket-outlet. The means for retaining the pins shall withstand the forces 
to which the pins are likely to be subjected in normal use. 

4.7.2 Requirements 

The mains plug part shall comply with the relevant standard for the mains plug. 

The equipment is inserted, as in normal use, into a fixed socket-outlet of a configuration as 
intended by the manufacturer, which is pivoted about a horizontal axis intersecting the centre 
lines of the contacts at a distance of 8 mm behind the engagement face of the socket outlet 
parallel to the engagement face. 
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4.7.3 Compliance criteria 

Compliance is checked by inspection and, the additional torque that has to be applied to the 
socket-outlet to maintain the engagement face in the vertical plane shall not exceed 0,25 Nm. 
The torque to keep the socket-outlet itself in the vertical plane is not included in this value. 

NOTE 1 In Australia and New Zealand, compliance is checked in accordance with AS/NZS 3112. 

NOTE 2 In the United Kingdom, the torque test is performed using a socket-outlet complying with BS 1363, and 
the plug part shall be assessed to the relevant clauses of BS 1363. 

4.8 Products containing lithium coin / button cell batteries 

4.8.1 General 

These requirements apply to equipment, including remote controls, that: 

– are likely to be accessible to children, taking into account information given by the 
manufacturer; and 

– include lithium coin / button cell batteries with a diameter of 32 mm or less. 

These requirements do not apply to: 

– professional equipment; 

NOTE Professional equipment is equipment sold through special sales channels. All equipment sold through 
normal electronics stores are considered not to be professional equipment. 

– equipment for locations where it is unlikely that children will be present; or 
– equipment containing lithium coin / button cell batteries that are soldered in place. 

4.8.2 Instructional safeguard 

Equipment containing one or more lithium coin / button cell batteries shall have an 
instructional safeguard in accordance with Clause F.5. 

The instructional safeguard is not required where these batteries are not intended to be 
replaced or are only accessible after damaging the equipment. 

The elements of the instructional safeguard shall be as follows: 

– element 1a: not available 
– element 2: “Do not ingest battery, Chemical Burn Hazard” or equivalent wording 
– element 3:  the following or equivalent text 
  [The remote control supplied with] This product contains a coin / button cell 

battery. If the coin / button cell battery is swallowed, it can cause severe 
internal burns in just 2 hours and can lead to death. 

– element 4: the following or equivalent text 
  Keep new and used batteries away from children. 
  If the battery compartment does not close securely, stop using the product 

and keep it away from children. 
  If you think batteries might have been swallowed or placed inside any part 

of the body, seek immediate medical attention. 

4.8.3 Construction 

Equipment having a battery compartment door / cover shall be designed to reduce the 
possibility of children removing the battery by one of the following methods: 

– a tool, such as a screwdriver or coin, is required to open the battery compartment; or 
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4.7.3 Compliance criteria 

Compliance is checked by inspection and, the additional torque that has to be applied to the 
socket-outlet to maintain the engagement face in the vertical plane shall not exceed 0,25 Nm. 
The torque to keep the socket-outlet itself in the vertical plane is not included in this value. 
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  [The remote control supplied with] This product contains a coin / button cell 

battery. If the coin / button cell battery is swallowed, it can cause severe 
internal burns in just 2 hours and can lead to death. 

– element 4: the following or equivalent text 
  Keep new and used batteries away from children. 
  If the battery compartment does not close securely, stop using the product 

and keep it away from children. 
  If you think batteries might have been swallowed or placed inside any part 

of the body, seek immediate medical attention. 

4.8.3 Construction 

Equipment having a battery compartment door / cover shall be designed to reduce the 
possibility of children removing the battery by one of the following methods: 

– a tool, such as a screwdriver or coin, is required to open the battery compartment; or 
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– the battery compartment door / cover requires the application of a minimum of two 
independent and simultaneous movements to open by hand. 

4.8.4 Tests 

4.8.4.1 Test sequence 

One sample shall be subjected to the applicable tests of 4.8.4.2 to 4.8.4.6. If applicable, the 
test in 4.8.4.2 shall be conducted first. 

4.8.4.2 Stress relief test 

If the battery compartment utilizes moulded or formed thermoplastic materials, the sample 
consisting of the complete equipment, or of the complete enclosure together with any 
supporting framework, is tested according to the stress relief test of Clause T.8. 

During the test, the battery may be removed. 

4.8.4.3 Battery replacement test 

For equipment with a battery compartment door / cover, the battery compartment shall be 
opened and closed and the battery removed and replaced ten times to simulate normal 
replacement according to the manufacturer’s instructions. 

If the battery compartment door / cover is secured by one or more screws, the screws are 
loosened and then tightened applying a continuous linear torque according to Table 37, using 
a suitable screwdriver, spanner or key. The screws are to be completely removed and 
reinserted each time 

4.8.4.4 Drop test 

Portable equipment having a mass of 7 kg or less are subjected to three drops from a height 
of 1 m onto a horizontal surface in positions likely to produce the maximum force on the 
battery compartment in accordance with Clause T.7. 

If the equipment is a remote control, it shall be subjected to ten drops. 

4.8.4.5 Impact test 

The battery compartment door / cover shall be subjected to three impacts in a direction 
perpendicular to the battery compartment door / cover according to the test method of 
Clause T.6 with a force of: 

- 0,5 J (102 mm ° 10 mm height) for glasses for watching, for example, 3 dimensional 
television; or 

- 2 J (408 mm ° 10 mm height) for all other doors / covers. 

4.8.4.6 Crush test 

Hand held remote control devices are to be supported by a fixed rigid supporting surface in a 
position likely to produce the most adverse results as long as the position can be self-
supported. A crushing force of 330 N ° 5 N is applied to the exposed top and back surfaces of 
remote control devices placed in a stable condition by a flat surface measuring approximately 
100 mm by 250 mm for a period of 10 s. 

4.8.5 Compliance criteria 

Compliance is checked by applying a force of 30 N ° 1 N for 10 s to the battery compartment 
door / cover by a rigid test finger according to the test probe of Figure V.2 at the most 
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– the battery compartment door / cover requires the application of a minimum of two 
independent and simultaneous movements to open by hand. 

4.8.4 Tests 

4.8.4.1 Test sequence 

One sample shall be subjected to the applicable tests of 4.8.4.2 to 4.8.4.6. If applicable, the 
test in 4.8.4.2 shall be conducted first. 

4.8.4.2 Stress relief test 

If the battery compartment utilizes moulded or formed thermoplastic materials, the sample 
consisting of the complete equipment, or of the complete enclosure together with any 
supporting framework, is tested according to the stress relief test of Clause T.8. 

During the test, the battery may be removed. 

4.8.4.3 Battery replacement test 

For equipment with a battery compartment door / cover, the battery compartment shall be 
opened and closed and the battery removed and replaced ten times to simulate normal 
replacement according to the manufacturer’s instructions. 

If the battery compartment door / cover is secured by one or more screws, the screws are 
loosened and then tightened applying a continuous linear torque according to Table 37, using 
a suitable screwdriver, spanner or key. The screws are to be completely removed and 
reinserted each time 

4.8.4.4 Drop test 

Portable equipment having a mass of 7 kg or less are subjected to three drops from a height 
of 1 m onto a horizontal surface in positions likely to produce the maximum force on the 
battery compartment in accordance with Clause T.7. 

If the equipment is a remote control, it shall be subjected to ten drops. 

4.8.4.5 Impact test 

The battery compartment door / cover shall be subjected to three impacts in a direction 
perpendicular to the battery compartment door / cover according to the test method of 
Clause T.6 with a force of: 

- 0,5 J (102 mm ° 10 mm height) for glasses for watching, for example, 3 dimensional 
television; or 

- 2 J (408 mm ° 10 mm height) for all other doors / covers. 

4.8.4.6 Crush test 

Hand held remote control devices are to be supported by a fixed rigid supporting surface in a 
position likely to produce the most adverse results as long as the position can be self-
supported. A crushing force of 330 N ° 5 N is applied to the exposed top and back surfaces of 
remote control devices placed in a stable condition by a flat surface measuring approximately 
100 mm by 250 mm for a period of 10 s. 

4.8.5 Compliance criteria 

Compliance is checked by applying a force of 30 N ° 1 N for 10 s to the battery compartment 
door / cover by a rigid test finger according to the test probe of Figure V.2 at the most 
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– the battery compartment door / cover requires the application of a minimum of two 
independent and simultaneous movements to open by hand. 

4.8.4 Tests 

4.8.4.1 Test sequence 

One sample shall be subjected to the applicable tests of 4.8.4.2 to 4.8.4.6. If applicable, the 
test in 4.8.4.2 shall be conducted first. 

4.8.4.2 Stress relief test 

If the battery compartment utilizes moulded or formed thermoplastic materials, the sample 
consisting of the complete equipment, or of the complete enclosure together with any 
supporting framework, is tested according to the stress relief test of Clause T.8. 

During the test, the battery may be removed. 

4.8.4.3 Battery replacement test 

For equipment with a battery compartment door / cover, the battery compartment shall be 
opened and closed and the battery removed and replaced ten times to simulate normal 
replacement according to the manufacturer’s instructions. 

If the battery compartment door / cover is secured by one or more screws, the screws are 
loosened and then tightened applying a continuous linear torque according to Table 37, using 
a suitable screwdriver, spanner or key. The screws are to be completely removed and 
reinserted each time 

4.8.4.4 Drop test 

Portable equipment having a mass of 7 kg or less are subjected to three drops from a height 
of 1 m onto a horizontal surface in positions likely to produce the maximum force on the 
battery compartment in accordance with Clause T.7. 

If the equipment is a remote control, it shall be subjected to ten drops. 

4.8.4.5 Impact test 

The battery compartment door / cover shall be subjected to three impacts in a direction 
perpendicular to the battery compartment door / cover according to the test method of 
Clause T.6 with a force of: 

− 0,5 J (102 mm ± 10 mm height) for glasses for watching, for example, 3 dimensional 
television; or 

− 2 J (408 mm ± 10 mm height) for all other doors / covers. 

4.8.4.6 Crush test 

Hand held remote control devices are to be supported by a fixed rigid supporting surface in a 
position likely to produce the most adverse results as long as the position can be self-
supported. A crushing force of 330 N ± 5 N is applied to the exposed top and back surfaces of 
remote control devices placed in a stable condition by a flat surface measuring approximately 
100 mm by 250 mm for a period of 10 s. 

4.8.5 Compliance criteria 

Compliance is checked by applying a force of 30 N ± 1 N for 10 s to the battery compartment 
door / cover by a rigid test finger according to the test probe of Figure V.2 at the most 
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– the battery compartment door / cover requires the application of a minimum of two 
independent and simultaneous movements to open by hand. 

4.8.4 Tests 

4.8.4.1 Test sequence 

One sample shall be subjected to the applicable tests of 4.8.4.2 to 4.8.4.6. If applicable, the 
test in 4.8.4.2 shall be conducted first. 

4.8.4.2 Stress relief test 

If the battery compartment utilizes moulded or formed thermoplastic materials, the sample 
consisting of the complete equipment, or of the complete enclosure together with any 
supporting framework, is tested according to the stress relief test of Clause T.8. 

During the test, the battery may be removed. 

4.8.4.3 Battery replacement test 

For equipment with a battery compartment door / cover, the battery compartment shall be 
opened and closed and the battery removed and replaced ten times to simulate normal 
replacement according to the manufacturer’s instructions. 

If the battery compartment door / cover is secured by one or more screws, the screws are 
loosened and then tightened applying a continuous linear torque according to Table 37, using 
a suitable screwdriver, spanner or key. The screws are to be completely removed and 
reinserted each time 

4.8.4.4 Drop test 

Portable equipment having a mass of 7 kg or less are subjected to three drops from a height 
of 1 m onto a horizontal surface in positions likely to produce the maximum force on the 
battery compartment in accordance with Clause T.7. 

If the equipment is a remote control, it shall be subjected to ten drops. 

4.8.4.5 Impact test 

The battery compartment door / cover shall be subjected to three impacts in a direction 
perpendicular to the battery compartment door / cover according to the test method of 
Clause T.6 with a force of: 

− 0,5 J (102 mm ± 10 mm height) for glasses for watching, for example, 3 dimensional 
television; or 

− 2 J (408 mm ± 10 mm height) for all other doors / covers. 

4.8.4.6 Crush test 

Hand held remote control devices are to be supported by a fixed rigid supporting surface in a 
position likely to produce the most adverse results as long as the position can be self-
supported. A crushing force of 330 N ± 5 N is applied to the exposed top and back surfaces of 
remote control devices placed in a stable condition by a flat surface measuring approximately 
100 mm by 250 mm for a period of 10 s. 

4.8.5 Compliance criteria 

Compliance is checked by applying a force of 30 N ± 1 N for 10 s to the battery compartment 
door / cover by a rigid test finger according to the test probe of Figure V.2 at the most 
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unfavourable place and in the most unfavourable direction. The force shall be applied in one 
direction at a time. 

The battery compartment door / cover shall remain functional, and: 

− the battery shall not become accessible; or 

− it shall not be possible remove the battery from the product with the test hook of Figure 20 
using a force of approximately 20 N. 
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Material: steel Dimensions in millimetres 

Figure 20 – Test hook 

4.9 Likelihood of fire or shock due to entry of conductive objects 

Where the entry of a conductive object from outside the equipment or from another part of the 
equipment can result in: 

– bridging within PS2, PS3 and ES3  circuits; or 
– bridging an ES3 circuit to accessible, unearthed conductive parts, 

top and side openings above PS2, PS3 and ES3 circuits shall: 

– be located more than 1,8 m above the floor; or 
– comply with Annex P. 

Compliance is checked by inspection or according to Annex P. 

5 Electrically-caused injury 

5.1 General 

To reduce the likelihood of painful effects and injury due to electric current passing through 
the human body, equipment shall be provided with the safeguards specified in Clause 5. 

BS EN 62368-1:2014

BS EN 62368-1:2014
62368-1 © IEC:2014– 89 –

4.Z1

To protect against excessive current, short-circuits and earth faults in circuits connected to an a.c. 
mains, protective devices shall be included either as integral parts of the equipment or as parts of the 
building installation, subject to the following, a), b) and c):

a) except as detailed in b) and c), protective devices necessary to comply with the requirements of B.3.1 
and B.4 shall be included as parts of the equipment;



 – 72 – 62368-1 © IEC:2014 

unfavourable place and in the most unfavourable direction. The force shall be applied in one 
direction at a time. 

The battery compartment door / cover shall remain functional, and: 

- the battery shall not become accessible; or 

- it shall not be possible remove the battery from the product with the test hook of Figure 20 
using a force of approximately 20 N. 
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Material: steel Dimensions in millimetres 

Figure 20 – Test hook 

4.9 Likelihood of fire or shock due to entry of conductive objects 

Where the entry of a conductive object from outside the equipment or from another part of the 
equipment can result in: 

– bridging within PS2, PS3 and ES3  circuits; or 
– bridging an ES3 circuit to accessible, unearthed conductive parts, 

top and side openings above PS2, PS3 and ES3 circuits shall: 

– be located more than 1,8 m above the floor; or 
– comply with Annex P. 

Compliance is checked by inspection or according to Annex P. 

5 Electrically-caused injury 

5.1 General 

To reduce the likelihood of painful effects and injury due to electric current passing through 
the human body, equipment shall be provided with the safeguards specified in Clause 5. 
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5.2 Classification and limits of electrical energy sources 

5.2.1 Electrical energy source classifications 

5.2.1.1 ES1 

ES1 is a class 1 electrical energy source with current or voltage levels  

– not exceeding ES1 limits under 

¶ normal operating conditions, and 

¶ abnormal operating conditions, and 

¶ single fault conditions of a component, device or insulation not serving as a 
safeguard; and  

– not exceeding ES2 limits under single faultconditions of a basic safeguard. 

5.2.1.2 ES2 

ES2 is a class 2 electrical energy source where 

– both the prospective touch voltage and the touch current exceed the limits for ES1; 
and  

– under 

¶ normal operating conditions, and 

¶ abnormal operating conditions, and 

¶ single fault conditions, 

either the prospective touch voltage or the touch current does not exceed the limit for ES2. 

5.2.1.3 ES3 

ES3 is a class 3 electrical energy source where both the prospective touch voltage and 
touch current exceed the limit for ES2. 

5.2.2 Electrical energy source ES1 and ES2 limits 

5.2.2.1 General 

The limits specified in 5.2.2 are with respect to earth or with respect to an accessible part. 

NOTE Throughout 5.2.2, the term “voltage” is taken to mean “prospective touch voltage.” Likewise, the term 
“current” is taken to mean “touch current.” 
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b) for components in series with the mains input to the equipment such as the supply cord, appliance 
coupler, r.f.i. filter and switch, short-circuit and earth fault protection may be provided by protective 
devices in the building installation;

c) it is permitted for pluggable equipment type B or permanently connected equipment, to rely on 
dedicated overcurrent and short-circuit protection in the building installation, provided that the means of 
protection, e.g. fuses or circuit breakers, is fully specified in the installation instructions.

If reliance is placed on protection in the building installation, the installation instructions shall so state, 
except that for pluggable equipment type A the building installation shall be regarded as providing 
protection in accordance with the rating of the wall socket outlet._
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unfavourable place and in the most unfavourable direction. The force shall be applied in one 
direction at a time. 

The battery compartment door / cover shall remain functional, and: 

- the battery shall not become accessible; or 

- it shall not be possible remove the battery from the product with the test hook of Figure 20 
using a force of approximately 20 N. 
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Material: steel Dimensions in millimetres 

Figure 20 – Test hook 

4.9 Likelihood of fire or shock due to entry of conductive objects 

Where the entry of a conductive object from outside the equipment or from another part of the 
equipment can result in: 

– bridging within PS2, PS3 and ES3  circuits; or 
– bridging an ES3 circuit to accessible, unearthed conductive parts, 

top and side openings above PS2, PS3 and ES3 circuits shall: 

– be located more than 1,8 m above the floor; or 
– comply with Annex P. 

Compliance is checked by inspection or according to Annex P. 

5 Electrically-caused injury 

5.1 General 

To reduce the likelihood of painful effects and injury due to electric current passing through 
the human body, equipment shall be provided with the safeguards specified in Clause 5. 
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5.2 Classification and limits of electrical energy sources 

5.2.1 Electrical energy source classifications 

5.2.1.1 ES1 

ES1 is a class 1 electrical energy source with current or voltage levels  

– not exceeding ES1 limits under 

¶ normal operating conditions, and 

¶ abnormal operating conditions, and 

¶ single fault conditions of a component, device or insulation not serving as a 
safeguard; and  

– not exceeding ES2 limits under single faultconditions of a basic safeguard. 

5.2.1.2 ES2 

ES2 is a class 2 electrical energy source where 

– both the prospective touch voltage and the touch current exceed the limits for ES1; 
and  

– under 

¶ normal operating conditions, and 

¶ abnormal operating conditions, and 

¶ single fault conditions, 

either the prospective touch voltage or the touch current does not exceed the limit for ES2. 

5.2.1.3 ES3 

ES3 is a class 3 electrical energy source where both the prospective touch voltage and 
touch current exceed the limit for ES2. 

5.2.2 Electrical energy source ES1 and ES2 limits 

5.2.2.1 General 

The limits specified in 5.2.2 are with respect to earth or with respect to an accessible part. 

NOTE Throughout 5.2.2, the term “voltage” is taken to mean “prospective touch voltage.” Likewise, the term 
“current” is taken to mean “touch current.” 
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b) for components in series with the mains input to the equipment such as the supply cord, appliance 
coupler, r.f.i. filter and switch, short-circuit and earth fault protection may be provided by protective 
devices in the building installation;

c) it is permitted for pluggable equipment type B or permanently connected equipment, to rely on 
dedicated overcurrent and short-circuit protection in the building installation, provided that the means of 
protection, e.g. fuses or circuit breakers, is fully specified in the installation instructions.

If reliance is placed on protection in the building installation, the installation instructions shall so state, 
except that for pluggable equipment type A the building installation shall be regarded as providing 
protection in accordance with the rating of the wall socket outlet._
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unfavourable place and in the most unfavourable direction. The force shall be applied in one 
direction at a time. 

The battery compartment door / cover shall remain functional, and: 

- the battery shall not become accessible; or 

- it shall not be possible remove the battery from the product with the test hook of Figure 20 
using a force of approximately 20 N. 
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Figure 20 – Test hook 

4.9 Likelihood of fire or shock due to entry of conductive objects 

Where the entry of a conductive object from outside the equipment or from another part of the 
equipment can result in: 

– bridging within PS2, PS3 and ES3  circuits; or 
– bridging an ES3 circuit to accessible, unearthed conductive parts, 

top and side openings above PS2, PS3 and ES3 circuits shall: 

– be located more than 1,8 m above the floor; or 
– comply with Annex P. 

Compliance is checked by inspection or according to Annex P. 

5 Electrically-caused injury 

5.1 General 

To reduce the likelihood of painful effects and injury due to electric current passing through 
the human body, equipment shall be provided with the safeguards specified in Clause 5. 
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5.2 Classification and limits of electrical energy sources 

5.2.1 Electrical energy source classifications 

5.2.1.1 ES1 

ES1 is a class 1 electrical energy source with current or voltage levels  

– not exceeding ES1 limits under 

¶ normal operating conditions, and 

¶ abnormal operating conditions, and 

¶ single fault conditions of a component, device or insulation not serving as a 
safeguard; and  

– not exceeding ES2 limits under single faultconditions of a basic safeguard. 

5.2.1.2 ES2 

ES2 is a class 2 electrical energy source where 

– both the prospective touch voltage and the touch current exceed the limits for ES1; 
and  

– under 

¶ normal operating conditions, and 

¶ abnormal operating conditions, and 

¶ single fault conditions, 

either the prospective touch voltage or the touch current does not exceed the limit for ES2. 

5.2.1.3 ES3 

ES3 is a class 3 electrical energy source where both the prospective touch voltage and 
touch current exceed the limit for ES2. 

5.2.2 Electrical energy source ES1 and ES2 limits 

5.2.2.1 General 

The limits specified in 5.2.2 are with respect to earth or with respect to an accessible part. 

NOTE Throughout 5.2.2, the term “voltage” is taken to mean “prospective touch voltage.” Likewise, the term 
“current” is taken to mean “touch current.” 
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b) for components in series with the mains input to the equipment such as the supply cord, appliance 
coupler, r.f.i. filter and switch, short-circuit and earth fault protection may be provided by protective 
devices in the building installation;

c) it is permitted for pluggable equipment type B or permanently connected equipment, to rely on 
dedicated overcurrent and short-circuit protection in the building installation, provided that the means of 
protection, e.g. fuses or circuit breakers, is fully specified in the installation instructions.

If reliance is placed on protection in the building installation, the installation instructions shall so state, 
except that for pluggable equipment type A the building installation shall be regarded as providing 
protection in accordance with the rating of the wall socket outlet._
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5.2 Classification and limits of electrical energy sources 

5.2.1 Electrical energy source classifications 

5.2.1.1 ES1 

ES1 is a class 1 electrical energy source with current or voltage levels  

– not exceeding ES1 limits under 

¶ normal operating conditions, and 

¶ abnormal operating conditions, and 

¶ single fault conditions of a component, device or insulation not serving as a 
safeguard; and  

– not exceeding ES2 limits under single faultconditions of a basic safeguard. 

5.2.1.2 ES2 

ES2 is a class 2 electrical energy source where 

– both the prospective touch voltage and the touch current exceed the limits for ES1; 
and  

– under 

¶ normal operating conditions, and 

¶ abnormal operating conditions, and 

¶ single fault conditions, 

either the prospective touch voltage or the touch current does not exceed the limit for ES2. 

5.2.1.3 ES3 

ES3 is a class 3 electrical energy source where both the prospective touch voltage and 
touch current exceed the limit for ES2. 

5.2.2 Electrical energy source ES1 and ES2 limits 

5.2.2.1 General 

The limits specified in 5.2.2 are with respect to earth or with respect to an accessible part. 

NOTE Throughout 5.2.2, the term “voltage” is taken to mean “prospective touch voltage.” Likewise, the term 
“current” is taken to mean “touch current.” 
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Figure 21 – Illustration showing ES limits for voltage and current 

For any voltage up to the voltage limit, there is no limit for the current. Likewise for any 
current up to the current limit, there is no limit for the voltage, see Figure 21. 

5.2.2.2 Steady-state voltage and current limits 

An electrical energy source class is determined from both the voltage and the current under 
normal operating conditions, abnormal operating conditions, and single fault conditions 
(see Table 4). 

The values are the maximum that can be delivered by the source. Steady state is considered 
established when the voltage or current values persist for 2 s or longer, otherwise the limits of 
5.2.2.3, 5.2.2.4 or 5.2.2.5 apply, as appropriate. 

NOTE In Denmark a warning (marking safeguard) for high touch current is required if the touch current 
exceeds the limits of 3,5 mA a.c. or 10 mA d.c. 
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unfavourable place and in the most unfavourable direction. The force shall be applied in one 
direction at a time. 

The battery compartment door / cover shall remain functional, and: 

- the battery shall not become accessible; or 

- it shall not be possible remove the battery from the product with the test hook of Figure 20 
using a force of approximately 20 N. 
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Material: steel Dimensions in millimetres 

Figure 20 – Test hook 

4.9 Likelihood of fire or shock due to entry of conductive objects 

Where the entry of a conductive object from outside the equipment or from another part of the 
equipment can result in: 

– bridging within PS2, PS3 and ES3  circuits; or 
– bridging an ES3 circuit to accessible, unearthed conductive parts, 

top and side openings above PS2, PS3 and ES3 circuits shall: 

– be located more than 1,8 m above the floor; or 
– comply with Annex P. 

Compliance is checked by inspection or according to Annex P. 

5 Electrically-caused injury 

5.1 General 

To reduce the likelihood of painful effects and injury due to electric current passing through 
the human body, equipment shall be provided with the safeguards specified in Clause 5. 

BS EN 62368-1:2014

62368-1 © IEC:2014 – 73 – 

5.2 Classification and limits of electrical energy sources 

5.2.1 Electrical energy source classifications 

5.2.1.1 ES1 

ES1 is a class 1 electrical energy source with current or voltage levels  

– not exceeding ES1 limits under 

¶ normal operating conditions, and 

¶ abnormal operating conditions, and 

¶ single fault conditions of a component, device or insulation not serving as a 
safeguard; and  

– not exceeding ES2 limits under single faultconditions of a basic safeguard. 

5.2.1.2 ES2 

ES2 is a class 2 electrical energy source where 

– both the prospective touch voltage and the touch current exceed the limits for ES1; 
and  

– under 

¶ normal operating conditions, and 

¶ abnormal operating conditions, and 

¶ single fault conditions, 

either the prospective touch voltage or the touch current does not exceed the limit for ES2. 

5.2.1.3 ES3 

ES3 is a class 3 electrical energy source where both the prospective touch voltage and 
touch current exceed the limit for ES2. 

5.2.2 Electrical energy source ES1 and ES2 limits 

5.2.2.1 General 

The limits specified in 5.2.2 are with respect to earth or with respect to an accessible part. 

NOTE Throughout 5.2.2, the term “voltage” is taken to mean “prospective touch voltage.” Likewise, the term 
“current” is taken to mean “touch current.” 
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Table 4 – Electrical energy source limits for steady-state ES1 and ES2 

Energy 
source 

ES1 limits ES2 limits 
ES3 

Voltage Current a, c Voltage Current b, c 

d.c. 60 V 2 mA 120 V 25 mA 

> ES2 

a.c up to 
1 kHz 

30 V r.m.s. 
42,4 V peak 

0,5 mA r.m.s 
 

0,707 mA peak 

50 V r.m.s. 
70,7 V peak 

5 mA r.m.s. 
 

7,07 mA peak 

a.c.  
> 1 kHz up 
to 100 kHz 

30 V r.m.s. + 0,4 f 50 V r.m.s. + 0,9 f 

a.c above 
100 kHz 70 V r.m.s. 140 V r.m.s. 

Combined  
a.c. and 

d.c. 

1
30

r.m.s.V 
60

V acdc ¢+
UU  

1
42,4

peakV 
60

V acdc ¢+
UU  

1
0,5

r.m.s.mA 
2
mA acdc ¢+

II  

 

1
0,707

peakmA 
2
mA acdc ¢+

II  
See Figure 23 See Figure 22 

The formulation below as a function of frequency may be of interest to designers for sinusoidal waveforms 

Energy 
source 

ES1 limits ES2 limits 

ES3 Current c  

r.m.s. 

Current c  

r.m.s. 

a.c up to 
1 kHz 0,5 mA 5 mA 

> ES2 a.c.  
> 1 kHz up 
to 100 kHz 

0,5 mA ³ f d 5 mA + 0,95 f e 

a.c above 
100 kHz 50 mA d 100 mA e 

f is in kHz. 

Peak values shall be used for non-sinusoidal voltage and current. RMS values may be used only for sinusoidal voltage 
and current. 

See 5.7 for measurement of prospective touch voltage and touch current. 

a Current is measured using the measuring network specified in Figure 4, IEC 60990:1999. 

b Current is measured using the measuring network specified in Figure 5, IEC 60990:1999. 

c For sinusoidal waveforms and d.c., the current may be measured using a 2 000 W resistor. 

d Above 22 kHz the accessible area is limited to 1 cm2. 

e Above 36 kHz the accessible area is limited to 1 cm2. 

Under normal operating conditions, abnormal operating conditions and single fault 
conditions (except for a safeguard fault), touch voltage or touch current shall be measured 
from all unearthed accessible conductive parts. Touch current (current a and current b of 
Table 4) shall be measured in accordance with 5.1.1 and 6.2.1 of IEC 60990:1999. 

Under single fault conditions of a relevant basic safeguard or a supplementary 
safeguard, including 6.2.2.1 of IEC 60990:1999, touch voltage or touch current shall be 
measured from all unearthed accessible conductive parts. Touch current (current b of 
Table 4) shall be measured with the network specified in Figure 5 of IEC 60990:1999. 
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peakmA 
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The formulation below as a function of frequency may be of interest to designers for sinusoidal waveforms 
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ES3 Current c  
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Current c  
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and current. 

See 5.7 for measurement of prospective touch voltage and touch current. 
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from all unearthed accessible conductive parts. Touch current (current a and current b of 
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Under single fault conditions of a relevant basic safeguard or a supplementary 
safeguard, including 6.2.2.1 of IEC 60990:1999, touch voltage or touch current shall be 
measured from all unearthed accessible conductive parts. Touch current (current b of 
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Table 4 – Electrical energy source limits for steady-state ES1 and ES2 
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peakV 
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2
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See Figure 23 See Figure 22 

The formulation below as a function of frequency may be of interest to designers for sinusoidal waveforms 
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ES3 Current c  
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Current c  

r.m.s. 

a.c up to 
1 kHz 0,5 mA 5 mA 

> ES2 a.c.  
> 1 kHz up 
to 100 kHz 

0,5 mA × f d 5 mA + 0,95 f e 

a.c above 
100 kHz 50 mA d 100 mA e 

f is in kHz. 
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and current. 

See 5.7 for measurement of prospective touch voltage and touch current. 
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d Above 22 kHz the accessible area is limited to 1 cm2. 
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from all unearthed accessible conductive parts. Touch current (current a and current b of 
Table 4) shall be measured in accordance with 5.1.1 and 6.2.1 of IEC 60990:1999. 

Under single fault conditions of a relevant basic safeguard or a supplementary 
safeguard, including 6.2.2.1 of IEC 60990:1999, touch voltage or touch current shall be 
measured from all unearthed accessible conductive parts. Touch current (current b of 
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The formulation below as a function of frequency may be of interest to designers for sinusoidal waveforms 
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Peak values shall be used for non-sinusoidal voltage and current. RMS values may be used only for sinusoidal voltage 
and current. 

See 5.7 for measurement of prospective touch voltage and touch current. 
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measured from all unearthed accessible conductive parts. Touch current (current b of 
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5.2.2.3 Capacitance limits 

Where the electrical energy source is a capacitor, the energy source is classified from both 
the charge voltage and the capacitance. 
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The capacitance is the rated value of the capacitor plus the specified tolerance. 

The ES1 and ES2 limits for various capacitance values are listed in Table 5 . 

NOTE 1 The capacitance values for ES2 are derived from Table A.2 of IEC/TS 61201:2007. 

NOTE 2 The values for ES1 are calculated by dividing the values from Table A.2 of IEC/TS 61201:2007, by 
two (2). 

Table 5 – Electrical energy source limits for a charged capacitor  

C 
nF 

ES1 
Upeak 

V 

ES2 
Upeak 

V 

ES3 
Upeak 

V 

300 or greater 60 120 

> ES2  

170 75 150 

91 100 200 

61 125 250 

41 150 300 

28 200 400 

18 250 500 

12 350 700 

8,0 500 1 000 

4,0 1 000 2 000 

1,6 2 500 5 000 

0,8 5 000 10 000 

0,4 10 000 20 000 

0,2 20 000 40 000 

0,133 or less 25 000 50 000 

Linear interpolation may be used between the nearest two points. 

5.2.2.4 Single pulse limits 

Where the electrical energy source is a single pulse, the energy source is classified from both 
the voltage and the duration or from both the current and the duration. Values are given in 
Table 6 and Table 7. If the voltage exceeds the limit, then the current shall not exceed the 
limit. If the current exceeds the limit, the voltage shall not exceed the limit. Currents are 
measured according to 5.7. For repetitive pulses, see 5.2.2.5. 

For pulse durations up to 10 ms, the voltage or current limit for 10 ms applies. 

If more than one pulse is detected within a period of 3 s, then the electrical energy source is 
treated as a repetitive pulse and the limits of 5.2.2.5 apply. 

NOTE 1 The pulse limits are calculated from IEC/TS 60479-1:2005, Figure 22 and Table 10. 

NOTE 2 These single pulses do not include transients. 

NOTE 3 Pulse duration is considered to be the time duration when the voltage or current exceeds ES1 limits. 
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For pulse durations up to 10 ms, the voltage or current limit for 10 ms applies. 

If more than one pulse is detected within a period of 3 s, then the electrical energy source is 
treated as a repetitive pulse and the limits of 5.2.2.5 apply. 
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Table 6 – Voltage limits for single pulses 

Pulse duration 
up to and including 

ms 

Electrical energy source level 

ES1 
Upeak 

V 

ES2 
Upeak 

V 

ES3 
Upeak 

V 

10 

60 

196 

> ES2  

20 178 

50 150 

80 135 

100 129 

200 and longer 120 

If the time duration lies between the values in any two rows, the ES2 value of the Upeak in the 
row below shall be used or a linear interpolation may be used between any two adjacent rows 
with the calculated peak voltage value rounded down to the nearest volt. 

If the peak voltage for ES2 lies between the values in any two rows, the value of the time 
duration in the row above may be used or a linear interpolation may be used between any two 
adjacent rows with the calculated time duration rounded down to the nearest millisecond.  

Table 7 – Current limits for single pulses 

Pulse duration 
up to and including 

ms 

Electrical energy source level 

ES1 
Ipeak 

mA 

ES2 
Ipeak 

mA 

ES3 
Ipeak 

mA 

10 

2 

200 

> ES2  

20 153 

50 107 

100 81 

200 62 

500 43 

1 000 33 

2 000 and longer 25 

If the time duration lies between the values in any two rows, the ES2 value of the Ipeak in the 
row below shall be used or a linear interpolation may be used between any two adjacent rows 
with the calculated value rounded down to the nearest milliampere. 

If the peak current for ES2 lies between the values in any two rows, the value of the time 
duration in the row above may be used or a linear interpolation may be used between any two 
adjacent rows with the calculated time duration rounded down to the nearest millisecond. 

5.2.2.5 Limits for repetitive pulses 

Except for pulses covered in Annex H, a repetitive pulse electrical energy source class is 
determined from either the available voltage or the available current (see Table 8 ). If the 
voltage exceeds the limit, then the current shall not exceed the limit. If the current exceeds 
the limit, the voltage shall not exceed the limit. Currents are measured according to 5.7. 
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Table 8 – Electrical energy source limits for repetitive pulses 

Pulse off time  ES1 ES2 ES3 

Less than 3 s 
Current 0,707 mA peak 7,07 mA peak 

> ES2  
Voltage 42,4 V peak 70,7 V peak 

3 s or more 
Current 

See 5.2.2.4 See 5.2.2.4 
Voltage 

5.2.2.6 Ringing signals 

Where the electrical energy source is an analogue telephone network ringing signal as 
defined in Annex H, the energy source class is considered ES2. 

5.2.2.7 Audio signals 

For electrical energy sources comprised of audio signals, see Clause E.1. 

5.3 Protection against electrical energy sources 

5.3.1 General 

Except as given below, protection requirements for parts accessible to ordinary persons, 
instructed persons, and skilled persons are given in 4.3.  

Bare conductors at ES3 shall be located or guarded so that unintentional contact with such 
conductors during service operations by a skilled person is unlikely (see Figure 19). 

5.3.2 Accessibility to electrical energy sources and safeguards 

5.3.2.1 Requirements 

For ordinary persons, the following shall not be accessible: 

– bare parts at ES2, except for the pins of connectors. However, such pins shall not be 
accessible under normal operating conditions by the blunt probe of Figure V.3; and 

– bare parts at ES3; and 

– an ES3 basic safeguard. 

For instructed persons, the following shall not be accessible: 

– bare parts at ES3; and 

– an ES3 basic safeguard. 

5.3.2.2 Contact requirements 

For ES3 voltages up to 420 V peak, the appropriate test probe from Annex V shall not contact 
a bare internal conductive part. 

For ES3 voltages above 420 V peak, the appropriate test probe from Annex V shall not 
contact a bare internal conductive part and shall have an air gap from that part 
(see Figure 24). 

The air gap shall either: 

a) pass an electric strength test in accordance with 5.4.9.1 at a test voltage (d.c. or peak 
a.c.) that is equal to the test voltage for basic insulation in Table 27 corresponding to the 
peak working voltage; or 
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conductors during service operations by a skilled person is unlikely (see Figure 19). 

5.3.2 Accessibility to electrical energy sources and safeguards 

5.3.2.1 Requirements 

For ordinary persons, the following shall not be accessible: 

– bare parts at ES2, except for the pins of connectors. However, such pins shall not be 
accessible under normal operating conditions by the blunt probe of Figure V.3; and 

– bare parts at ES3; and 

– an ES3 basic safeguard. 

For instructed persons, the following shall not be accessible: 

– bare parts at ES3; and 

– an ES3 basic safeguard. 

5.3.2.2 Contact requirements 

For ES3 voltages up to 420 V peak, the appropriate test probe from Annex V shall not contact 
a bare internal conductive part. 

For ES3 voltages above 420 V peak, the appropriate test probe from Annex V shall not 
contact a bare internal conductive part and shall have an air gap from that part 
(see Figure 24). 

The air gap shall either: 

a) pass an electric strength test in accordance with 5.4.9.1 at a test voltage (d.c. or peak 
a.c.) that is equal to the test voltage for basic insulation in Table 27 corresponding to the 
peak working voltage; or 
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Table 8 – Electrical energy source limits for repetitive pulses 

Pulse off time  ES1 ES2 ES3 

Less than 3 s 
Current 0,707 mA peak 7,07 mA peak 

> ES2  
Voltage 42,4 V peak 70,7 V peak 

3 s or more 
Current 

See 5.2.2.4 See 5.2.2.4 
Voltage 

5.2.2.6 Ringing signals 

Where the electrical energy source is an analogue telephone network ringing signal as 
defined in Annex H, the energy source class is considered ES2. 

5.2.2.7 Audio signals 

For electrical energy sources comprised of audio signals, see Clause E.1. 

5.3 Protection against electrical energy sources 

5.3.1 General 

Except as given below, protection requirements for parts accessible to ordinary persons, 
instructed persons, and skilled persons are given in 4.3.  

Bare conductors at ES3 shall be located or guarded so that unintentional contact with such 
conductors during service operations by a skilled person is unlikely (see Figure 19). 

5.3.2 Accessibility to electrical energy sources and safeguards 

5.3.2.1 Requirements 

For ordinary persons, the following shall not be accessible: 

– bare parts at ES2, except for the pins of connectors. However, such pins shall not be 
accessible under normal operating conditions by the blunt probe of Figure V.3; and 

– bare parts at ES3; and 

– an ES3 basic safeguard. 

For instructed persons, the following shall not be accessible: 

– bare parts at ES3; and 

– an ES3 basic safeguard. 

5.3.2.2 Contact requirements 

For ES3 voltages up to 420 V peak, the appropriate test probe from Annex V shall not contact 
a bare internal conductive part. 

For ES3 voltages above 420 V peak, the appropriate test probe from Annex V shall not 
contact a bare internal conductive part and shall have an air gap from that part 
(see Figure 24). 

The air gap shall either: 

a) pass an electric strength test in accordance with 5.4.9.1 at a test voltage (d.c. or peak 
a.c.) that is equal to the test voltage for basic insulation in Table 27 corresponding to the 
peak working voltage; or 
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b) have a minimum distance according Table 9. 

 

Air gap 
Test probe 

Enclosure 
or barrier Bare internal conductive part 

IEC   0347/14  

Figure 24 – Contact requirements to bare internal conductive parts 

Table 9 – Minimum air gap distance 

Peak working voltage 
Air gap distance 

mm 

V peak or d.c. 

up to and including 

Pollution degree 

2 3 

> 420 and ≤ 1 000 0,2 

0,8 1 200 0,25 

1 500 0,5 

2 000 1,0 

2 500 1,5 

3 000 2,0 

4 000 3,0 

5 000 4,0 

6 000 5,5 

8 000 8,0 

10 000 11 

12 000 14 

15 000 18 

20 000 25 

25 000 33 

30 000 40 

40 000 60 

50 000 75 

60 000 90  

80 000 130 

100 000 170 

Linear interpolation may be used between the nearest two 
points, the calculated minimum air gap distance being rounded 
up to the next higher 0,1 mm increment or the value in the next 
row below whichever is lower. 
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5.3.2.3 Compliance criteria 

Compliance is checked by the test of Clause T.3. 

In addition, for bare ES3 parts at a voltage above 420 V peak, compliance is checked by 
distance measurement or by an electric strength test. 

Components and subassemblies that comply with their respective IEC standards do not have 
to be tested when such components and subassemblies are used in the final product. 

5.3.2.4 Terminals for connecting stripped wire 

The use of a stripped wire to make connection with its associated terminal intended to be 
used by an ordinary person shall not result in contact with ES2 or ES3 (for audio signal 
voltages, see Table E.1 for values of ES2 and ES3). Parts of audio signal terminals provided 
with one of the safeguards in Table E.1 are not tested. 

Compliance is checked by the test of V.1.6 for each wire terminal opening as well as any 
other openings within 25 mm from the terminal. During the test, no portion of the probe 
inserted into the terminal or opening shall contact ES2 or ES3. 

5.4 Insulation materials and requirements 

5.4.1 General 

5.4.1.1 Insulation 

Insulation consisting of insulating materials, clearances, creepage distances and solid 
insulation, and that is providing a safeguard function is designated basic insulation, 
supplementary insulation, double insulation, or reinforced insulation. 

5.4.1.2 Properties of insulating material 

The choice and application of insulating material shall take into account the needs for 
electrical strength, mechanical strength, dimension, frequency of the working voltage and 
other properties for the working environment (temperature, pressure, humidity and pollution) 
as specified in Clause 5 and Annex T. 

Insulating material shall not be hygroscopic as determined by 5.4.1.3. 

5.4.1.3 Compliance criteria 

Compliance is checked by inspection and, where necessary, by evaluation of the data for the 
material. 

Where necessary, if the data does not confirm that the material is non-hygroscopic, the 
hygroscopic nature of the material is determined by subjecting the component or subassembly 
using the insulation in question to the humidity treatment of 5.4.8. The insulation is then 
subjected to the relevant electric strength test of 5.4.9.1 while still in the humidity chamber, or 
in the room in which the samples were brought to the prescribed temperature. 

5.4.1.4 Maximum operating temperatures for materials, components and systems 

5.4.1.4.1 Requirements 

Under normal operating conditions, insulating material temperatures shall not exceed the 
temperature limit of the EIS, including insulating materials of components, or the maximum 
temperature limit of the insulation system as given in Table 10. 
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5.3.2.3 Compliance criteria 

Compliance is checked by the test of Clause T.3. 

In addition, for bare ES3 parts at a voltage above 420 V peak, compliance is checked by 
distance measurement or by an electric strength test. 

Components and subassemblies that comply with their respective IEC standards do not have 
to be tested when such components and subassemblies are used in the final product. 

5.3.2.4 Terminals for connecting stripped wire 

The use of a stripped wire to make connection with its associated terminal intended to be 
used by an ordinary person shall not result in contact with ES2 or ES3 (for audio signal 
voltages, see Table E.1 for values of ES2 and ES3). Parts of audio signal terminals provided 
with one of the safeguards in Table E.1 are not tested. 

Compliance is checked by the test of V.1.6 for each wire terminal opening as well as any 
other openings within 25 mm from the terminal. During the test, no portion of the probe 
inserted into the terminal or opening shall contact ES2 or ES3. 

5.4 Insulation materials and requirements 

5.4.1 General 

5.4.1.1 Insulation 

Insulation consisting of insulating materials, clearances, creepage distances and solid 
insulation, and that is providing a safeguard function is designated basic insulation, 
supplementary insulation, double insulation, or reinforced insulation. 

5.4.1.2 Properties of insulating material 

The choice and application of insulating material shall take into account the needs for 
electrical strength, mechanical strength, dimension, frequency of the working voltage and 
other properties for the working environment (temperature, pressure, humidity and pollution) 
as specified in Clause 5 and Annex T. 

Insulating material shall not be hygroscopic as determined by 5.4.1.3. 

5.4.1.3 Compliance criteria 

Compliance is checked by inspection and, where necessary, by evaluation of the data for the 
material. 

Where necessary, if the data does not confirm that the material is non-hygroscopic, the 
hygroscopic nature of the material is determined by subjecting the component or subassembly 
using the insulation in question to the humidity treatment of 5.4.8. The insulation is then 
subjected to the relevant electric strength test of 5.4.9.1 while still in the humidity chamber, or 
in the room in which the samples were brought to the prescribed temperature. 

5.4.1.4 Maximum operating temperatures for materials, components and systems 

5.4.1.4.1 Requirements 

Under normal operating conditions, insulating material temperatures shall not exceed the 
temperature limit of the EIS, including insulating materials of components, or the maximum 
temperature limit of the insulation system as given in Table 10. 
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5.3.2.3 Compliance criteria 

Compliance is checked by the test of Clause T.3. 

In addition, for bare ES3 parts at a voltage above 420 V peak, compliance is checked by 
distance measurement or by an electric strength test. 

Components and subassemblies that comply with their respective IEC standards do not have 
to be tested when such components and subassemblies are used in the final product. 

5.3.2.4 Terminals for connecting stripped wire 

The use of a stripped wire to make connection with its associated terminal intended to be 
used by an ordinary person shall not result in contact with ES2 or ES3 (for audio signal 
voltages, see Table E.1 for values of ES2 and ES3). Parts of audio signal terminals provided 
with one of the safeguards in Table E.1 are not tested. 

Compliance is checked by the test of V.1.6 for each wire terminal opening as well as any 
other openings within 25 mm from the terminal. During the test, no portion of the probe 
inserted into the terminal or opening shall contact ES2 or ES3. 

5.4 Insulation materials and requirements 

5.4.1 General 

5.4.1.1 Insulation 

Insulation consisting of insulating materials, clearances, creepage distances and solid 
insulation, and that is providing a safeguard function is designated basic insulation, 
supplementary insulation, double insulation, or reinforced insulation. 

5.4.1.2 Properties of insulating material 

The choice and application of insulating material shall take into account the needs for 
electrical strength, mechanical strength, dimension, frequency of the working voltage and 
other properties for the working environment (temperature, pressure, humidity and pollution) 
as specified in Clause 5 and Annex T. 

Insulating material shall not be hygroscopic as determined by 5.4.1.3. 

5.4.1.3 Compliance criteria 

Compliance is checked by inspection and, where necessary, by evaluation of the data for the 
material. 

Where necessary, if the data does not confirm that the material is non-hygroscopic, the 
hygroscopic nature of the material is determined by subjecting the component or subassembly 
using the insulation in question to the humidity treatment of 5.4.8. The insulation is then 
subjected to the relevant electric strength test of 5.4.9.1 while still in the humidity chamber, or 
in the room in which the samples were brought to the prescribed temperature. 

5.4.1.4 Maximum operating temperatures for materials, components and systems 

5.4.1.4.1 Requirements 

Under normal operating conditions, insulating material temperatures shall not exceed the 
temperature limit of the EIS, including insulating materials of components, or the maximum 
temperature limit of the insulation system as given in Table 10. 
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5.3.2.3 Compliance criteria 

Compliance is checked by the test of Clause T.3. 

In addition, for bare ES3 parts at a voltage above 420 V peak, compliance is checked by 
distance measurement or by an electric strength test. 

Components and subassemblies that comply with their respective IEC standards do not have 
to be tested when such components and subassemblies are used in the final product. 

5.3.2.4 Terminals for connecting stripped wire 

The use of a stripped wire to make connection with its associated terminal intended to be 
used by an ordinary person shall not result in contact with ES2 or ES3 (for audio signal 
voltages, see Table E.1 for values of ES2 and ES3). Parts of audio signal terminals provided 
with one of the safeguards in Table E.1 are not tested. 

Compliance is checked by the test of V.1.6 for each wire terminal opening as well as any 
other openings within 25 mm from the terminal. During the test, no portion of the probe 
inserted into the terminal or opening shall contact ES2 or ES3. 

5.4 Insulation materials and requirements 

5.4.1 General 

5.4.1.1 Insulation 

Insulation consisting of insulating materials, clearances, creepage distances and solid 
insulation, and that is providing a safeguard function is designated basic insulation, 
supplementary insulation, double insulation, or reinforced insulation. 

5.4.1.2 Properties of insulating material 

The choice and application of insulating material shall take into account the needs for 
electrical strength, mechanical strength, dimension, frequency of the working voltage and 
other properties for the working environment (temperature, pressure, humidity and pollution) 
as specified in Clause 5 and Annex T. 

Insulating material shall not be hygroscopic as determined by 5.4.1.3. 

5.4.1.3 Compliance criteria 

Compliance is checked by inspection and, where necessary, by evaluation of the data for the 
material. 

Where necessary, if the data does not confirm that the material is non-hygroscopic, the 
hygroscopic nature of the material is determined by subjecting the component or subassembly 
using the insulation in question to the humidity treatment of 5.4.8. The insulation is then 
subjected to the relevant electric strength test of 5.4.9.1 while still in the humidity chamber, or 
in the room in which the samples were brought to the prescribed temperature. 

5.4.1.4 Maximum operating temperatures for materials, components and systems 

5.4.1.4.1 Requirements 

Under normal operating conditions, insulating material temperatures shall not exceed the 
temperature limit of the EIS, including insulating materials of components, or the maximum 
temperature limit of the insulation system as given in Table 10. 
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For maximum temperatures below or equal to 100 ºC, no declared insulation system is 
required. An undeclared EIS is considered to be class 105. 

5.4.1.4.2 Test method 

Insulating material temperatures are measured in accordance with B.1.6. 

The equipment or parts of the equipment are operated under normal operating conditions 
(see Clause B.2) as follows: 

– for continuous operation, until steady state conditions are established; and 

– for intermittent operation, until steady state conditions are established, using the rated 
"ON" and "OFF" periods; and 

– for short-time operation, for the operating time specified by the manufacturer. 

Components and other parts may be tested independently of the end product provided that 
the test conditions applicable to the end product are applied to the component or part. 

Equipment intended for building-in or rack-mounting, or for incorporation in larger equipment, 
is tested under the most adverse actual or simulated conditions specified in the installation 
instructions. 

5.4.1.4.3 Compliance criteria 

The temperature of the electrical insulation material or EIS shall not exceed the limits in 
Table 10. 

For a single insulating material, the declared relative temperature index information from the 
material manufacturer can be used if it is suitable for the applicable class of insulation 

For an EIS, the available thermal class data of the EIS as indicated by the manufacturer can 
be used if it is suitable for the applicable class of insulation. 

For thermal classifications above Class 105, the EIS shall comply with IEC 60085. 
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Table 10 – Temperature limits for materials, components and systems 

Part 
Maximum temperature Tmax 

°C 

Insulation, including winding insulation:  

of Class 105 (A) material or EIS  100 a 

of Class 120 (E) material or EIS 115 a 

of Class 130 (B) material or EIS 120 a 

of Class 155 (F) material or EIS 140 a 

of Class 180 (H) material or EIS 165 a 

of Class 200 (N) material or EIS 180 a 

of Class 220 (R) material or EIS 200 a 

of Class 250 material or EIS 225 a 

Insulation of internal and external wiring, including power supply cords: 

– without temperature marking 

– with temperature marking 

 

70 

 
Temperature marked on the wire or 
spool, or rating assigned by the 
manufacturer 

Other thermoplastic insulation See 5.4.1.10 

Components See also Annex G and 4.1.2 

The classes are related to the temperature classes of electrical insulating materials and EIS in accordance 
with IEC 60085. The assigned letter designations are given in parentheses. 

For each material, account shall be taken of the data for that material to determine the appropriate maximum 
temperature. 

a If the temperature of a winding is determined by thermocouples, these values are reduced by 10 K, 
except in the case of: 

a motor, or 

a winding with embedded thermocouples. 

5.4.1.5 Pollution degrees 

5.4.1.5.1 General 

The different degrees of pollution of the operating or micro-environment for products covered 
by this standard are given below. 

Pollution degree 1 

No pollution or only dry, non-conductive pollution occurs. The pollution has no influence. 

NOTE 1 Within the equipment, components or subassemblies that are sealed to exclude dust and moisture are 
examples of pollution degree 1. 

Pollution degree 2 

Only non-conductive pollution occurs except that occasionally a temporary conductivity 
caused by condensation is to be expected. 

NOTE 2 Pollution degree 2 is generally appropriate for equipment covered by the scope of this standard. 
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Table 10 – Temperature limits for materials, components and systems 

Part 
Maximum temperature Tmax 

°C 

Insulation, including winding insulation:  

of Class 105 (A) material or EIS  100 a 

of Class 120 (E) material or EIS 115 a 

of Class 130 (B) material or EIS 120 a 

of Class 155 (F) material or EIS 140 a 

of Class 180 (H) material or EIS 165 a 

of Class 200 (N) material or EIS 180 a 

of Class 220 (R) material or EIS 200 a 

of Class 250 material or EIS 225 a 

Insulation of internal and external wiring, including power supply cords: 

– without temperature marking 

– with temperature marking 

 

70 

 
Temperature marked on the wire or 
spool, or rating assigned by the 
manufacturer 

Other thermoplastic insulation See 5.4.1.10 

Components See also Annex G and 4.1.2 

The classes are related to the temperature classes of electrical insulating materials and EIS in accordance 
with IEC 60085. The assigned letter designations are given in parentheses. 

For each material, account shall be taken of the data for that material to determine the appropriate maximum 
temperature. 

a If the temperature of a winding is determined by thermocouples, these values are reduced by 10 K, 
except in the case of: 

a motor, or 

a winding with embedded thermocouples. 

5.4.1.5 Pollution degrees 

5.4.1.5.1 General 

The different degrees of pollution of the operating or micro-environment for products covered 
by this standard are given below. 

Pollution degree 1 

No pollution or only dry, non-conductive pollution occurs. The pollution has no influence. 

NOTE 1 Within the equipment, components or subassemblies that are sealed to exclude dust and moisture are 
examples of pollution degree 1. 

Pollution degree 2 

Only non-conductive pollution occurs except that occasionally a temporary conductivity 
caused by condensation is to be expected. 

NOTE 2 Pollution degree 2 is generally appropriate for equipment covered by the scope of this standard. 
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Table 10 – Temperature limits for materials, components and systems 

Part 
Maximum temperature Tmax 

°C 

Insulation, including winding insulation:  

of Class 105 (A) material or EIS  100 a 

of Class 120 (E) material or EIS 115 a 

of Class 130 (B) material or EIS 120 a 

of Class 155 (F) material or EIS 140 a 

of Class 180 (H) material or EIS 165 a 

of Class 200 (N) material or EIS 180 a 

of Class 220 (R) material or EIS 200 a 

of Class 250 material or EIS 225 a 

Insulation of internal and external wiring, including power supply cords: 

– without temperature marking 

– with temperature marking 

 

70 

 
Temperature marked on the wire or 
spool, or rating assigned by the 
manufacturer 

Other thermoplastic insulation See 5.4.1.10 

Components See also Annex G and 4.1.2 

The classes are related to the temperature classes of electrical insulating materials and EIS in accordance 
with IEC 60085. The assigned letter designations are given in parentheses. 

For each material, account shall be taken of the data for that material to determine the appropriate maximum 
temperature. 

a If the temperature of a winding is determined by thermocouples, these values are reduced by 10 K, 
except in the case of: 

a motor, or 

a winding with embedded thermocouples. 

5.4.1.5 Pollution degrees 

5.4.1.5.1 General 

The different degrees of pollution of the operating or micro-environment for products covered 
by this standard are given below. 

Pollution degree 1 

No pollution or only dry, non-conductive pollution occurs. The pollution has no influence. 

NOTE 1 Within the equipment, components or subassemblies that are sealed to exclude dust and moisture are 
examples of pollution degree 1. 

Pollution degree 2 

Only non-conductive pollution occurs except that occasionally a temporary conductivity 
caused by condensation is to be expected. 

NOTE 2 Pollution degree 2 is generally appropriate for equipment covered by the scope of this standard. 
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Table 10 – Temperature limits for materials, components and systems 

Part 
Maximum temperature Tmax 

°C 

Insulation, including winding insulation:  

of Class 105 (A) material or EIS  100 a 

of Class 120 (E) material or EIS 115 a 

of Class 130 (B) material or EIS 120 a 

of Class 155 (F) material or EIS 140 a 

of Class 180 (H) material or EIS 165 a 

of Class 200 (N) material or EIS 180 a 

of Class 220 (R) material or EIS 200 a 

of Class 250 material or EIS 225 a 

Insulation of internal and external wiring, including power supply cords: 

– without temperature marking 

– with temperature marking 

 

70 

 
Temperature marked on the wire or 
spool, or rating assigned by the 
manufacturer 

Other thermoplastic insulation See 5.4.1.10 

Components See also Annex G and 4.1.2 

The classes are related to the temperature classes of electrical insulating materials and EIS in accordance 
with IEC 60085. The assigned letter designations are given in parentheses. 

For each material, account shall be taken of the data for that material to determine the appropriate maximum 
temperature. 

a If the temperature of a winding is determined by thermocouples, these values are reduced by 10 K, 
except in the case of: 

a motor, or 

a winding with embedded thermocouples. 

5.4.1.5 Pollution degrees 

5.4.1.5.1 General 

The different degrees of pollution of the operating or micro-environment for products covered 
by this standard are given below. 

Pollution degree 1 

No pollution or only dry, non-conductive pollution occurs. The pollution has no influence. 

NOTE 1 Within the equipment, components or subassemblies that are sealed to exclude dust and moisture are 
examples of pollution degree 1. 

Pollution degree 2 

Only non-conductive pollution occurs except that occasionally a temporary conductivity 
caused by condensation is to be expected. 

NOTE 2 Pollution degree 2 is generally appropriate for equipment covered by the scope of this standard. 
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Pollution degree 3 

Conductive pollution occurs or dry non-conductive pollution occurs that becomes conductive 
due to condensation, which is to be expected. 

5.4.1.5.2 Test for pollution degree 1 environment and for an insulating compound 

A sample is subjected to the thermal cycling sequence of 5.4.1.5.3. 

It is allowed to cool to room temperature and is then subjected to the humidity conditioning of 
5.4.8.  

If the test is conducted for verification of the insulating compound forming solid insulation as 
required by 5.4.4.3, the conditioning is immediately followed by the electric strength test of 
5.4.9.1. 

For printed boards, compliance is checked by external visual inspection. There shall be no 
delamination which affects the creepage distances required to fulfil the requirements of 
pollution degree 1. 

For other than printed boards, compliance is checked by inspection of the cross-sectional 
area, and there shall be no visible voids, gaps or cracks in the insulating material. 

5.4.1.5.3 Thermal cycling test procedure 

A sample of a component or subassembly is subjected to the following sequence of tests. The 
sample is subjected 10 times to the following sequence of thermal cycling: 

68 h at (T1 ± 2) °C; 

1 h at (25  ± 2) °C; 

2 h at (0 ± 2) °C; 

≥ 1 h  at (25 ± 2) °C. 

T1 = T2 + Tma – Tamb + 10 K, measured in accordance with B.1.6, or 85 °C, whichever is 
higher. However, the 10 K margin is not added if the temperature is measured by an 
embedded thermocouple or by the resistance method. 

T2 is the temperature of the parts measured during the test of 5.4.1.4. 

The significance of Tma and Tamb are as given in B.2.6.1. 

The period of time taken for the transition from one temperature to another is not specified, 
but the transition may be gradual. 

5.4.1.6 Insulation in transformers with varying dimensions 

If the insulation of a transformer has different working voltages along the length of the 
winding, the clearances, creepage distances and distances through insulation may vary in a 
corresponding fashion. 

NOTE An example of such a construction is a 30 kV winding, consisting of multiple bobbins connected in series, 
and earthed or connected to a common point at one end. 
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5.4.1.7 Insulation in circuits generating starting pulses 

For circuits generating starting pulses exceeding ES1 (for example, to ignite a discharge 
lamp), the requirements for basic insulation, supplementary insulation and reinforced 
insulation apply to creepage distances and distances through insulation.  

NOTE 1 For working voltages in the above cases, see 5.4.1.8.1 i). 

NOTE 2 If the starting pulse is an a.c. waveform, the pulse width is determined by connecting the peak values of 
the a.c. waveform. 

The clearances are determined by one of the following methods: 

– determine the minimum clearance in accordance with 5.4.2; or 

– conduct one of the following electric strength tests, with the connection terminals of the 
starting pulse circuit (for example, a lamp) shorted together: 

¶ the test given in 5.4.9.1, or 

¶ apply 30 pulses having an amplitude equal to the required test voltage given in 5.4.9.1 
generated by an external pulse generator. The pulse width shall be equal to or greater 
than that of the internally generated starting pulse. 

Compliance is checked by inspection or test. During the test, the insulation shall show no 
breakdown or flashover. 

5.4.1.8 Determination of working voltage 

5.4.1.8.1 General 

In determining working voltages, all of the following requirements apply: 

a) unearthed accessible conductive parts are assumed to be earthed; 

b) if a transformer winding or other part is not connected to a circuit that establishes its 
potential relative to earth, the winding or other part are assumed to be earthed at a point 
by which the highest working voltage is obtained; 

c) except as specified in 5.4.1.6, for insulation between two transformer windings, the 
highest voltage between any two points in the two windings is the working voltage, taking 
into account the voltages to which the input windings will be connected; 

d) except as specified in 5.4.1.6, for insulation between a transformer winding and another 
part, the highest voltage between any point on the winding and the other part is the 
working voltage; 

e) where double insulation is used, the working voltage across the basic insulation is 
determined by imagining a short-circuit across the supplementary insulation, and vice 
versa. For double insulation between transformer windings, the short-circuit is assumed 
to take place at the point by which the highest working voltage is produced accross the 
other insulation; 

f) when the working voltage is determined by measurement, the input power supplied to the 
equipment shall be the rated voltage or the voltage within the rated voltage range that 
results in the highest measured value; 

g) the working voltage between 
– any point in the circuit supplied by the mains and any part connected to earth; and 
– any point in the circuit supplied by the mains and any point in a circuit isolated from 

the mains,  

shall be assumed to be the greater of the following: 
– the rated voltage or the upper voltage of the rated voltage range; and 
– the measured voltage; 
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5.4.1.7 Insulation in circuits generating starting pulses 

For circuits generating starting pulses exceeding ES1 (for example, to ignite a discharge 
lamp), the requirements for basic insulation, supplementary insulation and reinforced 
insulation apply to creepage distances and distances through insulation.  

NOTE 1 For working voltages in the above cases, see 5.4.1.8.1 i). 

NOTE 2 If the starting pulse is an a.c. waveform, the pulse width is determined by connecting the peak values of 
the a.c. waveform. 

The clearances are determined by one of the following methods: 

– determine the minimum clearance in accordance with 5.4.2; or 

– conduct one of the following electric strength tests, with the connection terminals of the 
starting pulse circuit (for example, a lamp) shorted together: 

¶ the test given in 5.4.9.1, or 

¶ apply 30 pulses having an amplitude equal to the required test voltage given in 5.4.9.1 
generated by an external pulse generator. The pulse width shall be equal to or greater 
than that of the internally generated starting pulse. 

Compliance is checked by inspection or test. During the test, the insulation shall show no 
breakdown or flashover. 

5.4.1.8 Determination of working voltage 

5.4.1.8.1 General 

In determining working voltages, all of the following requirements apply: 

a) unearthed accessible conductive parts are assumed to be earthed; 

b) if a transformer winding or other part is not connected to a circuit that establishes its 
potential relative to earth, the winding or other part are assumed to be earthed at a point 
by which the highest working voltage is obtained; 

c) except as specified in 5.4.1.6, for insulation between two transformer windings, the 
highest voltage between any two points in the two windings is the working voltage, taking 
into account the voltages to which the input windings will be connected; 

d) except as specified in 5.4.1.6, for insulation between a transformer winding and another 
part, the highest voltage between any point on the winding and the other part is the 
working voltage; 

e) where double insulation is used, the working voltage across the basic insulation is 
determined by imagining a short-circuit across the supplementary insulation, and vice 
versa. For double insulation between transformer windings, the short-circuit is assumed 
to take place at the point by which the highest working voltage is produced accross the 
other insulation; 

f) when the working voltage is determined by measurement, the input power supplied to the 
equipment shall be the rated voltage or the voltage within the rated voltage range that 
results in the highest measured value; 

g) the working voltage between 
– any point in the circuit supplied by the mains and any part connected to earth; and 
– any point in the circuit supplied by the mains and any point in a circuit isolated from 

the mains,  

shall be assumed to be the greater of the following: 
– the rated voltage or the upper voltage of the rated voltage range; and 
– the measured voltage; 
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5.4.1.7 Insulation in circuits generating starting pulses 

For circuits generating starting pulses exceeding ES1 (for example, to ignite a discharge 
lamp), the requirements for basic insulation, supplementary insulation and reinforced 
insulation apply to creepage distances and distances through insulation.  

NOTE 1 For working voltages in the above cases, see 5.4.1.8.1 i). 

NOTE 2 If the starting pulse is an a.c. waveform, the pulse width is determined by connecting the peak values of 
the a.c. waveform. 

The clearances are determined by one of the following methods: 

– determine the minimum clearance in accordance with 5.4.2; or 

– conduct one of the following electric strength tests, with the connection terminals of the 
starting pulse circuit (for example, a lamp) shorted together: 

¶ the test given in 5.4.9.1, or 

¶ apply 30 pulses having an amplitude equal to the required test voltage given in 5.4.9.1 
generated by an external pulse generator. The pulse width shall be equal to or greater 
than that of the internally generated starting pulse. 

Compliance is checked by inspection or test. During the test, the insulation shall show no 
breakdown or flashover. 

5.4.1.8 Determination of working voltage 

5.4.1.8.1 General 

In determining working voltages, all of the following requirements apply: 

a) unearthed accessible conductive parts are assumed to be earthed; 

b) if a transformer winding or other part is not connected to a circuit that establishes its 
potential relative to earth, the winding or other part are assumed to be earthed at a point 
by which the highest working voltage is obtained; 

c) except as specified in 5.4.1.6, for insulation between two transformer windings, the 
highest voltage between any two points in the two windings is the working voltage, taking 
into account the voltages to which the input windings will be connected; 

d) except as specified in 5.4.1.6, for insulation between a transformer winding and another 
part, the highest voltage between any point on the winding and the other part is the 
working voltage; 

e) where double insulation is used, the working voltage across the basic insulation is 
determined by imagining a short-circuit across the supplementary insulation, and vice 
versa. For double insulation between transformer windings, the short-circuit is assumed 
to take place at the point by which the highest working voltage is produced accross the 
other insulation; 

f) when the working voltage is determined by measurement, the input power supplied to the 
equipment shall be the rated voltage or the voltage within the rated voltage range that 
results in the highest measured value; 

g) the working voltage between 
– any point in the circuit supplied by the mains and any part connected to earth; and 
– any point in the circuit supplied by the mains and any point in a circuit isolated from 

the mains,  

shall be assumed to be the greater of the following: 
– the rated voltage or the upper voltage of the rated voltage range; and 
– the measured voltage; 
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5.4.1.7 Insulation in circuits generating starting pulses 

For circuits generating starting pulses exceeding ES1 (for example, to ignite a discharge 
lamp), the requirements for basic insulation, supplementary insulation and reinforced 
insulation apply to creepage distances and distances through insulation.  

NOTE 1 For working voltages in the above cases, see 5.4.1.8.1 i). 

NOTE 2 If the starting pulse is an a.c. waveform, the pulse width is determined by connecting the peak values of 
the a.c. waveform. 

The clearances are determined by one of the following methods: 

– determine the minimum clearance in accordance with 5.4.2; or 

– conduct one of the following electric strength tests, with the connection terminals of the 
starting pulse circuit (for example, a lamp) shorted together: 

¶ the test given in 5.4.9.1, or 

¶ apply 30 pulses having an amplitude equal to the required test voltage given in 5.4.9.1 
generated by an external pulse generator. The pulse width shall be equal to or greater 
than that of the internally generated starting pulse. 

Compliance is checked by inspection or test. During the test, the insulation shall show no 
breakdown or flashover. 

5.4.1.8 Determination of working voltage 

5.4.1.8.1 General 

In determining working voltages, all of the following requirements apply: 

a) unearthed accessible conductive parts are assumed to be earthed; 

b) if a transformer winding or other part is not connected to a circuit that establishes its 
potential relative to earth, the winding or other part are assumed to be earthed at a point 
by which the highest working voltage is obtained; 

c) except as specified in 5.4.1.6, for insulation between two transformer windings, the 
highest voltage between any two points in the two windings is the working voltage, taking 
into account the voltages to which the input windings will be connected; 

d) except as specified in 5.4.1.6, for insulation between a transformer winding and another 
part, the highest voltage between any point on the winding and the other part is the 
working voltage; 

e) where double insulation is used, the working voltage across the basic insulation is 
determined by imagining a short-circuit across the supplementary insulation, and vice 
versa. For double insulation between transformer windings, the short-circuit is assumed 
to take place at the point by which the highest working voltage is produced accross the 
other insulation; 

f) when the working voltage is determined by measurement, the input power supplied to the 
equipment shall be the rated voltage or the voltage within the rated voltage range that 
results in the highest measured value; 

g) the working voltage between 
– any point in the circuit supplied by the mains and any part connected to earth; and 
– any point in the circuit supplied by the mains and any point in a circuit isolated from 

the mains,  

shall be assumed to be the greater of the following: 
– the rated voltage or the upper voltage of the rated voltage range; and 
– the measured voltage; 

BS EN 62368-1:2014
 – 86 – 62368-1 © IEC:2014 

h) when determining the working voltage for an ES1 or ES2 external circuit, the normal 
operating voltages shall be taken into account. If the operating voltages are not known, 
the working voltage shall be taken as the upper limits of ES1 or ES2 as applicable. Short 
duration signals (such as telephone ringing) shall not be taken into account for 
determining working voltage; 

i) for circuits generating starting pulses (for example, discharge lamps, see 5.4.1.7), the 
peak working voltage is the peak value of the pulses with the lamp connected but before 
the lamp ignites. The frequency of the working voltage to determine the minimum 
clearance may be assumed to be less than 30 kHz. The working voltage to determine 
minimum creepage distances is the voltage measured after the ignition of the lamp; and 

j) temporary overvoltages and recurring peak voltages have to be considered. 

5.4.1.8.2 RMS working voltage 

In determining the r.m.s. working voltage, short-term conditions (for example, cadenced 
telephone ringing signals in external circuits) and non-repetitive transients (for example, due 
to atmospheric disturbances) are not taken into account. 

NOTE The creepage distances are determined from the r.m.s. working voltages. 

5.4.1.8.3 Peak working voltage 

For the peak working voltage used to determine the required withstand voltage for 
minimum clearances and test voltages for electric strength: 

– when determining the peak working voltage between circuits connected to the mains 
and circuits isolated from the mains, the voltage of any ES2 circuit, ES1 circuit or external 
circuits (including telephone ringing signals) shall be regarded as 0; 

– when determining the peak working voltage for an external circuit that does not have 
transients, the peak working voltage of repetitive signals, such as telephone ringing 
signals, shall be taken into account; 

– non-repetitive transients (for example, due to atmospheric disturbances) shall not be 
taken into account. 

5.4.1.9 Insulating surfaces 

An accessible insulating surface is considered to be covered by a thin metallic foil for 
determining clearances, creepage distances and distance through insulation (see  
Figure O.13). 

5.4.1.10 Thermoplastic parts on which conductive metallic parts are directly mounted 

5.4.1.10.1 Requirements 

Thermoplastic parts on which conductive metallic parts are directly mounted shall be 
sufficiently resistant to heat if softening of the plastic could result in the failure of a 
safeguard. 

5.4.1.10.2 Compliance criteria 

Compliance is checked by examination of the Vicat test data from the material manufacturer. 
If the data is not available, compliance is checked by either the Vicat test given below or by 
the ball pressure test of 5.4.1.10.3. 

The measured temperature during normal operating conditions, as specified in Clause B.2, 
shall be at least 15 K less than the Vicat softening temperature as specified in Vicat test B50 
of ISO 306. 

The measured temperature during abnormal operating conditions of Clause B.3 shall be 
less than the Vicat softening temperature. 
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The Vicat softening temperature of a non-metallic part supporting parts in a circuit supplied 
from the mains shall be not less than 125 °C. 

5.4.1.10.3 Ball pressure test 

Compliance is checked by examination of the ball pressure test data from the manufacturer or 
by subjecting the part to the ball pressure test according to IEC 60695-10-2. The test is made 
in a heating cabinet at a temperature of (T – Tamb + Tma + 15 ¯C) ° 2 °C (see B.2.6.1 for the 
explanation of T, Tma and Tamb). However, a thermoplastic part supporting parts in a circuit 
supplied from the mains is tested at a minimum of 125 °C. 

After the test, dimension d (diameter of the indentation) shall not exceed 2 mm. 

The test is not made if it is clear from examination of the physical characteristics of the 
material that it will meet the requirements of this test. 

5.4.2 Clearances 

5.4.2.1 General requirements 

Clearances shall be so dimensioned that the likelihood of breakdown due to 

– temporary overvoltages, and 

– transient voltages that may enter the equipment, and 

– peak working voltages that are generated within the equipment, and 

– frequencies that are generated within the equipment 

is reduced. 

All required clearances and test voltages apply to an altitude up to 2 000 m. For higher 
altitudes, the multiplication factors of 5.4.2.5 apply. 

NOTE For air gaps between contacts of safety interlocks, see Annex K. For air gaps between contacts of 
disconnect devices, see Annex L. For air gaps between contacts in components, see Annex G. For connectors, 
see G.4.1. 

Unless otherwise specified by the manufacturer and supplied with means to assure minimum 
clearances during all modes of normal operation, the voice coil and adjacent conductive parts 
of a loudspeaker are considered to be conductively connected. 

To determine the clearance, the highest value of the following two procedures shall be used: 

Procedure 1: Determine clearances according to 5.4.2.2 using the peak working voltage. 

Procedure 2: Determine clearances according to 5.4.2.3 using the required withstand 
voltages. Alternatively, the adequacy of clearances may be determined using an electric 
strength test according to 5.4.2.4, in which case the values according to procedure 1 shall be 
maintained. 

5.4.2.2 Procedure for determining clearance using peak working voltage  

To determine the peak working voltage, the highest voltage of the following is taken into 
account as applicable: 

– steady state voltages; and 

– recurring peak voltages to be taken as 1,1 times the mains voltage (see 5.3.3.2.4 of 
IEC 60664-1:2007); and 
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The Vicat softening temperature of a non-metallic part supporting parts in a circuit supplied 
from the mains shall be not less than 125 °C. 

5.4.1.10.3 Ball pressure test 

Compliance is checked by examination of the ball pressure test data from the manufacturer or 
by subjecting the part to the ball pressure test according to IEC 60695-10-2. The test is made 
in a heating cabinet at a temperature of (T – Tamb + Tma + 15 ¯C) ° 2 °C (see B.2.6.1 for the 
explanation of T, Tma and Tamb). However, a thermoplastic part supporting parts in a circuit 
supplied from the mains is tested at a minimum of 125 °C. 

After the test, dimension d (diameter of the indentation) shall not exceed 2 mm. 

The test is not made if it is clear from examination of the physical characteristics of the 
material that it will meet the requirements of this test. 

5.4.2 Clearances 

5.4.2.1 General requirements 

Clearances shall be so dimensioned that the likelihood of breakdown due to 

– temporary overvoltages, and 

– transient voltages that may enter the equipment, and 

– peak working voltages that are generated within the equipment, and 

– frequencies that are generated within the equipment 

is reduced. 

All required clearances and test voltages apply to an altitude up to 2 000 m. For higher 
altitudes, the multiplication factors of 5.4.2.5 apply. 

NOTE For air gaps between contacts of safety interlocks, see Annex K. For air gaps between contacts of 
disconnect devices, see Annex L. For air gaps between contacts in components, see Annex G. For connectors, 
see G.4.1. 

Unless otherwise specified by the manufacturer and supplied with means to assure minimum 
clearances during all modes of normal operation, the voice coil and adjacent conductive parts 
of a loudspeaker are considered to be conductively connected. 

To determine the clearance, the highest value of the following two procedures shall be used: 

Procedure 1: Determine clearances according to 5.4.2.2 using the peak working voltage. 

Procedure 2: Determine clearances according to 5.4.2.3 using the required withstand 
voltages. Alternatively, the adequacy of clearances may be determined using an electric 
strength test according to 5.4.2.4, in which case the values according to procedure 1 shall be 
maintained. 

5.4.2.2 Procedure for determining clearance using peak working voltage  

To determine the peak working voltage, the highest voltage of the following is taken into 
account as applicable: 

– steady state voltages; and 

– recurring peak voltages to be taken as 1,1 times the mains voltage (see 5.3.3.2.4 of 
IEC 60664-1:2007); and 
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The Vicat softening temperature of a non-metallic part supporting parts in a circuit supplied 
from the mains shall be not less than 125 °C. 

5.4.1.10.3 Ball pressure test 

Compliance is checked by examination of the ball pressure test data from the manufacturer or 
by subjecting the part to the ball pressure test according to IEC 60695-10-2. The test is made 
in a heating cabinet at a temperature of (T – Tamb + Tma + 15 ¯C) ° 2 °C (see B.2.6.1 for the 
explanation of T, Tma and Tamb). However, a thermoplastic part supporting parts in a circuit 
supplied from the mains is tested at a minimum of 125 °C. 

After the test, dimension d (diameter of the indentation) shall not exceed 2 mm. 

The test is not made if it is clear from examination of the physical characteristics of the 
material that it will meet the requirements of this test. 

5.4.2 Clearances 

5.4.2.1 General requirements 

Clearances shall be so dimensioned that the likelihood of breakdown due to 

– temporary overvoltages, and 

– transient voltages that may enter the equipment, and 

– peak working voltages that are generated within the equipment, and 

– frequencies that are generated within the equipment 

is reduced. 

All required clearances and test voltages apply to an altitude up to 2 000 m. For higher 
altitudes, the multiplication factors of 5.4.2.5 apply. 

NOTE For air gaps between contacts of safety interlocks, see Annex K. For air gaps between contacts of 
disconnect devices, see Annex L. For air gaps between contacts in components, see Annex G. For connectors, 
see G.4.1. 

Unless otherwise specified by the manufacturer and supplied with means to assure minimum 
clearances during all modes of normal operation, the voice coil and adjacent conductive parts 
of a loudspeaker are considered to be conductively connected. 

To determine the clearance, the highest value of the following two procedures shall be used: 

Procedure 1: Determine clearances according to 5.4.2.2 using the peak working voltage. 

Procedure 2: Determine clearances according to 5.4.2.3 using the required withstand 
voltages. Alternatively, the adequacy of clearances may be determined using an electric 
strength test according to 5.4.2.4, in which case the values according to procedure 1 shall be 
maintained. 

5.4.2.2 Procedure for determining clearance using peak working voltage  

To determine the peak working voltage, the highest voltage of the following is taken into 
account as applicable: 

– steady state voltages; and 

– recurring peak voltages to be taken as 1,1 times the mains voltage (see 5.3.3.2.4 of 
IEC 60664-1:2007); and 
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The Vicat softening temperature of a non-metallic part supporting parts in a circuit supplied 
from the mains shall be not less than 125 °C. 

5.4.1.10.3 Ball pressure test 

Compliance is checked by examination of the ball pressure test data from the manufacturer or 
by subjecting the part to the ball pressure test according to IEC 60695-10-2. The test is made 
in a heating cabinet at a temperature of (T – Tamb + Tma + 15 ¯C) ° 2 °C (see B.2.6.1 for the 
explanation of T, Tma and Tamb). However, a thermoplastic part supporting parts in a circuit 
supplied from the mains is tested at a minimum of 125 °C. 

After the test, dimension d (diameter of the indentation) shall not exceed 2 mm. 

The test is not made if it is clear from examination of the physical characteristics of the 
material that it will meet the requirements of this test. 

5.4.2 Clearances 

5.4.2.1 General requirements 

Clearances shall be so dimensioned that the likelihood of breakdown due to 

– temporary overvoltages, and 

– transient voltages that may enter the equipment, and 

– peak working voltages that are generated within the equipment, and 

– frequencies that are generated within the equipment 

is reduced. 

All required clearances and test voltages apply to an altitude up to 2 000 m. For higher 
altitudes, the multiplication factors of 5.4.2.5 apply. 

NOTE For air gaps between contacts of safety interlocks, see Annex K. For air gaps between contacts of 
disconnect devices, see Annex L. For air gaps between contacts in components, see Annex G. For connectors, 
see G.4.1. 

Unless otherwise specified by the manufacturer and supplied with means to assure minimum 
clearances during all modes of normal operation, the voice coil and adjacent conductive parts 
of a loudspeaker are considered to be conductively connected. 

To determine the clearance, the highest value of the following two procedures shall be used: 

Procedure 1: Determine clearances according to 5.4.2.2 using the peak working voltage. 

Procedure 2: Determine clearances according to 5.4.2.3 using the required withstand 
voltages. Alternatively, the adequacy of clearances may be determined using an electric 
strength test according to 5.4.2.4, in which case the values according to procedure 1 shall be 
maintained. 

5.4.2.2 Procedure for determining clearance using peak working voltage  

To determine the peak working voltage, the highest voltage of the following is taken into 
account as applicable: 

– steady state voltages; and 

– recurring peak voltages to be taken as 1,1 times the mains voltage (see 5.3.3.2.4 of 
IEC 60664-1:2007); and 
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– temporary overvoltages as given below (see also 5.3.3.2.3 of IEC 60664-1:2007). 

The temporary overvoltage value is taken as 2 000 V peak if the nominal mains system 
voltage does not exceed 250 V and is taken as 2 500 V peak if the nominal mains system 
voltage exceeds 250 V but does not exceed 600 V. 

Alternatively, the temporary overvoltage may be determined in accordance with 5.3.3.2.3 of 
IEC 60664-1:2007 at the discretion of the manufacturer. 

The highest value of the clearance determined as given below shall be used:  

– clearance values of Table 11 for circuits with fundamental frequencies up to 30 kHz;  

– clearance values of Table 12 for circuits with fundamental frequencies higher than 
30 kHz; or 

– the highest clearance values of Table 11 and Table 12 for circuits where both frequencies 
lower than 30 kHz and higher than 30 kHz are present. 
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Table 11 – Minimum clearances for voltages with frequencies up to 30 kHz 

Peak working voltage or 
d.c. 

up to and including 

Basic insulation or supplementary 
insulation 

mm 

Reinforced 
insulation 

mm 

Pollution degree Pollution degree 

1 a 2 3 1 a 2 3 

330 0,01 

0,2 

0,8 

0,02 

0,4 

1,5 

400 0,02 0,04 

500 0,04 0,08 

600 0,06 0,12 

800 0,13 0,26 

1 000 0,26 0,26 0,52 0,52 

1 200 0,42 0,84 

1 500 0,76 1,52 1,6 

2 000 1,27 2,54 

2 500 1,8 3,6 

3 000 2,4 4,8 

4 000 3,8 7,6 

5 000 5,7 11,0 

6 000 7,9 15,8 

8 000 11,0 20 

10 000 15,2 27 

12 000 19 33 

15 000 25 42 

20 000 34 59 

25 000 44 77 

30 000 55 95 

40 000 77 131 

50 000 100 175 

60 000 120 219 

80 000 175 307 

100 000 230 395 

Linear interpolation may be used between the nearest two points, the calculated minimum clearances being 
rounded up to the next higher specified increment or the value in the next row below whichever is lower. For 
values: 

- not exceeding 0,5 mm, the specified increment is 0,01 mm; and 

- exceeding 0,5 mm, the specified increment is 0,1 mm. 

a The values for pollution degree 1 may be used if a sample complies with the tests of 5.4.1.5.2. 
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Table 11 – Minimum clearances for voltages with frequencies up to 30 kHz 
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Linear interpolation may be used between the nearest two points, the calculated minimum clearances being 
rounded up to the next higher specified increment or the value in the next row below whichever is lower. For 
values: 

- not exceeding 0,5 mm, the specified increment is 0,01 mm; and 

- exceeding 0,5 mm, the specified increment is 0,1 mm. 

a The values for pollution degree 1 may be used if a sample complies with the tests of 5.4.1.5.2. 
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20 000 34 59 

25 000 44 77 

30 000 55 95 

40 000 77 131 

50 000 100 175 

60 000 120 219 

80 000 175 307 

100 000 230 395 

Linear interpolation may be used between the nearest two points, the calculated minimum clearances being 
rounded up to the next higher specified increment or the value in the next row below whichever is lower. For 
values: 

- not exceeding 0,5 mm, the specified increment is 0,01 mm; and 

- exceeding 0,5 mm, the specified increment is 0,1 mm. 

a The values for pollution degree 1 may be used if a sample complies with the tests of 5.4.1.5.2. 
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Table 12 – Minimum clearances for voltages with frequencies above 30 kHz 

Peak working voltage 

up to and including 

Basic insulation or supplementary 
insulation 

mm 

Reinforced 
insulation 

mm 

600 0,07 0,14 

800 0,22 0,44 

1 000 0,6 1,2 

1 200 1,68 3,36 

1 400 2,82 5,64 

1 600 4,8 9,6 

1 800 8,04 16,08 

2 000 13,2 26,4 

Linear interpolation may be used between the nearest two points, the calculated minimum clearances being 
rounded up to the next higher specified increment or the value in the next row below whichever is lower. For 
values: 

- not exceeding 0,5 mm, the specified increment is 0,01 mm; and 

- exceeding 0,5 mm, the specified increment is 0,1 mm. 

For pollution degree 1, use a multiplication factor of 0,8. 

For pollution degree 3, use a multiplication factor of 1,4. 

5.4.2.3 Procedure for determining clearance using required withstand voltage 

5.4.2.3.1 General 

The dimension for a clearance that is subject to transient voltages from the mains or an 
external circuit is determined from the required withstand voltage for that clearance. 

Each clearance shall be determined using the following steps: 

– Determine the transient voltage according to 5.4.2.3.2; and 
– Determine the required withstand voltage according to 5.4.2.3.3; and 
– Determine the minimum clearance according to 5.4.2.3.4. 

5.4.2.3.2 Determining transient voltages 

5.4.2.3.2.1 General 

Transient voltages can be determined based on their origin, or can be measured in 
accordance with 5.4.2.3.2.5. 

If different transient voltages affect the same clearance, the largest of those voltages is used. 
The values are not added together. 

5.4.2.3.2.2 Determining a.c. mains transient voltages 

For equipment to be supplied from the a.c. mains, the value of the mains transient voltage 
depends on the overvoltage category and the a.c. mains voltage and is given in Table 13. In 
general, clearances in equipment intended to be connected to the a.c. mains, shall be 
designed for overvoltage category II. 

NOTE See Annex I for further guidance on the determination of overvoltage categories. 
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Equipment that is likely, when installed, to be subjected to transient voltages that exceed 
those for its design overvoltage category requires additional transient voltage protection to be 
provided external to the equipment. In this case, the installation instructions shall state the 
need for such external protection. 

Table 13 – Mains transient voltages 

AC mains voltage a 

up to and including 
Mains transient voltage b 

V peak 

V r.m.s. 
Overvoltage category 

I II III IV 

50 330 500 800 1 500 

100 c  500 800 1 500 2 500 

150 d 800 1 500 2 500 4 000 

300 e 1 500 2 500 4 000 6 000 

600 f  2 500 4 000 6 000 8 000 
a For equipment designed to be connected to a three-phase 3-wire supply, where there is no 

neutral conductor, the a.c. mains supply voltage is the line-to-line voltage. In all other 
cases, where there is a neutral conductor, it is the line-to-neutral voltage. 

b The mains transient voltage is always one of the values in the table. Interpolation is not 
permitted. 

c In Japan, the value of the mains transient voltages for the nominal a.c. mains supply 
voltage of 100 V is determined from columns applicable to the nominal a.c. mains supply 
voltage of 150 V. 

d Including 120/208 V and 120/240 V. 
e Including 230/400 V and 277/480 V. 
f Including 400/690 V. 

5.4.2.3.2.3 Determining d.c. mains transient voltages 

If an earthed d.c. power distribution system is entirely within a single building, the transient 
voltage is selected as follows: 

– if the d.c. power distribution system is earthed at a single point, the transient voltage is 
taken to be 500 V peak; or 

– if the d.c. power distribution system is earthed at the source and the equipment, the 
transient voltage is taken to be 350 V peak; or 

NOTE The connection to protective earth can be at the source of the d.c. power distribution system or at the 
equipment location, or both (see ITU-T Recommendation K.27). 

– if the cabling associated with the d.c. power distribution system is shorter than 4 m or is 
installed entirely in continuous metallic conduit, the transient voltage is taken to be 150 V 
peak. 

If a d.c. power distribution system is not earthed or is not within the same building, the 
transient voltage with respect to earth shall be taken to be equal to the mains transient 
voltage in the mains from which the d.c. power is derived. 

If the d.c. power distribution system is not within the same building, and is constructed using 
installation and protection techniques similar to those of external circuits, the transient 
voltage shall be determined using the relevant classification from 5.4.2.3.2.4. 

If equipment is supplied from a dedicated battery that has no provision for charging from a 
mains supply without removal from the equipment, the transient voltage shall be disregarded. 
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Equipment that is likely, when installed, to be subjected to transient voltages that exceed 
those for its design overvoltage category requires additional transient voltage protection to be 
provided external to the equipment. In this case, the installation instructions shall state the 
need for such external protection. 

Table 13 – Mains transient voltages 

AC mains voltage a 

up to and including 
Mains transient voltage b 

V peak 

V r.m.s. 
Overvoltage category 

I II III IV 

50 330 500 800 1 500 

100 c  500 800 1 500 2 500 

150 d 800 1 500 2 500 4 000 

300 e 1 500 2 500 4 000 6 000 

600 f  2 500 4 000 6 000 8 000 
a For equipment designed to be connected to a three-phase 3-wire supply, where there is no 

neutral conductor, the a.c. mains supply voltage is the line-to-line voltage. In all other 
cases, where there is a neutral conductor, it is the line-to-neutral voltage. 

b The mains transient voltage is always one of the values in the table. Interpolation is not 
permitted. 

c In Japan, the value of the mains transient voltages for the nominal a.c. mains supply 
voltage of 100 V is determined from columns applicable to the nominal a.c. mains supply 
voltage of 150 V. 

d Including 120/208 V and 120/240 V. 
e Including 230/400 V and 277/480 V. 
f Including 400/690 V. 

5.4.2.3.2.3 Determining d.c. mains transient voltages 

If an earthed d.c. power distribution system is entirely within a single building, the transient 
voltage is selected as follows: 

– if the d.c. power distribution system is earthed at a single point, the transient voltage is 
taken to be 500 V peak; or 

– if the d.c. power distribution system is earthed at the source and the equipment, the 
transient voltage is taken to be 350 V peak; or 

NOTE The connection to protective earth can be at the source of the d.c. power distribution system or at the 
equipment location, or both (see ITU-T Recommendation K.27). 

– if the cabling associated with the d.c. power distribution system is shorter than 4 m or is 
installed entirely in continuous metallic conduit, the transient voltage is taken to be 150 V 
peak. 

If a d.c. power distribution system is not earthed or is not within the same building, the 
transient voltage with respect to earth shall be taken to be equal to the mains transient 
voltage in the mains from which the d.c. power is derived. 

If the d.c. power distribution system is not within the same building, and is constructed using 
installation and protection techniques similar to those of external circuits, the transient 
voltage shall be determined using the relevant classification from 5.4.2.3.2.4. 

If equipment is supplied from a dedicated battery that has no provision for charging from a 
mains supply without removal from the equipment, the transient voltage shall be disregarded. 
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Equipment that is likely, when installed, to be subjected to transient voltages that exceed 
those for its design overvoltage category requires additional transient voltage protection to be 
provided external to the equipment. In this case, the installation instructions shall state the 
need for such external protection. 

Table 13 – Mains transient voltages 

AC mains voltage a 

up to and including 
Mains transient voltage b 

V peak 

V r.m.s. 
Overvoltage category 

I II III IV 

50 330 500 800 1 500 

100 c  500 800 1 500 2 500 

150 d 800 1 500 2 500 4 000 

300 e 1 500 2 500 4 000 6 000 

600 f  2 500 4 000 6 000 8 000 
a For equipment designed to be connected to a three-phase 3-wire supply, where there is no 

neutral conductor, the a.c. mains supply voltage is the line-to-line voltage. In all other 
cases, where there is a neutral conductor, it is the line-to-neutral voltage. 

b The mains transient voltage is always one of the values in the table. Interpolation is not 
permitted. 

c In Japan, the value of the mains transient voltages for the nominal a.c. mains supply 
voltage of 100 V is determined from columns applicable to the nominal a.c. mains supply 
voltage of 150 V. 

d Including 120/208 V and 120/240 V. 
e Including 230/400 V and 277/480 V. 
f Including 400/690 V. 

5.4.2.3.2.3 Determining d.c. mains transient voltages 

If an earthed d.c. power distribution system is entirely within a single building, the transient 
voltage is selected as follows: 

– if the d.c. power distribution system is earthed at a single point, the transient voltage is 
taken to be 500 V peak; or 

– if the d.c. power distribution system is earthed at the source and the equipment, the 
transient voltage is taken to be 350 V peak; or 

NOTE The connection to protective earth can be at the source of the d.c. power distribution system or at the 
equipment location, or both (see ITU-T Recommendation K.27). 

– if the cabling associated with the d.c. power distribution system is shorter than 4 m or is 
installed entirely in continuous metallic conduit, the transient voltage is taken to be 150 V 
peak. 

If a d.c. power distribution system is not earthed or is not within the same building, the 
transient voltage with respect to earth shall be taken to be equal to the mains transient 
voltage in the mains from which the d.c. power is derived. 

If the d.c. power distribution system is not within the same building, and is constructed using 
installation and protection techniques similar to those of external circuits, the transient 
voltage shall be determined using the relevant classification from 5.4.2.3.2.4. 

If equipment is supplied from a dedicated battery that has no provision for charging from a 
mains supply without removal from the equipment, the transient voltage shall be disregarded. 
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Equipment that is likely, when installed, to be subjected to transient voltages that exceed 
those for its design overvoltage category requires additional transient voltage protection to be 
provided external to the equipment. In this case, the installation instructions shall state the 
need for such external protection. 

Table 13 – Mains transient voltages 

AC mains voltage a 

up to and including 
Mains transient voltage b 

V peak 

V r.m.s. 
Overvoltage category 

I II III IV 

50 330 500 800 1 500 

100 c  500 800 1 500 2 500 

150 d 800 1 500 2 500 4 000 

300 e 1 500 2 500 4 000 6 000 

600 f  2 500 4 000 6 000 8 000 
a For equipment designed to be connected to a three-phase 3-wire supply, where there is no 

neutral conductor, the a.c. mains supply voltage is the line-to-line voltage. In all other 
cases, where there is a neutral conductor, it is the line-to-neutral voltage. 

b The mains transient voltage is always one of the values in the table. Interpolation is not 
permitted. 

c In Japan, the value of the mains transient voltages for the nominal a.c. mains supply 
voltage of 100 V is determined from columns applicable to the nominal a.c. mains supply 
voltage of 150 V. 

d Including 120/208 V and 120/240 V. 
e Including 230/400 V and 277/480 V. 
f Including 400/690 V. 

5.4.2.3.2.3 Determining d.c. mains transient voltages 

If an earthed d.c. power distribution system is entirely within a single building, the transient 
voltage is selected as follows: 

– if the d.c. power distribution system is earthed at a single point, the transient voltage is 
taken to be 500 V peak; or 

– if the d.c. power distribution system is earthed at the source and the equipment, the 
transient voltage is taken to be 350 V peak; or 

NOTE The connection to protective earth can be at the source of the d.c. power distribution system or at the 
equipment location, or both (see ITU-T Recommendation K.27). 

– if the cabling associated with the d.c. power distribution system is shorter than 4 m or is 
installed entirely in continuous metallic conduit, the transient voltage is taken to be 150 V 
peak. 

If a d.c. power distribution system is not earthed or is not within the same building, the 
transient voltage with respect to earth shall be taken to be equal to the mains transient 
voltage in the mains from which the d.c. power is derived. 

If the d.c. power distribution system is not within the same building, and is constructed using 
installation and protection techniques similar to those of external circuits, the transient 
voltage shall be determined using the relevant classification from 5.4.2.3.2.4. 

If equipment is supplied from a dedicated battery that has no provision for charging from a 
mains supply without removal from the equipment, the transient voltage shall be disregarded. 
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Equipment that is likely, when installed, to be subjected to transient voltages that exceed 
those for its design overvoltage category requires additional transient voltage protection to be 
provided external to the equipment. In this case, the installation instructions shall state the 
need for such external protection. 

Table 13 – Mains transient voltages 

AC mains voltage a 

up to and including 
Mains transient voltage b 

V peak 

V r.m.s. 
Overvoltage category 

I II III IV 

50 330 500 800 1 500 

100 c  500 800 1 500 2 500 

150 d 800 1 500 2 500 4 000 

300 e 1 500 2 500 4 000 6 000 

600 f  2 500 4 000 6 000 8 000 
a For equipment designed to be connected to a three-phase 3-wire supply, where there is no 

neutral conductor, the a.c. mains supply voltage is the line-to-line voltage. In all other 
cases, where there is a neutral conductor, it is the line-to-neutral voltage. 

b The mains transient voltage is always one of the values in the table. Interpolation is not 
permitted. 

c In Japan, the value of the mains transient voltages for the nominal a.c. mains supply 
voltage of 100 V is determined from columns applicable to the nominal a.c. mains supply 
voltage of 150 V. 

d Including 120/208 V and 120/240 V. 
e Including 230/400 V and 277/480 V. 
f Including 400/690 V. 

5.4.2.3.2.3 Determining d.c. mains transient voltages 

If an earthed d.c. power distribution system is entirely within a single building, the transient 
voltage is selected as follows: 

– if the d.c. power distribution system is earthed at a single point, the transient voltage is 
taken to be 500 V peak; or 

– if the d.c. power distribution system is earthed at the source and the equipment, the 
transient voltage is taken to be 350 V peak; or 

NOTE The connection to protective earth can be at the source of the d.c. power distribution system or at the 
equipment location, or both (see ITU-T Recommendation K.27). 

– if the cabling associated with the d.c. power distribution system is shorter than 4 m or is 
installed entirely in continuous metallic conduit, the transient voltage is taken to be 150 V 
peak. 

If a d.c. power distribution system is not earthed or is not within the same building, the 
transient voltage with respect to earth shall be taken to be equal to the mains transient 
voltage in the mains from which the d.c. power is derived. 

If the d.c. power distribution system is not within the same building, and is constructed using 
installation and protection techniques similar to those of external circuits, the transient 
voltage shall be determined using the relevant classification from 5.4.2.3.2.4. 

If equipment is supplied from a dedicated battery that has no provision for charging from a 
mains supply without removal from the equipment, the transient voltage shall be disregarded. 
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Equipment that is likely, when installed, to be subjected to transient voltages that exceed 
those for its design overvoltage category requires additional transient voltage protection to be 
provided external to the equipment. In this case, the installation instructions shall state the 
need for such external protection. 

Table 13 – Mains transient voltages 

AC mains voltage a 

up to and including 
Mains transient voltage b 

V peak 

V r.m.s. 
Overvoltage category 

I II III IV 

50 330 500 800 1 500 

100 c  500 800 1 500 2 500 

150 d 800 1 500 2 500 4 000 

300 e 1 500 2 500 4 000 6 000 

600 f  2 500 4 000 6 000 8 000 
a For equipment designed to be connected to a three-phase 3-wire supply, where there is no 

neutral conductor, the a.c. mains supply voltage is the line-to-line voltage. In all other 
cases, where there is a neutral conductor, it is the line-to-neutral voltage. 

b The mains transient voltage is always one of the values in the table. Interpolation is not 
permitted. 

c In Japan, the value of the mains transient voltages for the nominal a.c. mains supply 
voltage of 100 V is determined from columns applicable to the nominal a.c. mains supply 
voltage of 150 V. 

d Including 120/208 V and 120/240 V. 
e Including 230/400 V and 277/480 V. 
f Including 400/690 V. 

5.4.2.3.2.3 Determining d.c. mains transient voltages 

If an earthed d.c. power distribution system is entirely within a single building, the transient 
voltage is selected as follows: 

– if the d.c. power distribution system is earthed at a single point, the transient voltage is 
taken to be 500 V peak; or 

– if the d.c. power distribution system is earthed at the source and the equipment, the 
transient voltage is taken to be 350 V peak; or 

NOTE The connection to protective earth can be at the source of the d.c. power distribution system or at the 
equipment location, or both (see ITU-T Recommendation K.27). 

– if the cabling associated with the d.c. power distribution system is shorter than 4 m or is 
installed entirely in continuous metallic conduit, the transient voltage is taken to be 150 V 
peak. 

If a d.c. power distribution system is not earthed or is not within the same building, the 
transient voltage with respect to earth shall be taken to be equal to the mains transient 
voltage in the mains from which the d.c. power is derived. 

If the d.c. power distribution system is not within the same building, and is constructed using 
installation and protection techniques similar to those of external circuits, the transient 
voltage shall be determined using the relevant classification from 5.4.2.3.2.4. 

If equipment is supplied from a dedicated battery that has no provision for charging from a 
mains supply without removal from the equipment, the transient voltage shall be disregarded. 
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Equipment that is likely, when installed, to be subjected to transient voltages that exceed 
those for its design overvoltage category requires additional transient voltage protection to be 
provided external to the equipment. In this case, the installation instructions shall state the 
need for such external protection. 

Table 13 – Mains transient voltages 

AC mains voltage a 

up to and including 
Mains transient voltage b 

V peak 

V r.m.s. 
Overvoltage category 

I II III IV 

50 330 500 800 1 500 

100 c  500 800 1 500 2 500 

150 d 800 1 500 2 500 4 000 

300 e 1 500 2 500 4 000 6 000 

600 f  2 500 4 000 6 000 8 000 
a For equipment designed to be connected to a three-phase 3-wire supply, where there is no 

neutral conductor, the a.c. mains supply voltage is the line-to-line voltage. In all other 
cases, where there is a neutral conductor, it is the line-to-neutral voltage. 

b The mains transient voltage is always one of the values in the table. Interpolation is not 
permitted. 

c In Japan, the value of the mains transient voltages for the nominal a.c. mains supply 
voltage of 100 V is determined from columns applicable to the nominal a.c. mains supply 
voltage of 150 V. 

d Including 120/208 V and 120/240 V. 
e Including 230/400 V and 277/480 V. 
f Including 400/690 V. 

5.4.2.3.2.3 Determining d.c. mains transient voltages 

If an earthed d.c. power distribution system is entirely within a single building, the transient 
voltage is selected as follows: 

– if the d.c. power distribution system is earthed at a single point, the transient voltage is 
taken to be 500 V peak; or 

– if the d.c. power distribution system is earthed at the source and the equipment, the 
transient voltage is taken to be 350 V peak; or 

NOTE The connection to protective earth can be at the source of the d.c. power distribution system or at the 
equipment location, or both (see ITU-T Recommendation K.27). 

– if the cabling associated with the d.c. power distribution system is shorter than 4 m or is 
installed entirely in continuous metallic conduit, the transient voltage is taken to be 150 V 
peak. 

If a d.c. power distribution system is not earthed or is not within the same building, the 
transient voltage with respect to earth shall be taken to be equal to the mains transient 
voltage in the mains from which the d.c. power is derived. 

If the d.c. power distribution system is not within the same building, and is constructed using 
installation and protection techniques similar to those of external circuits, the transient 
voltage shall be determined using the relevant classification from 5.4.2.3.2.4. 

If equipment is supplied from a dedicated battery that has no provision for charging from a 
mains supply without removal from the equipment, the transient voltage shall be disregarded. 
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5.4.2.3.2.4 Determining external circuit transient voltages 

The applicable value of the transient voltage that may occur on an external circuit shall be 
determined using Table 14. Where more than one location or condition is applicable, the 
highest transient voltage applies. A ringing or other interrupted signal shall not be taken into 
account if the voltage of this signal is less than that of the transient voltage. 

If the transient voltage is less than the peak voltage of a short duration signal (such as a 
telephone ringing signal), the peak voltage of the short duration signal shall be used as the 
transient voltage. 

If the external circuit transient voltages are known to be higher than indicated in Table 14, 
the known value shall be used. 

NOTE 1 Australia has published its overvoltage limits in AS/ACIF G624:2005. 

NOTE 2 It is assumed that adequate measures have been taken to reduce the likelihood that the transient 
voltages presented to the equipment exceed the values specified in Table 14. In installations where transient 
voltages presented to the equipment are expected to exceed the values specified in Table 14, additional measures 
such as surge suppression can be necessary. 

NOTE 3 In Europe the requirement for interconnection with external circuit is in addition given in 
EN 50491-3:2009, General requirements for Home and Building Electronic Systems (HBES) and Building 
Automation and Control Systems (BACS) – Part 3: Electrical safety requirements. 
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Equipment that is likely, when installed, to be subjected to transient voltages that exceed 
those for its design overvoltage category requires additional transient voltage protection to be 
provided external to the equipment. In this case, the installation instructions shall state the 
need for such external protection. 

Table 13 – Mains transient voltages 

AC mains voltage a 

up to and including 
Mains transient voltage b 

V peak 

V r.m.s. 
Overvoltage category 

I II III IV 

50 330 500 800 1 500 

100 c  500 800 1 500 2 500 

150 d 800 1 500 2 500 4 000 

300 e 1 500 2 500 4 000 6 000 

600 f  2 500 4 000 6 000 8 000 
a For equipment designed to be connected to a three-phase 3-wire supply, where there is no 

neutral conductor, the a.c. mains supply voltage is the line-to-line voltage. In all other 
cases, where there is a neutral conductor, it is the line-to-neutral voltage. 

b The mains transient voltage is always one of the values in the table. Interpolation is not 
permitted. 

c In Japan, the value of the mains transient voltages for the nominal a.c. mains supply 
voltage of 100 V is determined from columns applicable to the nominal a.c. mains supply 
voltage of 150 V. 

d Including 120/208 V and 120/240 V. 
e Including 230/400 V and 277/480 V. 
f Including 400/690 V. 

5.4.2.3.2.3 Determining d.c. mains transient voltages 

If an earthed d.c. power distribution system is entirely within a single building, the transient 
voltage is selected as follows: 

– if the d.c. power distribution system is earthed at a single point, the transient voltage is 
taken to be 500 V peak; or 

– if the d.c. power distribution system is earthed at the source and the equipment, the 
transient voltage is taken to be 350 V peak; or 

NOTE The connection to protective earth can be at the source of the d.c. power distribution system or at the 
equipment location, or both (see ITU-T Recommendation K.27). 

– if the cabling associated with the d.c. power distribution system is shorter than 4 m or is 
installed entirely in continuous metallic conduit, the transient voltage is taken to be 150 V 
peak. 

If a d.c. power distribution system is not earthed or is not within the same building, the 
transient voltage with respect to earth shall be taken to be equal to the mains transient 
voltage in the mains from which the d.c. power is derived. 

If the d.c. power distribution system is not within the same building, and is constructed using 
installation and protection techniques similar to those of external circuits, the transient 
voltage shall be determined using the relevant classification from 5.4.2.3.2.4. 

If equipment is supplied from a dedicated battery that has no provision for charging from a 
mains supply without removal from the equipment, the transient voltage shall be disregarded. 
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5.4.2.3.2.4 Determining external circuit transient voltages 

The applicable value of the transient voltage that may occur on an external circuit shall be 
determined using Table 14. Where more than one location or condition is applicable, the 
highest transient voltage applies. A ringing or other interrupted signal shall not be taken into 
account if the voltage of this signal is less than that of the transient voltage. 

If the transient voltage is less than the peak voltage of a short duration signal (such as a 
telephone ringing signal), the peak voltage of the short duration signal shall be used as the 
transient voltage. 

If the external circuit transient voltages are known to be higher than indicated in Table 14, 
the known value shall be used. 

NOTE 1 Australia has published its overvoltage limits in AS/ACIF G624:2005. 

NOTE 2 It is assumed that adequate measures have been taken to reduce the likelihood that the transient 
voltages presented to the equipment exceed the values specified in Table 14. In installations where transient 
voltages presented to the equipment are expected to exceed the values specified in Table 14, additional measures 
such as surge suppression can be necessary. 

NOTE 3 In Europe the requirement for interconnection with external circuit is in addition given in 
EN 50491-3:2009, General requirements for Home and Building Electronic Systems (HBES) and Building 
Automation and Control Systems (BACS) – Part 3: Electrical safety requirements. 
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Table 14 – External circuit transient voltages 

ID Cable type Additional conditions Transient voltages 

1 Paired conductor a – 
shielded or 
unshielded 

The building or structure may or may not 
have equipotential bonding 

1 500 V 10/700 ms 

Only differential if one conductor is 
earthed in the equipment 

2 Any other conductors The external circuit is not earthed at 
either end, but there is an earth reference 
(for example, from connection to mains) 

Mains transient voltage or 
external circuit transient voltage of 
the circuit from which the circuit in 
question is derived whichever is 
higher 

3 Coaxial cable in the 
cable distribution 
network 

Equipment other than power-fed coaxial 
repeaters. Cable shield is earthed at the 
equipment  

4 000 V 10/700 ms 

Centre conductor to shield 

4 Coaxial cable in the 
cable distribution 
network 

Power fed coaxial repeaters (up to 4,4 mm 
coaxial cable). Cable shield is earthed at 
the equipment 

5 000 V 10/700 ms 

Centre conductor to shield 

5 Coaxial cable in the 
cable distribution 
network 

Equipment other than power-fed coaxial 
repeaters. Cable shield is not earthed at 
the equipment. Cable shield is earthed at 
building entrance 

4 000 V 10/700 ms 

Centre conductor to shield 

1 500 V 1,2/50 ms shield to earth 

6 Coaxial cable Cable connects to an outdoor antenna no transient, see c 

7 Paired conductor a Cable connects to an outdoor antenna no transient, see c 

8 Coaxial cable within 
the building b 

The connection of the cable coming from 
outside the building is made via a transfer 
point. The shield of the coaxial cable from 
outside the building and the shield of the 
coaxial cable of the cable within the 
building are connected together and are 
connected to earth. 

Not applicable 

In general, for external circuits installed wholly within the same building structure, transients are not taken 
into account. However, a conductor is considered to leave the building if it terminates on equipment earthed to 
a different earthing network. 

The effects of unwanted steady-state voltages generated outside the equipment (for example, earth potential 
differences and voltages induced on telecommunication networks by electric train systems) are controlled by 
installation practices. Such practices are application dependent and are not dealt with by this standard. 

For a shielded cable to affect a reduction in transients, the shield shall be continuous, earthed at both ends, 
and have a maximum transfer impedance of 20 W/km (for f less than 1 MHz). 

NOTE 1 Home appliances like audio, video and multimedia products are addressed by ID 6, 7 and 8. 

NOTE 2 In Norway and Sweden, the cable shield on coaxial cables is normally not earthed at the building 
entrance (see the note in 5.7.6). For installation conditions, see EN 60728-11. 

a A paired conductor includes a twisted pair. 
b When determining the separation requirements in 5.4.10, the transients on external circuits are taken 

into account. 
c These cables are not subject to any transients but they may be affected by a 10 kV electrostatic 

discharge voltage (from a 1 nF capacitor). The effect of such electrostatic discharge voltages is not taken 
into account when determining clearances. Compliance is checked by the test of G.10.3.2. 

5.4.2.3.2.5 Determining transient voltage levels by measurement 

The transient voltage across the clearance is measured using the following procedure. 

During the measurement, the equipment is not connected to the mains, to the external d.c. 
power distribution system or to any external circuit. Any surge suppressors internal to the 
equipment in circuits connected to the mains or the external d.c. power distribution system 
are disconnected. If the equipment is intended to be used with a separate power supply, it is 
connected to the equipment during the measurement. 
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Table 14 – External circuit transient voltages 

ID Cable type Additional conditions Transient voltages 

1 Paired conductor a – 
shielded or 
unshielded 

The building or structure may or may not 
have equipotential bonding 

1 500 V 10/700 ms 

Only differential if one conductor is 
earthed in the equipment 

2 Any other conductors The external circuit is not earthed at 
either end, but there is an earth reference 
(for example, from connection to mains) 

Mains transient voltage or 
external circuit transient voltage of 
the circuit from which the circuit in 
question is derived whichever is 
higher 

3 Coaxial cable in the 
cable distribution 
network 

Equipment other than power-fed coaxial 
repeaters. Cable shield is earthed at the 
equipment  

4 000 V 10/700 ms 

Centre conductor to shield 

4 Coaxial cable in the 
cable distribution 
network 

Power fed coaxial repeaters (up to 4,4 mm 
coaxial cable). Cable shield is earthed at 
the equipment 

5 000 V 10/700 ms 

Centre conductor to shield 

5 Coaxial cable in the 
cable distribution 
network 

Equipment other than power-fed coaxial 
repeaters. Cable shield is not earthed at 
the equipment. Cable shield is earthed at 
building entrance 

4 000 V 10/700 ms 

Centre conductor to shield 

1 500 V 1,2/50 ms shield to earth 

6 Coaxial cable Cable connects to an outdoor antenna no transient, see c 

7 Paired conductor a Cable connects to an outdoor antenna no transient, see c 

8 Coaxial cable within 
the building b 

The connection of the cable coming from 
outside the building is made via a transfer 
point. The shield of the coaxial cable from 
outside the building and the shield of the 
coaxial cable of the cable within the 
building are connected together and are 
connected to earth. 

Not applicable 

In general, for external circuits installed wholly within the same building structure, transients are not taken 
into account. However, a conductor is considered to leave the building if it terminates on equipment earthed to 
a different earthing network. 

The effects of unwanted steady-state voltages generated outside the equipment (for example, earth potential 
differences and voltages induced on telecommunication networks by electric train systems) are controlled by 
installation practices. Such practices are application dependent and are not dealt with by this standard. 

For a shielded cable to affect a reduction in transients, the shield shall be continuous, earthed at both ends, 
and have a maximum transfer impedance of 20 W/km (for f less than 1 MHz). 

NOTE 1 Home appliances like audio, video and multimedia products are addressed by ID 6, 7 and 8. 

NOTE 2 In Norway and Sweden, the cable shield on coaxial cables is normally not earthed at the building 
entrance (see the note in 5.7.6). For installation conditions, see EN 60728-11. 

a A paired conductor includes a twisted pair. 
b When determining the separation requirements in 5.4.10, the transients on external circuits are taken 

into account. 
c These cables are not subject to any transients but they may be affected by a 10 kV electrostatic 

discharge voltage (from a 1 nF capacitor). The effect of such electrostatic discharge voltages is not taken 
into account when determining clearances. Compliance is checked by the test of G.10.3.2. 

5.4.2.3.2.5 Determining transient voltage levels by measurement 

The transient voltage across the clearance is measured using the following procedure. 

During the measurement, the equipment is not connected to the mains, to the external d.c. 
power distribution system or to any external circuit. Any surge suppressors internal to the 
equipment in circuits connected to the mains or the external d.c. power distribution system 
are disconnected. If the equipment is intended to be used with a separate power supply, it is 
connected to the equipment during the measurement. 
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Table 14 – External circuit transient voltages 

ID Cable type Additional conditions Transient voltages 

1 Paired conductor a – 
shielded or 
unshielded 

The building or structure may or may not 
have equipotential bonding 

1 500 V 10/700 ms 

Only differential if one conductor is 
earthed in the equipment 

2 Any other conductors The external circuit is not earthed at 
either end, but there is an earth reference 
(for example, from connection to mains) 

Mains transient voltage or 
external circuit transient voltage of 
the circuit from which the circuit in 
question is derived whichever is 
higher 

3 Coaxial cable in the 
cable distribution 
network 

Equipment other than power-fed coaxial 
repeaters. Cable shield is earthed at the 
equipment  

4 000 V 10/700 ms 

Centre conductor to shield 

4 Coaxial cable in the 
cable distribution 
network 

Power fed coaxial repeaters (up to 4,4 mm 
coaxial cable). Cable shield is earthed at 
the equipment 

5 000 V 10/700 ms 

Centre conductor to shield 

5 Coaxial cable in the 
cable distribution 
network 

Equipment other than power-fed coaxial 
repeaters. Cable shield is not earthed at 
the equipment. Cable shield is earthed at 
building entrance 

4 000 V 10/700 ms 

Centre conductor to shield 

1 500 V 1,2/50 ms shield to earth 

6 Coaxial cable Cable connects to an outdoor antenna no transient, see c 

7 Paired conductor a Cable connects to an outdoor antenna no transient, see c 

8 Coaxial cable within 
the building b 

The connection of the cable coming from 
outside the building is made via a transfer 
point. The shield of the coaxial cable from 
outside the building and the shield of the 
coaxial cable of the cable within the 
building are connected together and are 
connected to earth. 

Not applicable 

In general, for external circuits installed wholly within the same building structure, transients are not taken 
into account. However, a conductor is considered to leave the building if it terminates on equipment earthed to 
a different earthing network. 

The effects of unwanted steady-state voltages generated outside the equipment (for example, earth potential 
differences and voltages induced on telecommunication networks by electric train systems) are controlled by 
installation practices. Such practices are application dependent and are not dealt with by this standard. 

For a shielded cable to affect a reduction in transients, the shield shall be continuous, earthed at both ends, 
and have a maximum transfer impedance of 20 W/km (for f less than 1 MHz). 

NOTE 1 Home appliances like audio, video and multimedia products are addressed by ID 6, 7 and 8. 

NOTE 2 In Norway and Sweden, the cable shield on coaxial cables is normally not earthed at the building 
entrance (see the note in 5.7.6). For installation conditions, see EN 60728-11. 

a A paired conductor includes a twisted pair. 
b When determining the separation requirements in 5.4.10, the transients on external circuits are taken 

into account. 
c These cables are not subject to any transients but they may be affected by a 10 kV electrostatic 

discharge voltage (from a 1 nF capacitor). The effect of such electrostatic discharge voltages is not taken 
into account when determining clearances. Compliance is checked by the test of G.10.3.2. 

5.4.2.3.2.5 Determining transient voltage levels by measurement 

The transient voltage across the clearance is measured using the following procedure. 

During the measurement, the equipment is not connected to the mains, to the external d.c. 
power distribution system or to any external circuit. Any surge suppressors internal to the 
equipment in circuits connected to the mains or the external d.c. power distribution system 
are disconnected. If the equipment is intended to be used with a separate power supply, it is 
connected to the equipment during the measurement. 
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Table 14 – External circuit transient voltages 

ID Cable type Additional conditions Transient voltages 

1 Paired conductor a – 
shielded or 
unshielded 

The building or structure may or may not 
have equipotential bonding 

1 500 V 10/700 ms 

Only differential if one conductor is 
earthed in the equipment 

2 Any other conductors The external circuit is not earthed at 
either end, but there is an earth reference 
(for example, from connection to mains) 

Mains transient voltage or 
external circuit transient voltage of 
the circuit from which the circuit in 
question is derived whichever is 
higher 

3 Coaxial cable in the 
cable distribution 
network 

Equipment other than power-fed coaxial 
repeaters. Cable shield is earthed at the 
equipment  

4 000 V 10/700 ms 

Centre conductor to shield 

4 Coaxial cable in the 
cable distribution 
network 

Power fed coaxial repeaters (up to 4,4 mm 
coaxial cable). Cable shield is earthed at 
the equipment 

5 000 V 10/700 ms 

Centre conductor to shield 

5 Coaxial cable in the 
cable distribution 
network 

Equipment other than power-fed coaxial 
repeaters. Cable shield is not earthed at 
the equipment. Cable shield is earthed at 
building entrance 

4 000 V 10/700 ms 

Centre conductor to shield 

1 500 V 1,2/50 ms shield to earth 

6 Coaxial cable Cable connects to an outdoor antenna no transient, see c 

7 Paired conductor a Cable connects to an outdoor antenna no transient, see c 

8 Coaxial cable within 
the building b 

The connection of the cable coming from 
outside the building is made via a transfer 
point. The shield of the coaxial cable from 
outside the building and the shield of the 
coaxial cable of the cable within the 
building are connected together and are 
connected to earth. 

Not applicable 

In general, for external circuits installed wholly within the same building structure, transients are not taken 
into account. However, a conductor is considered to leave the building if it terminates on equipment earthed to 
a different earthing network. 

The effects of unwanted steady-state voltages generated outside the equipment (for example, earth potential 
differences and voltages induced on telecommunication networks by electric train systems) are controlled by 
installation practices. Such practices are application dependent and are not dealt with by this standard. 

For a shielded cable to affect a reduction in transients, the shield shall be continuous, earthed at both ends, 
and have a maximum transfer impedance of 20 W/km (for f less than 1 MHz). 

NOTE 1 Home appliances like audio, video and multimedia products are addressed by ID 6, 7 and 8. 

NOTE 2 In Norway and Sweden, the cable shield on coaxial cables is normally not earthed at the building 
entrance (see the note in 5.7.6). For installation conditions, see EN 60728-11. 

a A paired conductor includes a twisted pair. 
b When determining the separation requirements in 5.4.10, the transients on external circuits are taken 

into account. 
c These cables are not subject to any transients but they may be affected by a 10 kV electrostatic 

discharge voltage (from a 1 nF capacitor). The effect of such electrostatic discharge voltages is not taken 
into account when determining clearances. Compliance is checked by the test of G.10.3.2. 

5.4.2.3.2.5 Determining transient voltage levels by measurement 

The transient voltage across the clearance is measured using the following procedure. 

During the measurement, the equipment is not connected to the mains, to the external d.c. 
power distribution system or to any external circuit. Any surge suppressors internal to the 
equipment in circuits connected to the mains or the external d.c. power distribution system 
are disconnected. If the equipment is intended to be used with a separate power supply, it is 
connected to the equipment during the measurement. 
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To measure the transient voltage across a clearance, the appropriate impulse test generator 
of Annex D is used to generate impulses. At least three impulses of each polarity, with 
intervals of at least 1 s between impulses, are applied between each of the relevant points. 

a) Transient voltages from an a.c. mains 

 The impulse test generator circuit 2 of Table D.1 is used to generate 1,2/50 ms impulses 
equal to the a.c. mains transient voltages, at the following points: 

– line-to-line; 
– all line conductors conductively joined together and neutral; 
– all line conductors conductively joined together and protective earth; and 
– neutral and protective earth. 

b) Transient voltages from a d.c. mains 

 The impulse test generator circuit 2 of Table D.1 is used to generate 1,2/50 ms impulses 
equal to the d.c. mains transient voltages, at the following points: 

– the positive and negative supply connection points; and 
– all supply connection points joined together and protective earth. 

c) Transient voltages from an external circuit 
 The appropriate test generator of Annex D is used to generate impulses as applicable and 

described in Table 14 and are applied between each of the following external circuit 
connection points of a single interface type: 
– each pair of terminals (for example, A and B or tip and ring) in an interface; and 
– all terminals of a single interface type joined together and earth. 

A voltage measuring device is connected across the clearance in question. 

Where there are several identical circuits, only one is tested. 

5.4.2.3.3 Determining required withstand voltage 

The required withstand voltage is equal to the transient voltage as determined in 5.4.2.3.2, 
except for the following cases: 

– If a circuit isolated from the mains is connected to a main protective earthing terminal 
that complies with 5.6.7, the required withstand voltage may be one overvoltage 
category lower in Table 13. 

– In a circuit isolated from the mains supplied by a d.c. source with capacitive filtering, and 
connected to protective earth, the required withstand voltage shall be assumed to be 
equal to the peak value of the d.c. voltage of the source, or the peak working voltage of 
the circuit isolated from the mains, whichever is higher. 

– If equipment is supplied from a dedicated battery that has no provision for charging from 
the mains supply without removal from the equipment, the transient voltage is zero and 
the required withstand voltage is equal to the peak working voltage. 

5.4.2.3.4 Determining clearances using required withstand voltage 

Each clearance shall comply with the relevant value of Table 15. 
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Table 15 – Minimum clearances using required withstand voltage 

Required 
withstand voltage 

Basic insulation or supplementary 
insulation 

mm 

Reinforced 
insulation 

mm 

V peak or d.c. 

up to and including 

Pollution degree Pollution degree 

1 a 2 3 1 a 2 3 

330 0,01 

0,2 

0,8 

0,02 

0,4 

1,5 

400 0,02 0,04 

500 0,04 0,08 

600 0,06 0,12 

800 0,10 0,2 

1 000 0,15 0,3 

1 200 0,25 0,5 

1 500 0,5 1,0 

2 000 1,0 2,0 

2 500 1,5 3,0 

3 000 2,0 3,8 

4 000 3,0 5,5 

5 000 4,0 8,0 

6 000 5,5 8,0 

8 000 8,0 14 

10 000 11 19 

12 000 14 24 

15 000 18 31 

20 000 25 44 

25 000 33 60 

30 000 40 72 

40 000 60 98 

50 000 75 130 

60 000 90 162 

80 000 130 226 

100 000 170 290 

Linear interpolation may be used between the nearest two points, the calculated minimum clearances 
being rounded up to the next higher specified increment or the value in the next row below whichever is 
lower. For values: 

– not exceeding 0,5 mm, the specified increment is 0,01 mm; and 

– exceeding 0,5 mm, the specified increment is 0,1 mm. 
a The values for pollution degree 1 may be used if a sample complies with the tests of 5.4.1.5.2. 

5.4.2.4 Determining the adequacy of a clearance using an electric strength test 

The clearances shall withstand an electric strength test. The test may be conducted using an 
impulse voltage or an a.c. voltage or a d.c. voltage. The required withstand voltage is 
determined as given in 5.4.2.3. 

The impulse withstand voltage test is carried out with a voltage having an appropriate 
waveform (see Annex D) with the values specified in Table 16. Five impulses of each polarity 
are applied with an interval of at least 1 s between pulses. 
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Table 15 – Minimum clearances using required withstand voltage 

Required 
withstand voltage 

Basic insulation or supplementary 
insulation 

mm 

Reinforced 
insulation 

mm 

V peak or d.c. 

up to and including 

Pollution degree Pollution degree 

1 a 2 3 1 a 2 3 

330 0,01 

0,2 

0,8 

0,02 

0,4 

1,5 

400 0,02 0,04 

500 0,04 0,08 

600 0,06 0,12 

800 0,10 0,2 

1 000 0,15 0,3 

1 200 0,25 0,5 

1 500 0,5 1,0 

2 000 1,0 2,0 

2 500 1,5 3,0 

3 000 2,0 3,8 

4 000 3,0 5,5 

5 000 4,0 8,0 

6 000 5,5 8,0 

8 000 8,0 14 

10 000 11 19 

12 000 14 24 

15 000 18 31 

20 000 25 44 

25 000 33 60 

30 000 40 72 

40 000 60 98 

50 000 75 130 

60 000 90 162 

80 000 130 226 

100 000 170 290 

Linear interpolation may be used between the nearest two points, the calculated minimum clearances 
being rounded up to the next higher specified increment or the value in the next row below whichever is 
lower. For values: 

– not exceeding 0,5 mm, the specified increment is 0,01 mm; and 

– exceeding 0,5 mm, the specified increment is 0,1 mm. 
a The values for pollution degree 1 may be used if a sample complies with the tests of 5.4.1.5.2. 

5.4.2.4 Determining the adequacy of a clearance using an electric strength test 

The clearances shall withstand an electric strength test. The test may be conducted using an 
impulse voltage or an a.c. voltage or a d.c. voltage. The required withstand voltage is 
determined as given in 5.4.2.3. 

The impulse withstand voltage test is carried out with a voltage having an appropriate 
waveform (see Annex D) with the values specified in Table 16. Five impulses of each polarity 
are applied with an interval of at least 1 s between pulses. 
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Table 15 – Minimum clearances using required withstand voltage 

Required 
withstand voltage 

Basic insulation or supplementary 
insulation 

mm 

Reinforced 
insulation 

mm 

V peak or d.c. 

up to and including 

Pollution degree Pollution degree 

1 a 2 3 1 a 2 3 

330 0,01 

0,2 

0,8 

0,02 

0,4 

1,5 

400 0,02 0,04 

500 0,04 0,08 

600 0,06 0,12 

800 0,10 0,2 

1 000 0,15 0,3 

1 200 0,25 0,5 

1 500 0,5 1,0 

2 000 1,0 2,0 

2 500 1,5 3,0 

3 000 2,0 3,8 

4 000 3,0 5,5 

5 000 4,0 8,0 

6 000 5,5 8,0 

8 000 8,0 14 

10 000 11 19 

12 000 14 24 

15 000 18 31 

20 000 25 44 

25 000 33 60 

30 000 40 72 

40 000 60 98 

50 000 75 130 

60 000 90 162 

80 000 130 226 

100 000 170 290 

Linear interpolation may be used between the nearest two points, the calculated minimum clearances 
being rounded up to the next higher specified increment or the value in the next row below whichever is 
lower. For values: 

– not exceeding 0,5 mm, the specified increment is 0,01 mm; and 

– exceeding 0,5 mm, the specified increment is 0,1 mm. 
a The values for pollution degree 1 may be used if a sample complies with the tests of 5.4.1.5.2. 

5.4.2.4 Determining the adequacy of a clearance using an electric strength test 

The clearances shall withstand an electric strength test. The test may be conducted using an 
impulse voltage or an a.c. voltage or a d.c. voltage. The required withstand voltage is 
determined as given in 5.4.2.3. 

The impulse withstand voltage test is carried out with a voltage having an appropriate 
waveform (see Annex D) with the values specified in Table 16. Five impulses of each polarity 
are applied with an interval of at least 1 s between pulses. 
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Table 15 – Minimum clearances using required withstand voltage 

Required 
withstand voltage 

Basic insulation or supplementary 
insulation 

mm 

Reinforced 
insulation 

mm 

V peak or d.c. 

up to and including 

Pollution degree Pollution degree 

1 a 2 3 1 a 2 3 

330 0,01 

0,2 

0,8 

0,02 

0,4 

1,5 

400 0,02 0,04 

500 0,04 0,08 

600 0,06 0,12 

800 0,10 0,2 

1 000 0,15 0,3 

1 200 0,25 0,5 

1 500 0,5 1,0 

2 000 1,0 2,0 

2 500 1,5 3,0 

3 000 2,0 3,8 

4 000 3,0 5,5 

5 000 4,0 8,0 

6 000 5,5 8,0 

8 000 8,0 14 

10 000 11 19 

12 000 14 24 

15 000 18 31 

20 000 25 44 

25 000 33 60 

30 000 40 72 

40 000 60 98 

50 000 75 130 

60 000 90 162 

80 000 130 226 

100 000 170 290 

Linear interpolation may be used between the nearest two points, the calculated minimum clearances 
being rounded up to the next higher specified increment or the value in the next row below whichever is 
lower. For values: 

– not exceeding 0,5 mm, the specified increment is 0,01 mm; and 

– exceeding 0,5 mm, the specified increment is 0,1 mm. 
a The values for pollution degree 1 may be used if a sample complies with the tests of 5.4.1.5.2. 

5.4.2.4 Determining the adequacy of a clearance using an electric strength test 

The clearances shall withstand an electric strength test. The test may be conducted using an 
impulse voltage or an a.c. voltage or a d.c. voltage. The required withstand voltage is 
determined as given in 5.4.2.3. 

The impulse withstand voltage test is carried out with a voltage having an appropriate 
waveform (see Annex D) with the values specified in Table 16. Five impulses of each polarity 
are applied with an interval of at least 1 s between pulses. 
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The a.c. voltage test is conducted using a sinusoidal voltage with a peak value as specified in 
Table 16 and is applied for 5 s. 

The d.c. voltage test is conducted using a d.c. voltage specified in Table 16 and applied for 
5 s in one polarity and then for 5 s in reverse polarity.  

Table 16 – Electric strength test voltages 

Required withstand voltage 

up to and including 

kV peak 

Test voltage for electric strength for clearances for basic 
insulation or supplementary insulation 

kV peak 
(impulse or a.c. or d.c.) 

0,33 0,36 

0,5 0,54 

0,8 0,93 

1,5 1,75 

2,5 2,92 

4,0 4,92 

6,0 7,39 

8,0 9,85 

12,0 14,77 

U a 1,23 × U a 

Linear interpolation may be used between the nearest two points, the calculated minimum test voltage being 
rounded up to the next higher 0,01 kV increment. 

For reinforced insulation, the test voltage for electric strength is 160 % of the value for the basic insulation. 

If the EUT fails the a.c. or d.c. test, the impulse test shall be used. 

If the test is conducted at an altitude of 200 m or more above sea level, Table F.5 of IEC 60664-1:2007 may be 
used. 
a U is any required withstand voltage higher than 12,0 kV. 

 

5.4.2.5 Multiplication factors for altitudes higher than 2 000 m above sea level 

For equipment intended to be used more than 2 000 m above sea level, the minimum 
clearances in Table 11, Table 12 and Table 15 and the electric strength test voltages in 
Table 16 are multiplied by the applicable multiplication factor for the desired altitude 
according to Table 17. 

NOTE 1 Higher altitudes can be simulated in a vacuum chamber. 

NOTE 2 In China, special requirements in choosing multiplication factors for altitudes above 2 000 m exist. 

Table 17 – Multiplication factors for clearances and test voltages 

Altitude 

m 

Normal 
barometric 
pressure 

kPa 

Multiplication 
factor for 

clearances 

Multiplication factor for electric strength test voltages 

< 1 mm ≥ 1 mm to  
< 10 mm 

≥ 10 mm to  
< 100 mm 

2 000 80,0 1,00 1,00 1,00 1,00 

3 000 70,0 1,14 1,05 1,07 1,10 

4 000 62,0 1,29 1,10 1,15 1,20 

5 000 54,0 1,48 1,16 1,24 1,33 

Linear interpolation may be used between the nearest two points, the calculated minimum multiplication 
factor being rounded up to the next higher 0,01 increment. 
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The a.c. voltage test is conducted using a sinusoidal voltage with a peak value as specified in 
Table 16 and is applied for 5 s. 

The d.c. voltage test is conducted using a d.c. voltage specified in Table 16 and applied for 
5 s in one polarity and then for 5 s in reverse polarity.  

Table 16 – Electric strength test voltages 

Required withstand voltage 

up to and including 

kV peak 

Test voltage for electric strength for clearances for basic 
insulation or supplementary insulation 

kV peak 
(impulse or a.c. or d.c.) 

0,33 0,36 

0,5 0,54 

0,8 0,93 

1,5 1,75 

2,5 2,92 

4,0 4,92 

6,0 7,39 

8,0 9,85 

12,0 14,77 

U a 1,23 × U a 

Linear interpolation may be used between the nearest two points, the calculated minimum test voltage being 
rounded up to the next higher 0,01 kV increment. 

For reinforced insulation, the test voltage for electric strength is 160 % of the value for the basic insulation. 

If the EUT fails the a.c. or d.c. test, the impulse test shall be used. 

If the test is conducted at an altitude of 200 m or more above sea level, Table F.5 of IEC 60664-1:2007 may be 
used. 
a U is any required withstand voltage higher than 12,0 kV. 

 

5.4.2.5 Multiplication factors for altitudes higher than 2 000 m above sea level 

For equipment intended to be used more than 2 000 m above sea level, the minimum 
clearances in Table 11, Table 12 and Table 15 and the electric strength test voltages in 
Table 16 are multiplied by the applicable multiplication factor for the desired altitude 
according to Table 17. 

NOTE 1 Higher altitudes can be simulated in a vacuum chamber. 

NOTE 2 In China, special requirements in choosing multiplication factors for altitudes above 2 000 m exist. 

Table 17 – Multiplication factors for clearances and test voltages 

Altitude 

m 

Normal 
barometric 
pressure 

kPa 

Multiplication 
factor for 

clearances 

Multiplication factor for electric strength test voltages 

< 1 mm ≥ 1 mm to  
< 10 mm 

≥ 10 mm to  
< 100 mm 

2 000 80,0 1,00 1,00 1,00 1,00 

3 000 70,0 1,14 1,05 1,07 1,10 

4 000 62,0 1,29 1,10 1,15 1,20 

5 000 54,0 1,48 1,16 1,24 1,33 

Linear interpolation may be used between the nearest two points, the calculated minimum multiplication 
factor being rounded up to the next higher 0,01 increment. 
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5.4.2.6 Compliance criteria 

Compliance is checked by measurement and test taking into account the relevant clauses of 
Annex O and Annex T. 

The following conditions apply: 

- movable parts are placed in their most unfavourable positions; 

- clearances from an enclosure of insulating material through a slot or opening are 
measured according to Figure O.13, point X; 

- during the force tests, metal enclosures shall not come into contact with bare conductive 
parts of: 

¶ ES2 circuits, unless the product is in a restricted access area, or 

¶ ES3 circuits; 

- after the tests of Annex T, the dimensions for clearances are measured; 

- after the tests of Annex T, the electric strength test shall be applied; 

- for the impact test of Clause T.9, damage to the finish, small dents that do not reduce 
clearances below the specified values, surface cracks and the like are ignored. If a 
through crack appears, clearances shall not be reduced. For cracks not visible to the 
naked eye, an electric strength test shall be conducted; and 

- components and parts, other than parts serving as an enclosure, are subjected to the test 
of Clause T.2. After the application of the force, clearances shall not be reduced below the 
required values. 

For circuits connected to coaxial cable distribution or outdoor antennas, compliance is 
checked by the tests of 5.5.8. 

5.4.3 Creepage distances 

5.4.3.1 General 

Creepage distances shall be so dimensioned that, for a given r.m.s. working voltage, 
pollution degree and material group, no flashover or breakdown of insulation (for example, 
due to tracking) will occur. 

Creepage distances for basic insulation and supplementary insulation for frequencies up 
to 30 kHz shall comply with Table 18. Creepage distances for basic insulation and 
supplementary insulation for frequencies greater than 30 kHz and up to 400 kHz shall 
comply with Table 19. 

The creepage distance requirements for frequencies up to 400 kHz can be used for 
frequencies over 400 kHz until additional data is available. 

NOTE 1 Creepage distances for frequencies higher than 400 kHz are under consideration. 

The creepage distance between the outer insulating surface (see 5.4.3.2) of a connector 
(including an opening in the enclosure) and conductive parts that are connected to ES2 
within the connector (or in the enclosure) shall comply with the requirements for basic 
insulation. 

The creepage distance between the outer insulating surface (see 5.4.3.2) of a connector 
(including an opening in the enclosure) and conductive parts that are connected to ES3 
within the connector (or in the enclosure) shall comply with the requirements for reinforced 
insulation. 
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5.4.2.6 Compliance criteria 

Compliance is checked by measurement and test taking into account the relevant clauses of 
Annex O and Annex T. 

The following conditions apply: 

- movable parts are placed in their most unfavourable positions; 

- clearances from an enclosure of insulating material through a slot or opening are 
measured according to Figure O.13, point X; 

- during the force tests, metal enclosures shall not come into contact with bare conductive 
parts of: 

¶ ES2 circuits, unless the product is in a restricted access area, or 

¶ ES3 circuits; 

- after the tests of Annex T, the dimensions for clearances are measured; 

- after the tests of Annex T, the electric strength test shall be applied; 

- for the impact test of Clause T.9, damage to the finish, small dents that do not reduce 
clearances below the specified values, surface cracks and the like are ignored. If a 
through crack appears, clearances shall not be reduced. For cracks not visible to the 
naked eye, an electric strength test shall be conducted; and 

- components and parts, other than parts serving as an enclosure, are subjected to the test 
of Clause T.2. After the application of the force, clearances shall not be reduced below the 
required values. 

For circuits connected to coaxial cable distribution or outdoor antennas, compliance is 
checked by the tests of 5.5.8. 

5.4.3 Creepage distances 

5.4.3.1 General 

Creepage distances shall be so dimensioned that, for a given r.m.s. working voltage, 
pollution degree and material group, no flashover or breakdown of insulation (for example, 
due to tracking) will occur. 

Creepage distances for basic insulation and supplementary insulation for frequencies up 
to 30 kHz shall comply with Table 18. Creepage distances for basic insulation and 
supplementary insulation for frequencies greater than 30 kHz and up to 400 kHz shall 
comply with Table 19. 

The creepage distance requirements for frequencies up to 400 kHz can be used for 
frequencies over 400 kHz until additional data is available. 

NOTE 1 Creepage distances for frequencies higher than 400 kHz are under consideration. 

The creepage distance between the outer insulating surface (see 5.4.3.2) of a connector 
(including an opening in the enclosure) and conductive parts that are connected to ES2 
within the connector (or in the enclosure) shall comply with the requirements for basic 
insulation. 

The creepage distance between the outer insulating surface (see 5.4.3.2) of a connector 
(including an opening in the enclosure) and conductive parts that are connected to ES3 
within the connector (or in the enclosure) shall comply with the requirements for reinforced 
insulation. 
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5.4.2.6 Compliance criteria 

Compliance is checked by measurement and test taking into account the relevant clauses of 
Annex O and Annex T. 

The following conditions apply: 

- movable parts are placed in their most unfavourable positions; 

- clearances from an enclosure of insulating material through a slot or opening are 
measured according to Figure O.13, point X; 

- during the force tests, metal enclosures shall not come into contact with bare conductive 
parts of: 

¶ ES2 circuits, unless the product is in a restricted access area, or 

¶ ES3 circuits; 

- after the tests of Annex T, the dimensions for clearances are measured; 

- after the tests of Annex T, the electric strength test shall be applied; 

- for the impact test of Clause T.9, damage to the finish, small dents that do not reduce 
clearances below the specified values, surface cracks and the like are ignored. If a 
through crack appears, clearances shall not be reduced. For cracks not visible to the 
naked eye, an electric strength test shall be conducted; and 

- components and parts, other than parts serving as an enclosure, are subjected to the test 
of Clause T.2. After the application of the force, clearances shall not be reduced below the 
required values. 

For circuits connected to coaxial cable distribution or outdoor antennas, compliance is 
checked by the tests of 5.5.8. 

5.4.3 Creepage distances 

5.4.3.1 General 

Creepage distances shall be so dimensioned that, for a given r.m.s. working voltage, 
pollution degree and material group, no flashover or breakdown of insulation (for example, 
due to tracking) will occur. 

Creepage distances for basic insulation and supplementary insulation for frequencies up 
to 30 kHz shall comply with Table 18. Creepage distances for basic insulation and 
supplementary insulation for frequencies greater than 30 kHz and up to 400 kHz shall 
comply with Table 19. 

The creepage distance requirements for frequencies up to 400 kHz can be used for 
frequencies over 400 kHz until additional data is available. 

NOTE 1 Creepage distances for frequencies higher than 400 kHz are under consideration. 

The creepage distance between the outer insulating surface (see 5.4.3.2) of a connector 
(including an opening in the enclosure) and conductive parts that are connected to ES2 
within the connector (or in the enclosure) shall comply with the requirements for basic 
insulation. 

The creepage distance between the outer insulating surface (see 5.4.3.2) of a connector 
(including an opening in the enclosure) and conductive parts that are connected to ES3 
within the connector (or in the enclosure) shall comply with the requirements for reinforced 
insulation. 
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5.4.2.6 Compliance criteria 

Compliance is checked by measurement and test taking into account the relevant clauses of 
Annex O and Annex T. 

The following conditions apply: 

- movable parts are placed in their most unfavourable positions; 

- clearances from an enclosure of insulating material through a slot or opening are 
measured according to Figure O.13, point X; 

- during the force tests, metal enclosures shall not come into contact with bare conductive 
parts of: 

¶ ES2 circuits, unless the product is in a restricted access area, or 

¶ ES3 circuits; 

- after the tests of Annex T, the dimensions for clearances are measured; 

- after the tests of Annex T, the electric strength test shall be applied; 

- for the impact test of Clause T.9, damage to the finish, small dents that do not reduce 
clearances below the specified values, surface cracks and the like are ignored. If a 
through crack appears, clearances shall not be reduced. For cracks not visible to the 
naked eye, an electric strength test shall be conducted; and 

- components and parts, other than parts serving as an enclosure, are subjected to the test 
of Clause T.2. After the application of the force, clearances shall not be reduced below the 
required values. 

For circuits connected to coaxial cable distribution or outdoor antennas, compliance is 
checked by the tests of 5.5.8. 

5.4.3 Creepage distances 

5.4.3.1 General 

Creepage distances shall be so dimensioned that, for a given r.m.s. working voltage, 
pollution degree and material group, no flashover or breakdown of insulation (for example, 
due to tracking) will occur. 

Creepage distances for basic insulation and supplementary insulation for frequencies up 
to 30 kHz shall comply with Table 18. Creepage distances for basic insulation and 
supplementary insulation for frequencies greater than 30 kHz and up to 400 kHz shall 
comply with Table 19. 

The creepage distance requirements for frequencies up to 400 kHz can be used for 
frequencies over 400 kHz until additional data is available. 

NOTE 1 Creepage distances for frequencies higher than 400 kHz are under consideration. 

The creepage distance between the outer insulating surface (see 5.4.3.2) of a connector 
(including an opening in the enclosure) and conductive parts that are connected to ES2 
within the connector (or in the enclosure) shall comply with the requirements for basic 
insulation. 

The creepage distance between the outer insulating surface (see 5.4.3.2) of a connector 
(including an opening in the enclosure) and conductive parts that are connected to ES3 
within the connector (or in the enclosure) shall comply with the requirements for reinforced 
insulation. 
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As an exception, the creepage distance may comply with the requirements for basic 
insulation if the connector is: 

– fixed to the equipment; and 

– located internally to the outer electrical enclosure of the equipment; and 

– only accessible after removal of a subassembly that 

¶ is required to be in place during normal operating conditions, and 

¶ is provided with an instructional safeguard to replace the removed subassembly. 

NOTE 2 The tests of 5.4 apply to such connectors after removal of the subassembly. 

For all other creepage distances in connectors, including connectors that are not fixed to the 
equipment, the minimum values determined in accordance with 5.4.3 apply. 

The above minimum creepage distances for connectors do not apply to connectors listed in 
Clause G.4. 

NOTE 3 For creepage distances below 2 mm, additional information is available in IEC 60664-5. 

If the minimum creepage distance derived from Table 18 or Table 19 is less than the 
minimum clearance, then the minimum clearance shall be applied as the minimum creepage 
distance. 

For glass, mica, glazed ceramic or similar inorganic materials, if the minimum creepage 
distance is greater than the applicable minimum clearance, the value of minimum clearance 
may be applied as the minimum creepage distance. 

For reinforced insulation, the values for creepage distances are twice the values for basic 
insulation in Table 18 or Table 19. 

5.4.3.2 Test method 

The following conditions apply: 

- movable parts are placed in their most unfavourable positions; 

- for equipment incorporating ordinary non-detachable power supply cords, creepage 
distance measurements are made with supply conductors of the largest cross-sectional 
area specified in Clause G.7, and also without conductors; 

- when measuring creepage distances from an accessible outer surface of an enclosure 
of insulating material through a slot or opening in the enclosure or through an opening in 
an accessible connector, the accessible outer surface of the enclosure shall be 
considered to be conductive as if it were covered by a metal foil during the test of V.1.2, 
applied without appreciable force (see Figure O.13, point X); 

- the dimensions for creepage distances functioning as basic insulation, supplementary 
insulation and reinforced insulation are measured after the tests of Annex T according 
to 4.4.4; 

- for the glass breakage test of Clause T.9, damage to the finish, small dents that do not 
reduce creepage distances below the specified values, surface cracks and the like are 
ignored. If a through crack appears, creepage distances shall not be reduced; 

- components and parts, other than parts serving as an enclosure, are subjected to the test 
of Clause T.2. After the application of the force, creepage distances shall not be reduced 
below the required values. 

5.4.3.3 Material group and CTI 

Material groups are based on the CTI and are classified as follows: 
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Material Group I 600 ¢ CTI 

Material Group II 400 ¢ CTI < 600 

Material Group IIIa 175 ¢ CTI < 400 

Material Group IIIb 100 ¢ CTI < 175 

The material group is checked by evaluation of the test data for the material according to 
IEC 60112 using 50 drops of solution A. 

If the material group is not known, Material Group IIIb shall be assumed. 

If a CTI of 175 or greater is needed, and the data is not available, the material group can be 
established with a test for proof tracking index (PTI) as detailed in IEC 60112. A material may 
be included in a group if its PTI established by these tests is equal to, or greater than, the 
lower value of the CTI specified for the group. 

5.4.3.4 Compliance criteria 

Compliance is checked by measurement taking into account Annex O, Annex T and Annex V. 
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Material Group I 600 ¢ CTI 

Material Group II 400 ¢ CTI < 600 

Material Group IIIa 175 ¢ CTI < 400 

Material Group IIIb 100 ¢ CTI < 175 

The material group is checked by evaluation of the test data for the material according to 
IEC 60112 using 50 drops of solution A. 

If the material group is not known, Material Group IIIb shall be assumed. 

If a CTI of 175 or greater is needed, and the data is not available, the material group can be 
established with a test for proof tracking index (PTI) as detailed in IEC 60112. A material may 
be included in a group if its PTI established by these tests is equal to, or greater than, the 
lower value of the CTI specified for the group. 

5.4.3.4 Compliance criteria 

Compliance is checked by measurement taking into account Annex O, Annex T and Annex V. 
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Material Group I 600 ¢ CTI 

Material Group II 400 ¢ CTI < 600 

Material Group IIIa 175 ¢ CTI < 400 

Material Group IIIb 100 ¢ CTI < 175 

The material group is checked by evaluation of the test data for the material according to 
IEC 60112 using 50 drops of solution A. 

If the material group is not known, Material Group IIIb shall be assumed. 

If a CTI of 175 or greater is needed, and the data is not available, the material group can be 
established with a test for proof tracking index (PTI) as detailed in IEC 60112. A material may 
be included in a group if its PTI established by these tests is equal to, or greater than, the 
lower value of the CTI specified for the group. 

5.4.3.4 Compliance criteria 

Compliance is checked by measurement taking into account Annex O, Annex T and Annex V. 
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Material Group I 600 ¢ CTI 

Material Group II 400 ¢ CTI < 600 

Material Group IIIa 175 ¢ CTI < 400 

Material Group IIIb 100 ¢ CTI < 175 

The material group is checked by evaluation of the test data for the material according to 
IEC 60112 using 50 drops of solution A. 

If the material group is not known, Material Group IIIb shall be assumed. 

If a CTI of 175 or greater is needed, and the data is not available, the material group can be 
established with a test for proof tracking index (PTI) as detailed in IEC 60112. A material may 
be included in a group if its PTI established by these tests is equal to, or greater than, the 
lower value of the CTI specified for the group. 

5.4.3.4 Compliance criteria 

Compliance is checked by measurement taking into account Annex O, Annex T and Annex V. 
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Table 18 – Minimum creepage distances for basic insulation 
and supplementary insulation in mm 

RMS 
working 
voltage 

up to and 
including 

V 

Pollution degree 

1 a 2 3 

Material group 

I, II, IIIa, 
IIIb 

I II IIIa, IIIb I II IIIa, IIIb b 

10 0,08 0,4 0,4 0,4 1,0 1,0 1,0 
12,5 0,09 0,42 0,42 0,42 1,05 1,05 1,05 
16 0,1 0,45 0,45 0,45 1,1 1,1 1,1 
20 0,11 0,48 0,48 0,48 1,2 1,2 1,2 
25 0,125 0,5 0,5 0,5 1,25 1,25 1,25 
32 0,14 0,53 0,53 0,53 1,3 1,3 1,3 
40 0,16 0,56 0,8 1,1 1,4 1,6 1,8 
50 0,18 0,6 0,85 1,2 1,5 1,7 1,9 
63 0,2 0,63 0,9 1,25 1,6 1,8 2,0 
80 0,22 0,67 0,95 1,3 1,7 1,9 2,1 

100 0,25 0,71 1,0 1,4 1,8 2,0 2,2 
125 0,28 0,75 1,05 1,5 1,9 2,1 2,4 
160 0,32 0,8 1,1 1,6 2,0 2,2 2,5 
200 0,42 1,0 1,4 2,0 2,5 2,8 3,2 
250 0,56 1,25 1,8 2,5 3,2 3,6 4,0 
320 0,75 1,6 2,2 3,2 4,0 4,5 5,0 
400 1,0 2,0 2,8 4,0 5,0 5,6 6,3 
500 1,3 2,5 3,6 5,0 6,3 7,1 8,0 
630 1,8 3,2 4,5 6,3 8,0 9.0 10 
800 2,4 4,0 5,6 8,0 10 11 12,5 

1 000 3,2 5,0 7,1 10 12,5 14 16 
1 250 4,2 6,3 9,0 12,5 16 18 20 
1 600 5,6 8,0 11 16 20 22 25 
2 000 7,5 10 14 20 25 28 32 
2 500 10 12,5 18 25 32 36 40 
3 200 12,5 16 22 32 40 45 50 
4 000 16 20 28 40 50 56 63 
5 000 20 25 36 50 63 71 80 
6 300 25 32 45 63 80 90 100 
8 000 32 40 56 80 100 110 125 

10 000 40 50 71 100 125 140 160 
12 500 50 63 90 125    
16 000 63 80 110 160    
20 000 80 100 140 200    
25 000 100 125 180 250    
32 000 125 160 220 320    
40 000 160 200 280 400    
50 000 200 250 360 500    
63 000 250 320 450 600    

Linear interpolation may be used between the nearest two points, the calculated minimum 
creepage distance being rounded to the next higher 0,1 mm increment or the value in the next 
row below whichever is lower. 

For reinforced insulation, the rounding to the next higher 0,1 mm increment or to double the 
value in the next row is done after doubling the calculated value for basic insulation. 

a The values for pollution degree 1 may be used if a sample complies with the tests of 
5.4.1.5.2. 

b Material group IIIb is not recommended for applications in pollution degree 3 with an r.m.s. 
working voltage above 630 V. 
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Table 19 – Minimum values of creepage distances (in mm) for frequencies higher 
than 30 kHz and up to 400 kHz 

Peak working voltage 

kV 
30 kHz < f ¢ 

100 kHz 
100 kHz < f ¢ 

200 kHz 200 kHz < f ¢ 400 kHz 

0,1  0,0167  0,02 0,025 

0,2 0,042  0,043 0,05 

0,3 0,083  0,09 0,1 

0,4 0,125  0,13 0,15 

0,5 0,183  0,23 0,25 

0,6 0,267  0,38 0,4 

0,7 0,358 0,55 0,68 

0,8 0,45  0,8 1,1 

0,9 0,525  1,0 1,9 

1 0,6  1,15 3 

The values for the creepage distances in the table apply for pollution degree 1. For 
pollution degree 2 a multiplication factor of 1,2 and for pollution degree 3, a multiplication 
factor 1,4 shall be used. 

Linear interpolation may be applied. 

The data given in this Table 19 (from Table 2 of IEC 60664-4:2005) does not take into account 
the influence of tracking phenomena. For that purpose Table 18 has to be taken into account. 
Therefore, if values in Table 19 are smaller than those in Table 18, the values of Table 18 
apply. 

5.4.4 Solid insulation 

5.4.4.1 General requirements 

The requirements of this subclause apply to solid insulation, including compounds and gel 
materials used as insulation. 

Solid insulation shall not break down: 

– due to overvoltages, including transients, that enter the equipment, and peak voltages that 
may be generated within the equipment; and 

– due to pinholes in thin layers of insulation. 

Solvent-based enamel coatings shall not be used for basic insulation, supplementary 
insulation or reinforced insulation except as given in G.6.2. 

Except for printed boards, solid insulation shall either: 

– comply with minimum distances through insulation in accordance with 5.4.4.2; or 

– meet the requirements and pass the tests in 5.4.4.3 to 5.4.4.7, as applicable. 

Glass used as solid insulation shall comply with the glass breakage test as specified in 
Clause T.9. Damage to the finish, small dents that do not reduce clearances below the 
specified values, surface cracks and the like are ignored. If a through crack appears, 
clearances and creepage distances shall not be reduced below the specified values. 

For printed boards, see Clause G.13. For antenna terminals, see 5.4.5. For solid insulation 
on internal wiring, see 5.4.6. 
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Table 19 – Minimum values of creepage distances (in mm) for frequencies higher 
than 30 kHz and up to 400 kHz 

Peak working voltage 

kV 
30 kHz < f ¢ 

100 kHz 
100 kHz < f ¢ 

200 kHz 200 kHz < f ¢ 400 kHz 

0,1  0,0167  0,02 0,025 

0,2 0,042  0,043 0,05 

0,3 0,083  0,09 0,1 

0,4 0,125  0,13 0,15 

0,5 0,183  0,23 0,25 

0,6 0,267  0,38 0,4 

0,7 0,358 0,55 0,68 

0,8 0,45  0,8 1,1 

0,9 0,525  1,0 1,9 

1 0,6  1,15 3 

The values for the creepage distances in the table apply for pollution degree 1. For 
pollution degree 2 a multiplication factor of 1,2 and for pollution degree 3, a multiplication 
factor 1,4 shall be used. 

Linear interpolation may be applied. 

The data given in this Table 19 (from Table 2 of IEC 60664-4:2005) does not take into account 
the influence of tracking phenomena. For that purpose Table 18 has to be taken into account. 
Therefore, if values in Table 19 are smaller than those in Table 18, the values of Table 18 
apply. 

5.4.4 Solid insulation 

5.4.4.1 General requirements 

The requirements of this subclause apply to solid insulation, including compounds and gel 
materials used as insulation. 

Solid insulation shall not break down: 

– due to overvoltages, including transients, that enter the equipment, and peak voltages that 
may be generated within the equipment; and 

– due to pinholes in thin layers of insulation. 

Solvent-based enamel coatings shall not be used for basic insulation, supplementary 
insulation or reinforced insulation except as given in G.6.2. 

Except for printed boards, solid insulation shall either: 

– comply with minimum distances through insulation in accordance with 5.4.4.2; or 

– meet the requirements and pass the tests in 5.4.4.3 to 5.4.4.7, as applicable. 

Glass used as solid insulation shall comply with the glass breakage test as specified in 
Clause T.9. Damage to the finish, small dents that do not reduce clearances below the 
specified values, surface cracks and the like are ignored. If a through crack appears, 
clearances and creepage distances shall not be reduced below the specified values. 

For printed boards, see Clause G.13. For antenna terminals, see 5.4.5. For solid insulation 
on internal wiring, see 5.4.6. 
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Table 19 – Minimum values of creepage distances (in mm) for frequencies higher 
than 30 kHz and up to 400 kHz 

Peak working voltage 

kV 
30 kHz < f ≤ 

100 kHz 
100 kHz < f ≤ 

200 kHz 200 kHz < f ≤ 400 kHz 

0,1  0,0167  0,02 0,025 

0,2 0,042  0,043 0,05 

0,3 0,083  0,09 0,1 

0,4 0,125  0,13 0,15 

0,5 0,183  0,23 0,25 

0,6 0,267  0,38 0,4 

0,7 0,358 0,55 0,68 

0,8 0,45  0,8 1,1 

0,9 0,525  1,0 1,9 

1 0,6  1,15 3 

The values for the creepage distances in the table apply for pollution degree 1. For 
pollution degree 2 a multiplication factor of 1,2 and for pollution degree 3, a multiplication 
factor 1,4 shall be used. 

Linear interpolation may be applied. 

The data given in this Table 19 (from Table 2 of IEC 60664-4:2005) does not take into account 
the influence of tracking phenomena. For that purpose Table 18 has to be taken into account. 
Therefore, if values in Table 19 are smaller than those in Table 18, the values of Table 18 
apply. 

5.4.4 Solid insulation 

5.4.4.1 General requirements 

The requirements of this subclause apply to solid insulation, including compounds and gel 
materials used as insulation. 

Solid insulation shall not break down: 

– due to overvoltages, including transients, that enter the equipment, and peak voltages that 
may be generated within the equipment; and 

– due to pinholes in thin layers of insulation. 

Solvent-based enamel coatings shall not be used for basic insulation, supplementary 
insulation or reinforced insulation except as given in G.6.2. 

Except for printed boards, solid insulation shall either: 

– comply with minimum distances through insulation in accordance with 5.4.4.2; or 

– meet the requirements and pass the tests in 5.4.4.3 to 5.4.4.7, as applicable. 

Glass used as solid insulation shall comply with the glass breakage test as specified in 
Clause T.9. Damage to the finish, small dents that do not reduce clearances below the 
specified values, surface cracks and the like are ignored. If a through crack appears, 
clearances and creepage distances shall not be reduced below the specified values. 

For printed boards, see Clause G.13. For antenna terminals, see 5.4.5. For solid insulation 
on internal wiring, see 5.4.6. 
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Table 19 – Minimum values of creepage distances (in mm) for frequencies higher 
than 30 kHz and up to 400 kHz 

Peak working voltage 

kV 
30 kHz < f ≤ 

100 kHz 
100 kHz < f ≤ 

200 kHz 200 kHz < f ≤ 400 kHz 

0,1  0,0167  0,02 0,025 

0,2 0,042  0,043 0,05 

0,3 0,083  0,09 0,1 

0,4 0,125  0,13 0,15 

0,5 0,183  0,23 0,25 

0,6 0,267  0,38 0,4 

0,7 0,358 0,55 0,68 

0,8 0,45  0,8 1,1 

0,9 0,525  1,0 1,9 

1 0,6  1,15 3 

The values for the creepage distances in the table apply for pollution degree 1. For 
pollution degree 2 a multiplication factor of 1,2 and for pollution degree 3, a multiplication 
factor 1,4 shall be used. 

Linear interpolation may be applied. 

The data given in this Table 19 (from Table 2 of IEC 60664-4:2005) does not take into account 
the influence of tracking phenomena. For that purpose Table 18 has to be taken into account. 
Therefore, if values in Table 19 are smaller than those in Table 18, the values of Table 18 
apply. 

5.4.4 Solid insulation 

5.4.4.1 General requirements 

The requirements of this subclause apply to solid insulation, including compounds and gel 
materials used as insulation. 

Solid insulation shall not break down: 

– due to overvoltages, including transients, that enter the equipment, and peak voltages that 
may be generated within the equipment; and 

– due to pinholes in thin layers of insulation. 

Solvent-based enamel coatings shall not be used for basic insulation, supplementary 
insulation or reinforced insulation except as given in G.6.2. 

Except for printed boards, solid insulation shall either: 

– comply with minimum distances through insulation in accordance with 5.4.4.2; or 

– meet the requirements and pass the tests in 5.4.4.3 to 5.4.4.7, as applicable. 

Glass used as solid insulation shall comply with the glass breakage test as specified in 
Clause T.9. Damage to the finish, small dents that do not reduce clearances below the 
specified values, surface cracks and the like are ignored. If a through crack appears, 
clearances and creepage distances shall not be reduced below the specified values. 

For printed boards, see Clause G.13. For antenna terminals, see 5.4.5. For solid insulation 
on internal wiring, see 5.4.6. 
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5.4.4.2 Minimum distance through insulation 

Except where another subclause of Clause 5 applies, distances through insulation shall be 
dimensioned according to the application of the insulation and as follows (see Figure O.15 
and Figure O.16): 

– if the working voltage does not exceed ES2 voltage limits, there is no requirement for 
distance through insulation; 

– if the working voltage exceeds ES2 voltage limits, the following rules apply: 

• for basic insulation, no minimum distance through insulation is specified; 

• for supplementary insulation or reinforced insulation comprised of a single layer, 
the minimum distance through insulation shall be 0,4 mm; 

• for supplementary insulation or reinforced insulation comprised of multiple layers, 
the minimum distance through insulation shall comply with 5.4.4.6. 

5.4.4.3 Insulating compound forming solid insulation 

There is no minimum internal clearance or creepage distance required if: 

– the insulating compound completely fills the casing of a component or subassembly, 
including a semiconductor device (for example, an optocoupler); and 

– the component or subassembly meets the minimum distances through insulation 
of 5.4.4.2; and 

– a single sample passes the tests of 5.4.1.5.2. 

NOTE Some examples of such treatment are variously known as potting, encapsulation and vacuum 
impregnation. 

Such constructions containing cemented joints shall also comply with 5.4.4.5. 

Alternative requirements for semiconductor devices are given in 5.4.4.4. 

For printed boards, see Clause G.13 and for wound components, see 5.4.4.7. 

Compliance is checked by sectioning the sample. There shall be no visible voids in the 
insulating material. 

5.4.4.4 Solid insulation in semiconductor devices 

There is no minimum internal clearance or creepage distance, and no minimum distance 
through insulation for supplementary insulation or reinforced insulation consisting of an 
insulating compound completely filling the casing of a semiconductor component (for 
example, an optocoupler) provided that the component: 

– passes the type tests and inspection criteria of 5.4.7; and passes routine tests for 
electric strength during manufacturing, using the appropriate test in 5.4.9.1; or 

– complies with Clause G.12. 

Such constructions containing cemented joints shall also comply with 5.4.4.5. 

Alternatively, a semiconductor may be evaluated according to 5.4.4.3. 

5.4.4.5 Insulating compound forming cemented joints 

The requirements specified below apply when an insulating compound forms a cemented joint 
between two non-conductive parts or between another non-conductive part and itself. These 
requirements do not apply to optocouplers that comply with IEC 60747-5-5. 
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Where the path between conductive parts is filled with insulating compound, and the 
insulating compound forms a cemented joint between two non-conductive parts or between a 
non-conductive part and itself (see Figure O.14, Figure O.15 and Figure O.16), one of the 
following a), b) or c) applies. 

a) The distance along the path between the two conductive parts shall be not less than the 
minimum clearances and creepage distances for pollution degree 2. The requirements 
for distance through insulation of 5.4.4.2 do not apply along the joint. 

b) The distance along the path between the two conductive parts shall not be less than the 
minimum clearances and creepage distances for pollution degree 1. Additionally, one 
sample shall pass the test of 5.4.1.5.2. The requirements for distance through insulation in 
5.4.4.2 do not apply along the joint. 

c) The requirements for distance through insulation of 5.4.4.2 apply between the conductive 
parts along the joint. Additionally, three samples shall pass the test of 5.4.7. 

For a) and b) above, if the insulating materials involved have different material groups, the 
worst case is used. If a material group is not known, Material Group IIIb shall be used. 

For b) and c) above, the tests of 5.4.1.5.2 and 5.4.7 are not applied to the inner layers of a 
printed board made using pre-preg if the temperature of the printed board measured during 
the heating test of 5.4.1.4 does not exceed 90 °C. 

NOTE Some examples of cemented joints are as follows: 

– two non-conductive parts cemented together (for example, two layers of a multilayer board, see Figure O.14) 
or the split bobbin of a transformer where the centre limb is secured by adhesive (see Figure O.16); 

– spirally wrapped insulation on a winding wire, sealed by adhesive insulating compound, is an example of PD1; 
or 

– the joint between a non-conductive part (the casing) and the insulating compound itself in an optocoupler (see 
Figure O.15). 

5.4.4.6 Thin sheet material 

5.4.4.6.1 General requirements 

There is no dimensional or constructional requirement for insulation in thin sheet material 
used as basic insulation. 

NOTE An instrument to carry out the electric strength test on thin sheets of insulating material is described in 
Figure 29. 

Insulation in thin sheet materials may be used for supplementary insulation and reinforced 
insulation, irrespective of the distance through insulation, provided that: 

– two or more layers are used; and 

– the insulation is within the equipment enclosure; and 

– the insulation is not subject to handling or abrasion during ordinary person or instructed 
person servicing; and 

– the requirements and tests of 5.4.4.6.2 (for separable layers) or 5.4.4.6.3 (for non-
separable layers) are met. 

The two or more layers are not required to be fixed to the same conductive part. The two or 
more layers can be: 

– fixed to one of the conductive parts requiring separation; or 

– shared between the two conductive parts; or 

– not fixed to either conductive part. 

For insulation in three or more layers of non-separable thin sheet materials: 
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Where the path between conductive parts is filled with insulating compound, and the 
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printed board made using pre-preg if the temperature of the printed board measured during 
the heating test of 5.4.1.4 does not exceed 90 °C. 

NOTE Some examples of cemented joints are as follows: 

– two non-conductive parts cemented together (for example, two layers of a multilayer board, see Figure O.14) 
or the split bobbin of a transformer where the centre limb is secured by adhesive (see Figure O.16); 

– spirally wrapped insulation on a winding wire, sealed by adhesive insulating compound, is an example of PD1; 
or 

– the joint between a non-conductive part (the casing) and the insulating compound itself in an optocoupler (see 
Figure O.15). 

5.4.4.6 Thin sheet material 

5.4.4.6.1 General requirements 

There is no dimensional or constructional requirement for insulation in thin sheet material 
used as basic insulation. 

NOTE An instrument to carry out the electric strength test on thin sheets of insulating material is described in 
Figure 29. 

Insulation in thin sheet materials may be used for supplementary insulation and reinforced 
insulation, irrespective of the distance through insulation, provided that: 

– two or more layers are used; and 

– the insulation is within the equipment enclosure; and 

– the insulation is not subject to handling or abrasion during ordinary person or instructed 
person servicing; and 

– the requirements and tests of 5.4.4.6.2 (for separable layers) or 5.4.4.6.3 (for non-
separable layers) are met. 

The two or more layers are not required to be fixed to the same conductive part. The two or 
more layers can be: 

– fixed to one of the conductive parts requiring separation; or 

– shared between the two conductive parts; or 

– not fixed to either conductive part. 

For insulation in three or more layers of non-separable thin sheet materials: 
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Where the path between conductive parts is filled with insulating compound, and the 
insulating compound forms a cemented joint between two non-conductive parts or between a 
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For a) and b) above, if the insulating materials involved have different material groups, the 
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For b) and c) above, the tests of 5.4.1.5.2 and 5.4.7 are not applied to the inner layers of a 
printed board made using pre-preg if the temperature of the printed board measured during 
the heating test of 5.4.1.4 does not exceed 90 °C. 

NOTE Some examples of cemented joints are as follows: 

– two non-conductive parts cemented together (for example, two layers of a multilayer board, see Figure O.14) 
or the split bobbin of a transformer where the centre limb is secured by adhesive (see Figure O.16); 

– spirally wrapped insulation on a winding wire, sealed by adhesive insulating compound, is an example of PD1; 
or 

– the joint between a non-conductive part (the casing) and the insulating compound itself in an optocoupler (see 
Figure O.15). 

5.4.4.6 Thin sheet material 

5.4.4.6.1 General requirements 

There is no dimensional or constructional requirement for insulation in thin sheet material 
used as basic insulation. 

NOTE An instrument to carry out the electric strength test on thin sheets of insulating material is described in 
Figure 29. 

Insulation in thin sheet materials may be used for supplementary insulation and reinforced 
insulation, irrespective of the distance through insulation, provided that: 

– two or more layers are used; and 

– the insulation is within the equipment enclosure; and 

– the insulation is not subject to handling or abrasion during ordinary person or instructed 
person servicing; and 

– the requirements and tests of 5.4.4.6.2 (for separable layers) or 5.4.4.6.3 (for non-
separable layers) are met. 

The two or more layers are not required to be fixed to the same conductive part. The two or 
more layers can be: 

– fixed to one of the conductive parts requiring separation; or 

– shared between the two conductive parts; or 

– not fixed to either conductive part. 

For insulation in three or more layers of non-separable thin sheet materials: 
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Where the path between conductive parts is filled with insulating compound, and the 
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following a), b) or c) applies. 

a) The distance along the path between the two conductive parts shall be not less than the 
minimum clearances and creepage distances for pollution degree 2. The requirements 
for distance through insulation of 5.4.4.2 do not apply along the joint. 

b) The distance along the path between the two conductive parts shall not be less than the 
minimum clearances and creepage distances for pollution degree 1. Additionally, one 
sample shall pass the test of 5.4.1.5.2. The requirements for distance through insulation in 
5.4.4.2 do not apply along the joint. 

c) The requirements for distance through insulation of 5.4.4.2 apply between the conductive 
parts along the joint. Additionally, three samples shall pass the test of 5.4.7. 

For a) and b) above, if the insulating materials involved have different material groups, the 
worst case is used. If a material group is not known, Material Group IIIb shall be used. 

For b) and c) above, the tests of 5.4.1.5.2 and 5.4.7 are not applied to the inner layers of a 
printed board made using pre-preg if the temperature of the printed board measured during 
the heating test of 5.4.1.4 does not exceed 90 °C. 

NOTE Some examples of cemented joints are as follows: 

– two non-conductive parts cemented together (for example, two layers of a multilayer board, see Figure O.14) 
or the split bobbin of a transformer where the centre limb is secured by adhesive (see Figure O.16); 

– spirally wrapped insulation on a winding wire, sealed by adhesive insulating compound, is an example of PD1; 
or 

– the joint between a non-conductive part (the casing) and the insulating compound itself in an optocoupler (see 
Figure O.15). 

5.4.4.6 Thin sheet material 

5.4.4.6.1 General requirements 

There is no dimensional or constructional requirement for insulation in thin sheet material 
used as basic insulation. 

NOTE An instrument to carry out the electric strength test on thin sheets of insulating material is described in 
Figure 29. 

Insulation in thin sheet materials may be used for supplementary insulation and reinforced 
insulation, irrespective of the distance through insulation, provided that: 

– two or more layers are used; and 
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– the insulation is not subject to handling or abrasion during ordinary person or instructed 
person servicing; and 

– the requirements and tests of 5.4.4.6.2 (for separable layers) or 5.4.4.6.3 (for non-
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more layers can be: 

– fixed to one of the conductive parts requiring separation; or 

– shared between the two conductive parts; or 

– not fixed to either conductive part. 

For insulation in three or more layers of non-separable thin sheet materials: 
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– minimum distances through insulation are not required; and 

– each layer of insulation does not have to be of the same material. 

5.4.4.6.2 Separable thin sheet material 

In addition to the requirements of 5.4.4.6.1, for: 

– supplementary insulation consisting of two layers of material, each layer shall pass the 
electric strength test for supplementary insulation; or 

– supplementary insulation consisting of three layers of material, any combination of two 
layers shall pass the electric strength test for supplementary insulation; or 

– reinforced insulation consisting of two layers of material, each layer shall pass the 
electric strength test for reinforced insulation; or 

– reinforced insulation consisting of three layers of material, any combination of two layers 
shall pass the electric strength test for reinforced insulation. 

If more than three layers are used, layers may be divided into two or three groups of layers. 
Each group of layers shall pass the electric strength test for the appropriate insulation. 

A test on a layer or group of layers is not repeated on an identical layer or group. 

There is no requirement for all layers of insulation to be of the same material and thickness. 

5.4.4.6.3 Non-separable thin sheet material 

For insulation consisting of non-separable thin sheet materials, in addition to the requirements 
of 5.4.4.6.1, the test procedures in Table 20 are applied. There is no requirement for all layers 
of insulation to be of the same material and thickness. 

Compliance is checked by inspection and by the tests specified in Table 20. 

Table 20 – Tests for insulation in non-separable layers 

Number of layers Test procedure 

Supplementary insulation 

Two or more layers: The test procedure of 5.4.4.6.4 is applied 

Reinforced insulation 

Two layers: The test procedure of 5.4.4.6.4 is applied 

Three or more layers: The test procedures of 5.4.4.6.4 and 5.4.4.6.5 a are applied 

NOTE The purpose of the tests in 5.4.4.6.5 is to ensure that the material has adequate strength to 
resist damage when hidden in inner layers of insulation. Therefore, the tests are not applied to 
insulation in two layers. The tests in 5.4.4.6.5 are not applied to supplementary insulation. 

a Where the insulation is integral to winding wire, the test does not apply. 

5.4.4.6.4 Standard test procedure for non-separable thin sheet material 

For non-separable layers, electric strength tests are applied in accordance with 5.4.9.1 to all 
layers together. The test voltage is: 

- 200 % of Utest if two layers are used; or 

- 150 % of Utest if three or more layers are used, 

where Utest is the test voltage specified in 5.4.9.1 for supplementary insulation or 
reinforced insulation as appropriate. 
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NOTE Unless all the layers are of the same material and have the same thickness, there is a possibility that the 
test voltage will be divided unequally between layers, causing breakdown of a layer that would have passed if 
tested separately. 

5.4.4.6.5 Mandrel test 

The test requirements for reinforced insulation made of three or more thin insulating sheets 
of material that are inseparable are specified below. 

NOTE This test is based on IEC 61558-1 and will give the same results. 

Three test samples, each individual sample consisting of three or more layers of non-
separable thin sheet material forming reinforced insulation, are used. One sample is fixed to 
the mandrel of the test fixture given in Figure 25. The fixing shall be performed as shown in 
Figure 26. 
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NOTE Unless all the layers are of the same material and have the same thickness, there is a possibility that the 
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of material that are inseparable are specified below. 

NOTE This test is based on IEC 61558-1 and will give the same results. 

Three test samples, each individual sample consisting of three or more layers of non-
separable thin sheet material forming reinforced insulation, are used. One sample is fixed to 
the mandrel of the test fixture given in Figure 25. The fixing shall be performed as shown in 
Figure 26. 
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The final position of the mandrel is rotated 230° ° 5° 
from the initial position. 

 
Dimensions in millimetres 

Figure 26 – Initial position of mandrel Figure 27 – Final position of mandrel 

A pull is applied to the free end of the sample, using an appropriate clamping device. The 
mandrel is rotated: 

- from the initial position (Figure 26) to the final position (Figure 27) and back; 

- a second time from the initial position to the final position. 

If a sample breaks during rotation where it is fixed to the mandrel or to the clamping device, 
this does not constitute a failure. If a sample breaks at any other place, the test has failed. 

After the above test, a sheet of metal foil, 0,035 mm ° 0,005 mm thick, at least 200 mm long, 
is placed along the surface of the sample, hanging down on each side of the mandrel (see 
Figure 27). The surface of the foil in contact with the sample shall be conductive, not oxidized 
or otherwise insulated. The foil is positioned so that its edges are not less than 20 mm from 
the edges of the sample (see Figure 28). The foil is then tightened by two equal weights, one 
at each end, using appropriate clamping devices. 

 
             Metal foil 

Insulating material 

20 20 30 

70 
IEC   0351/14  

Dimensions in millimetres 

Figure 28 – Position of metal foil on insulating material 

While the mandrel is in its final position, and within the 60 s following the final positioning, an 
electric strength test is applied between the mandrel and the metal foil in accordance with 
5.4.9.1. The test voltage is 150 % of Utest, but not less than 5 kV r.m.s. Utest is the test 
voltage specified in 5.4.9.1 for reinforced insulation as appropriate. 
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The test is repeated on the other two samples. 

5.4.4.7 Solid insulation in wound components 

Basic insulation, supplementary insulation or reinforced insulation in a wound 
component may be provided by: 

– the insulation on wound components (see Clause G.5); or 

– the insulation on other wire (see Clause G.6); or 

– a combination of the two. 

Wound components containing cemented joints shall also comply with 5.4.4.5. 

Planar transformers shall comply with the requirements of Clause G.13. 

5.4.4.8 Compliance criteria 

Compliance with the requirements of 5.4.4.2 to 5.4.4.7 for the adequacy of solid insulation is 
checked by inspection and measurement, taking into account Annex O, by the electric 
strength tests of 5.4.9.1 and the additional tests required in 5.4.4.2 to 5.4.4.7, as applicable. 

5.4.4.9 Solid insulation requirements at frequencies higher than 30 kHz 

The suitability of the solid insulation shall be determined as follows: 

– Determine the value of the breakdown electric field strength of the insulation material at 
mains power frequency EP in kV/mm for the insulating material. See Table 21 for 
examples of commonly used materials at mains power frequency. 

– Determine the reduction factor KR for the breakdown electric field strength of the 
insulating material at the applicable frequency from Table 22 or Table 23. If the material is 
not one listed in Table 22 or Table 23, use the average reduction factor in the last row of 
Table 22 or Table 23 as applicable. 

– Determine the value of the breakdown electric field strength at the applicable frequency 
EF by multiplying the value EP with the reduction factor KR. 

EF = EP ³ KR 

– Determine the actual electric strength VW of the insulating material by multiplying the 
value EF with the total thickness (d in mm) of the insulating material. 

VW = EF ³ d 

– For basic insulation or supplementary insulation, VW shall exceed the measured high 
frequency peak working voltage VPW by 20 %. 

VW > 1,2 ³ VPW 

– For reinforced insulation, VW shall exceed twice the measured high frequency peak 
working voltage VPW by 20 %. 

VW > 1,2 ³ 2 ³ VPW 

As an alternative to the above,  

– the electric strength test of 5.4.9.1 may be applied under the following conditions: 

¶ the field strength is approximately uniform; and 

¶ no voids or air gaps are present in the solid insulation; or 
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The test is repeated on the other two samples. 
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component may be provided by: 
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As an alternative to the above,  
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– the insulation may be subjected to the high-frequency breakdown test according to 7.4 of 
IEC 60664-4:2005  with the test potential at the frequency of the actual measured working 
voltage. 

NOTE In this context, the electric field is considered to be approximately uniform if the deviations are less than 
20 % from the average value of the field strength. 

Table 21 – Electric field strength EP for some commonly used materials 

Material 

Breakdown electric field strength EP 

kV/mm 

Thickness of the material 
mm 

0,75 0,08 0,06 0,05 0,03 

Porcelain a 9,2 - - - - 

Silicon-glass a 14 - - - - 

Phenolic a 17 - - - - 

Ceramic a 19 - - - - 

Teflon® a 3 27 - - - - 

Melamine-glass a 27 - - - - 

Mica a 29 - - - - 

Paper phenolic a 38 - - - - 

Polyethylene b 49 - - 52 - 

Polystyrene c 55 65 - - - 

Glass a 60 - - - - 

Kapton® a 4 303 - - - - 

FR530L a 33 - - - - 

Mica-filled phenolic a 28 - - - - 

Glass-silicone laminate a 18 - - - - 

Cellulose-acetobutyrate d - - 120 - 210 

Polycarbonate d - - 160 - 270 

Cellulose-triacetate d - - 120 - 210 

NOTE Missing values in the above and the values for other materials not in the list are under investigation. 

a  For the breakdown electric field strength of the specified materials, the EP value of 0,75 mm thickness may be 
used for all thicknesses. 

b  The EP value of 0,05 mm thickness is used for the insulation equal to or thinner than 0,05 mm. The EP value of 
0,75 mm thickness is used otherwise. 

c  The EP value of 0,08 mm thickness is used for the insulation equal to or thinner than 0,08 mm. The EP value of 
0,75 mm thickness is used otherwise. 

d  The EP value of 0,03 mm thickness is used for the insulation equal to or thinner than 0,03 mm. The EP value of 
0,06 mm thickness is used for the insulation equal to or thinner than 0,06 mm and greater than 0,03 mm. 

 

————————— 
3 Teflon® is the trademark of a product supplied by DuPont. This information is given for the convenience of users 

of this document and does not constitute an endorsement by IEC of the product named. Equivalent products 
may be used if they can be shown to lead to the same results. 

4 Kapton® is the trademark of a product supplied by DuPont. This information is given for the convenience of users 
of this document and does not constitute an endorsement by IEC of the product named. Equivalent products 
may be used if they can be shown to lead to the same results. 
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Table 22 – Reduction factors for the value of breakdown 
electric field strength EP at higher frequencies 

Material a 

Frequency 
kHz 

30 100 200 300 400 500 1 000 2 000 3 000 5 000 10 000 

Reduction factor KR 

Porcelain 0,52 0,42 0,40 0,39 0,38 0,37 0,36 0,35 0,35 0,34 0,30 

Silicon-glass 0,79 0,65 0,57 0,53 0,49 0,46 0,39 0,33 0,31 0,29 0,26 

Phenolic 0,82 0,71 0,53 0,42 0,36 0,34 0,24 0,16 0,14 0,13 0,12 

Ceramic 0,78 0,64 0,62 0,56 0,54 0,51 0,46 0,42 0,37 0,35 0,29 

Teflon® 0,57 0,54 0,52 0,51 0,48 0,46 0,45 0,44 0,41 0,37 0,22 

Melamine-glass 0,48 0,41 0,31 0,27 0,24 0,22 0,16 0,12 0,10 0,09 0,06 

Mica 0,69 0,55 0,48 0,45 0,41 0,38 0,34 0,28 0,26 0,24 0,20 

Paper phenolic 0,58 0,47 0,40 0,32 0,26 0,23 0,16 0,11 0,08 0,06 0,05 

Polyethylene 0,36 0,28 0,22 0,21 0,20 0,19 0,16 0,13 0,12 0,12 0,11 

Polystyrene 0,35 0,22 0,15 0,13 0,13 0,11 0,08 0,06 0,06 0,06 0,06 

Glass 0,37 0,21 0,15 0,13 0,11 0,10 0,08 0,06 0,05 0,05 0,04 

Other materials 0,43 0,35 0,30 0,27 0,25 0,24 0,20 0,17 0,16 0,14 0,12 

If the frequency lies between the values in any two columns, the reduction factor value in the next column shall be 
used or a logarithmic interpolation may be used between any two adjacent columns with the calculated value 
rounded down to the nearest 0,01 value. 

a This data is for materials that are 0,75 mm thick. 
 

Table 23 – Reduction factors for the value of breakdown electric field strength EP 
at higher frequencies for thin materials 

Thin material  

Frequency 
kHz 

30 100 200 300 400 500 1 000 2 000 3 000 5 000 10 000 

Reduction factor KR 

Cellulose-acetobutyrate 
(0,03 mm) 0,67 0,43 0,32 0,27 0,24 0,20 0,15 0,11 0,09 0,07 0,06 

Cellulose-acetobutyrate 
(0,06 mm) 0,69 0,49 0,36 0,30 0,26 0,23 0,17 0,13 0,11 0,08 0,06 

Polycarbonate (0,03 mm) 0,61 0,39 0,31 0,25 0,23 0,20 0,14 0,10 0,08 0,06 0,05 

Polycarbonate (0,06 mm) 0,70 0,49 0,39 0,33 0,28 0,25 0,19 0,13 0,11 0,08 0,06 

Cellulose-triacetate 
(0,03 mm) 0,67 0,43 0,31 0,26 0,23 0,20 0,14 0,10 0,09 0,07 0,06 

Cellulose-triacetate 
(0,06 mm) 0,72 0,50 0,36 0,31 0,27 0,23 0,17 0,13 0,10 0,10 0,06 

Other thin foil materials 0,68 0,46 0,34 0,29 0,25 0,22 0,16 0,12 0,10 0,08 0,06 

If the frequency lies between the values in any two columns, the reduction factor value in the next column shall 
be used or a logarithmic interpolation may be used between any two adjacent columns with the calculated value 
rounded down to the nearest 0,01 value 
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Paper phenolic 0,58 0,47 0,40 0,32 0,26 0,23 0,16 0,11 0,08 0,06 0,05 

Polyethylene 0,36 0,28 0,22 0,21 0,20 0,19 0,16 0,13 0,12 0,12 0,11 

Polystyrene 0,35 0,22 0,15 0,13 0,13 0,11 0,08 0,06 0,06 0,06 0,06 

Glass 0,37 0,21 0,15 0,13 0,11 0,10 0,08 0,06 0,05 0,05 0,04 

Other materials 0,43 0,35 0,30 0,27 0,25 0,24 0,20 0,17 0,16 0,14 0,12 

If the frequency lies between the values in any two columns, the reduction factor value in the next column shall be 
used or a logarithmic interpolation may be used between any two adjacent columns with the calculated value 
rounded down to the nearest 0,01 value. 

a This data is for materials that are 0,75 mm thick. 
 

Table 23 – Reduction factors for the value of breakdown electric field strength EP 
at higher frequencies for thin materials 

Thin material  

Frequency 
kHz 

30 100 200 300 400 500 1 000 2 000 3 000 5 000 10 000 

Reduction factor KR 
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(0,03 mm) 0,67 0,43 0,32 0,27 0,24 0,20 0,15 0,11 0,09 0,07 0,06 
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5.4.5 Antenna terminal insulation 

5.4.5.1 General 

The insulation 

– between antenna terminals and the mains, and 

– between antenna terminals and ES1 circuits or ES2 circuits 

¶ isolated from the antenna circuits, and 

¶ having terminals for connection to external circuits. 

shall withstand electrostatic discharges at the antenna terminals. 

This test does not apply to equipment where one antenna terminal on the equipment is 
connected to earth in accordance with 5.6.7. 

NOTE In China, connection of the CATV to the main protective earthing terminal of equipment is not permitted. 

If a mains-connected equipment provides non-mains supply voltages to other equipment 
having antenna terminals, the test shall apply between mains terminals and the non-mains 
supply voltage terminals. 

5.4.5.2 Test method 

The insulation shall be conditioned as described in G.10.3.1 and tested as described in  
G.10.3.2. The equipment shall be placed on an insulating surface. The impulse test generator 
output shall be connected to the antenna terminals connected together and to the mains 
terminals connected together. The equipment is not energized during this test. 

If the equipment has ES1 circuits or ES2 circuits that are isolated from the antenna circuits 
and that have terminals for connection to external circuits, the test is repeated with the 
generator connected to the antenna terminals connected together and the external circuit 
terminals connected together. 

NOTE Test personnel are cautioned not to touch the equipment during this test. 

5.4.5.3 Compliance criteria 

Compliance is checked by measuring the insulation resistance with 500 V d.c. 

The equipment complies with the requirement if the insulation resistance measured after 
1 min is not less than the values given in Table 24. 

Table 24 – Values for insulation resistance 

Insulation requirements between parts 
Insulation 
resistance 

MW 

Between parts separated by basic insulation or by 
supplementary insulation 

2 

Between parts separated by double insulation or 
reinforced insulation 

4 

As an alternative to the above, compliance may be checked by an electric strength test in 
accordance with 5.4.9.1 for basic insulation or reinforced insulation as applicable. The test 
voltage shall be the highest of the test voltages determined by methods 1, 2 and 3. There 
shall be no insulation breakdown. 
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and that have terminals for connection to external circuits, the test is repeated with the 
generator connected to the antenna terminals connected together and the external circuit 
terminals connected together. 

NOTE Test personnel are cautioned not to touch the equipment during this test. 

5.4.5.3 Compliance criteria 

Compliance is checked by measuring the insulation resistance with 500 V d.c. 

The equipment complies with the requirement if the insulation resistance measured after 
1 min is not less than the values given in Table 24. 

Table 24 – Values for insulation resistance 

Insulation requirements between parts 
Insulation 
resistance 

MW 

Between parts separated by basic insulation or by 
supplementary insulation 

2 

Between parts separated by double insulation or 
reinforced insulation 

4 

As an alternative to the above, compliance may be checked by an electric strength test in 
accordance with 5.4.9.1 for basic insulation or reinforced insulation as applicable. The test 
voltage shall be the highest of the test voltages determined by methods 1, 2 and 3. There 
shall be no insulation breakdown. 
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5.4.6 Insulation of internal wire as a part of a supplementary safeguard 

The requirements of this subclause apply where the insulation of an internal wire, alone, 
meets the requirements for basic insulation, but does not meet the requirements for 
supplementary insulation. 

Where wire insulation is used as part of a supplementary insulation system and the wire 
insulation is accessible to an ordinary person: 

– the wire insulation does not need to be handled by the ordinary person; and 

– the wire is placed such that the ordinary person is unlikely to pull on it, or the wire shall 
be so fixed that the connecting points are relieved from strain; and 

– the wire is routed and fixed such as not to touch unearthed accessible conductive parts; 
and 

– the wire insulation passes the electric strength test of 5.4.9.1 for supplementary 
insulation; and 

– the distance through the wire insulation shall be at least as given in Table 25. 

Table 25 – Distance through insulation of internal wiring 

Working voltage 
in case of failure of basic insulation 

Minimum distance 
through insulation 

V peak or d.c. V r.m.s. (sinusoidal) mm 

> 71 ¢ 350 > 50 ¢ 250 0,17 

> 350 > 250 0,31 

Compliance is checked by inspection and measurement, and by the test of 5.4.9.1. 

5.4.7 Tests for semiconductor components and for cemented joints 

Three samples are subjected to the thermal cycling sequence of 5.4.1.5.3. Before testing a 
cemented joint, any winding of solvent-based enamelled wire used in the component is 
replaced by metal foil or by a few turns of bare wire, placed close to the cemented joint. 

The three samples are then tested as follows: 

- one of the samples is subjected to the electric strength test of 5.4.9.1, immediately after 
the last period at (T1 ° 2) °C during thermal cycling, except that the test voltage is 
multiplied by 1,6; and 

- the other samples are subjected to the relevant electric strength test of 5.4.9.1 after the 
humidity conditioning of 5.4.8, except that the test voltage is multiplied by 1,6. 

Compliance is checked by test and the following inspections: 

Except for cemented joints on the same inner surface of a printed board, compliance is 
checked by inspection of the cross-sectional area, and there shall be no visible voids, gaps or 
cracks in the insulating material.   

In the case of insulation between conductors on the same inner surface of printed boards and 
the insulation between conductors on different surfaces of multilayer boards, compliance is 
checked by external visual inspection. There shall be no delamination. 

5.4.8 Humidity conditioning 

Humidity conditioning is carried out for 48 h in a cabinet or room containing air with a relative 
humidity of (93 ° 3) %. The temperature of the air, at all places where samples can be 
located, is maintained within ° 2 °C of any value t between 20 °C and 30 °C so that 
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5.4.6 Insulation of internal wire as a part of a supplementary safeguard 

The requirements of this subclause apply where the insulation of an internal wire, alone, 
meets the requirements for basic insulation, but does not meet the requirements for 
supplementary insulation. 

Where wire insulation is used as part of a supplementary insulation system and the wire 
insulation is accessible to an ordinary person: 

– the wire insulation does not need to be handled by the ordinary person; and 

– the wire is placed such that the ordinary person is unlikely to pull on it, or the wire shall 
be so fixed that the connecting points are relieved from strain; and 

– the wire is routed and fixed such as not to touch unearthed accessible conductive parts; 
and 

– the wire insulation passes the electric strength test of 5.4.9.1 for supplementary 
insulation; and 

– the distance through the wire insulation shall be at least as given in Table 25. 

Table 25 – Distance through insulation of internal wiring 

Working voltage 
in case of failure of basic insulation 

Minimum distance 
through insulation 

V peak or d.c. V r.m.s. (sinusoidal) mm 

> 71 ¢ 350 > 50 ¢ 250 0,17 

> 350 > 250 0,31 

Compliance is checked by inspection and measurement, and by the test of 5.4.9.1. 

5.4.7 Tests for semiconductor components and for cemented joints 

Three samples are subjected to the thermal cycling sequence of 5.4.1.5.3. Before testing a 
cemented joint, any winding of solvent-based enamelled wire used in the component is 
replaced by metal foil or by a few turns of bare wire, placed close to the cemented joint. 

The three samples are then tested as follows: 

- one of the samples is subjected to the electric strength test of 5.4.9.1, immediately after 
the last period at (T1 ° 2) °C during thermal cycling, except that the test voltage is 
multiplied by 1,6; and 

- the other samples are subjected to the relevant electric strength test of 5.4.9.1 after the 
humidity conditioning of 5.4.8, except that the test voltage is multiplied by 1,6. 

Compliance is checked by test and the following inspections: 

Except for cemented joints on the same inner surface of a printed board, compliance is 
checked by inspection of the cross-sectional area, and there shall be no visible voids, gaps or 
cracks in the insulating material.   

In the case of insulation between conductors on the same inner surface of printed boards and 
the insulation between conductors on different surfaces of multilayer boards, compliance is 
checked by external visual inspection. There shall be no delamination. 

5.4.8 Humidity conditioning 

Humidity conditioning is carried out for 48 h in a cabinet or room containing air with a relative 
humidity of (93 ° 3) %. The temperature of the air, at all places where samples can be 
located, is maintained within ° 2 °C of any value t between 20 °C and 30 °C so that 
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5.4.6 Insulation of internal wire as a part of a supplementary safeguard 

The requirements of this subclause apply where the insulation of an internal wire, alone, 
meets the requirements for basic insulation, but does not meet the requirements for 
supplementary insulation. 

Where wire insulation is used as part of a supplementary insulation system and the wire 
insulation is accessible to an ordinary person: 

– the wire insulation does not need to be handled by the ordinary person; and 

– the wire is placed such that the ordinary person is unlikely to pull on it, or the wire shall 
be so fixed that the connecting points are relieved from strain; and 

– the wire is routed and fixed such as not to touch unearthed accessible conductive parts; 
and 

– the wire insulation passes the electric strength test of 5.4.9.1 for supplementary 
insulation; and 

– the distance through the wire insulation shall be at least as given in Table 25. 

Table 25 – Distance through insulation of internal wiring 

Working voltage 
in case of failure of basic insulation 

Minimum distance 
through insulation 

V peak or d.c. V r.m.s. (sinusoidal) mm 

> 71 ≤ 350 > 50 ≤ 250 0,17 

> 350 > 250 0,31 

Compliance is checked by inspection and measurement, and by the test of 5.4.9.1. 

5.4.7 Tests for semiconductor components and for cemented joints 

Three samples are subjected to the thermal cycling sequence of 5.4.1.5.3. Before testing a 
cemented joint, any winding of solvent-based enamelled wire used in the component is 
replaced by metal foil or by a few turns of bare wire, placed close to the cemented joint. 

The three samples are then tested as follows: 

− one of the samples is subjected to the electric strength test of 5.4.9.1, immediately after 
the last period at (T1 ± 2) °C during thermal cycling, except that the test voltage is 
multiplied by 1,6; and 

− the other samples are subjected to the relevant electric strength test of 5.4.9.1 after the 
humidity conditioning of 5.4.8, except that the test voltage is multiplied by 1,6. 

Compliance is checked by test and the following inspections: 

Except for cemented joints on the same inner surface of a printed board, compliance is 
checked by inspection of the cross-sectional area, and there shall be no visible voids, gaps or 
cracks in the insulating material.   

In the case of insulation between conductors on the same inner surface of printed boards and 
the insulation between conductors on different surfaces of multilayer boards, compliance is 
checked by external visual inspection. There shall be no delamination. 

5.4.8 Humidity conditioning 

Humidity conditioning is carried out for 48 h in a cabinet or room containing air with a relative 
humidity of (93 ± 3) %. The temperature of the air, at all places where samples can be 
located, is maintained within ± 2 °C of any value t between 20 °C and 30 °C so that 
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5.4.6 Insulation of internal wire as a part of a supplementary safeguard 

The requirements of this subclause apply where the insulation of an internal wire, alone, 
meets the requirements for basic insulation, but does not meet the requirements for 
supplementary insulation. 

Where wire insulation is used as part of a supplementary insulation system and the wire 
insulation is accessible to an ordinary person: 

– the wire insulation does not need to be handled by the ordinary person; and 

– the wire is placed such that the ordinary person is unlikely to pull on it, or the wire shall 
be so fixed that the connecting points are relieved from strain; and 

– the wire is routed and fixed such as not to touch unearthed accessible conductive parts; 
and 

– the wire insulation passes the electric strength test of 5.4.9.1 for supplementary 
insulation; and 

– the distance through the wire insulation shall be at least as given in Table 25. 

Table 25 – Distance through insulation of internal wiring 

Working voltage 
in case of failure of basic insulation 

Minimum distance 
through insulation 

V peak or d.c. V r.m.s. (sinusoidal) mm 

> 71 ≤ 350 > 50 ≤ 250 0,17 

> 350 > 250 0,31 

Compliance is checked by inspection and measurement, and by the test of 5.4.9.1. 

5.4.7 Tests for semiconductor components and for cemented joints 

Three samples are subjected to the thermal cycling sequence of 5.4.1.5.3. Before testing a 
cemented joint, any winding of solvent-based enamelled wire used in the component is 
replaced by metal foil or by a few turns of bare wire, placed close to the cemented joint. 

The three samples are then tested as follows: 

− one of the samples is subjected to the electric strength test of 5.4.9.1, immediately after 
the last period at (T1 ± 2) °C during thermal cycling, except that the test voltage is 
multiplied by 1,6; and 

− the other samples are subjected to the relevant electric strength test of 5.4.9.1 after the 
humidity conditioning of 5.4.8, except that the test voltage is multiplied by 1,6. 

Compliance is checked by test and the following inspections: 

Except for cemented joints on the same inner surface of a printed board, compliance is 
checked by inspection of the cross-sectional area, and there shall be no visible voids, gaps or 
cracks in the insulating material.   

In the case of insulation between conductors on the same inner surface of printed boards and 
the insulation between conductors on different surfaces of multilayer boards, compliance is 
checked by external visual inspection. There shall be no delamination. 

5.4.8 Humidity conditioning 

Humidity conditioning is carried out for 48 h in a cabinet or room containing air with a relative 
humidity of (93 ± 3) %. The temperature of the air, at all places where samples can be 
located, is maintained within ± 2 °C of any value t between 20 °C and 30 °C so that 
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condensation does not occur. During this conditioning, the component or subassembly is not 
energized. 

For tropical conditions the time duration shall be 120 h at a temperature of (40 ± 2) °C and a 
relative humidity of (93 ± 3) %. 

Before the humidity conditioning, the sample is brought to a temperature between the 
specified temperature t and (t + 4) °C. 

5.4.9 Electric strength test 

5.4.9.1 Test procedure for type testing of solid insulation 

Unless otherwise specified, compliance is checked either 

− immediately following the temperature test in 5.4.1.4, or 

− if a component or subassembly is tested separately outside the equipment, it is brought to 
the temperature attained by that part during the temperature test in 5.4.1.4 (for example, 
by placing it in an oven) prior to performing the electric strength test. 

Alternatively, thin sheet material for supplementary insulation or reinforced insulation may 
be tested at room temperature. 

Unless otherwise specified elsewhere in this standard, the test voltage for the electric 
strength of basic insulation, supplementary insulation or reinforced insulation is the 
highest value of the following three methods: 

− Method 1: Determine the test voltage according to Table 26 using the required withstand 
voltage (based on transient voltages from the a.c. mains or d.c. mains or from external 
circuits). 

− Method 2: Determine the test voltage according to Table 27 using the peak working 
voltage. 

− Method 3: Determine the test voltage according to Table 28 using the nominal mains 
voltage (to cover temporary overvoltages). 

The insulation is subjected to the highest test voltage as follows: 

− by applying an a.c. voltage of substantially sine-wave form having a frequency of 50 Hz or 
60 Hz; or 

− by applying a d.c. voltage in one polarity for the time specified below and then repeat it in 
reverse polarity. 

The voltage applied to the insulation under test is gradually raised from zero to the prescribed 
voltage and maintained at that value for 60 s (for routine tests see 5.4.9.2). 

Insulation coatings are tested with metal foil in contact with the insulating surface. This 
procedure is limited to places where the insulation is likely to be weak (for example, where 
there are sharp metal edges under the insulation). If practicable, insulating linings are tested 
separately. Care is taken that the metal foil is so placed that no flashover occurs at the edges 
of the insulation. Where adhesive metal foil is used, the adhesive shall be conductive. 

To avoid damage to components or insulations that are not involved in the test, ICs or the 
like, may be disconnected and equipotential bonding may be used. A varistor complying with 
Clause G.8 may be removed during the test. 

For equipment incorporating basic insulation and supplementary insulation in parallel with 
reinforced insulation, care is taken that the voltage applied to the reinforced insulation 
does not overstress basic insulation or supplementary insulation. 
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Where capacitors are in parallel with the insulation under test (for example, radio-frequency 
filter capacitors), d.c. test voltages shall be used. 

Components providing a d.c. path in parallel with the insulation to be tested, such as 
discharge resistors for filter capacitors and voltage limiting devices, may be disconnected. 

Where insulation of a transformer winding varies along the length of the winding in 
accordance with 5.4.1.6, an electric strength test method is used that stresses the insulation 
accordingly. 

EXAMPLE Such a test method may be an induced voltage test that is applied at a frequency sufficiently high to 
avoid saturation of the transformer. The input voltage is raised to a value that would induce an output voltage equal 
to the required test voltage. 

Table 26 – Test voltages for electric strength tests based on transient voltages 

Required withstand 
voltage  

up to and including 

kV peak 

Test voltage for basic 
insulation or supplementary 

insulation  

Test voltage for  
reinforced insulation  

kV peak or d.c.  

0,33 0,33 0,5 

0,5 0,5 0,8 

0,8 0,8 1,5 

1,5 1,5 2,5 

2,5 2,5 4 

4 4 6 

6 6 8 

8 8 12 

12 12 18 

UR a UR a 1,5 ³ UR a 

Linear interpolation may be used between the nearest two points. 
a UR is any required withstand voltage higher than 12 kV. 

Table 27 – Test voltages for electric strength tests based on peak working voltages 

Peak working voltage  
up to and including 

Test voltage for basic 
insulation or supplementary 

insulation 
Test voltage for  

reinforced insulation 

kV peak kV peak or d.c.  

0,33 0,43 0,53 

0,5 0,65 0,8 

0,8 1,04 1,28 

1,5 1,95 2,4 

2,5 3,25 4 

4 5,2 6,4 

6 7,8 9,6 

8 10,4 12,8 

12 15,6 19,2 

UP a 1,3 ³ UP a 1,6 ³ UP a 

Linear interpolation may be used between the nearest two points. 
a UP is any peak working voltage higher than 12 kV. 
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Where capacitors are in parallel with the insulation under test (for example, radio-frequency 
filter capacitors), d.c. test voltages shall be used. 

Components providing a d.c. path in parallel with the insulation to be tested, such as 
discharge resistors for filter capacitors and voltage limiting devices, may be disconnected. 

Where insulation of a transformer winding varies along the length of the winding in 
accordance with 5.4.1.6, an electric strength test method is used that stresses the insulation 
accordingly. 

EXAMPLE Such a test method may be an induced voltage test that is applied at a frequency sufficiently high to 
avoid saturation of the transformer. The input voltage is raised to a value that would induce an output voltage equal 
to the required test voltage. 

Table 26 – Test voltages for electric strength tests based on transient voltages 

Required withstand 
voltage  

up to and including 

kV peak 

Test voltage for basic 
insulation or supplementary 

insulation  

Test voltage for  
reinforced insulation  

kV peak or d.c.  

0,33 0,33 0,5 

0,5 0,5 0,8 

0,8 0,8 1,5 

1,5 1,5 2,5 

2,5 2,5 4 

4 4 6 

6 6 8 

8 8 12 

12 12 18 

UR a UR a 1,5 ³ UR a 

Linear interpolation may be used between the nearest two points. 
a UR is any required withstand voltage higher than 12 kV. 

Table 27 – Test voltages for electric strength tests based on peak working voltages 

Peak working voltage  
up to and including 

Test voltage for basic 
insulation or supplementary 

insulation 
Test voltage for  

reinforced insulation 

kV peak kV peak or d.c.  

0,33 0,43 0,53 

0,5 0,65 0,8 

0,8 1,04 1,28 

1,5 1,95 2,4 

2,5 3,25 4 

4 5,2 6,4 

6 7,8 9,6 

8 10,4 12,8 

12 15,6 19,2 

UP a 1,3 ³ UP a 1,6 ³ UP a 

Linear interpolation may be used between the nearest two points. 
a UP is any peak working voltage higher than 12 kV. 
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Where capacitors are in parallel with the insulation under test (for example, radio-frequency 
filter capacitors), d.c. test voltages shall be used. 

Components providing a d.c. path in parallel with the insulation to be tested, such as 
discharge resistors for filter capacitors and voltage limiting devices, may be disconnected. 

Where insulation of a transformer winding varies along the length of the winding in 
accordance with 5.4.1.6, an electric strength test method is used that stresses the insulation 
accordingly. 

EXAMPLE Such a test method may be an induced voltage test that is applied at a frequency sufficiently high to 
avoid saturation of the transformer. The input voltage is raised to a value that would induce an output voltage equal 
to the required test voltage. 

Table 26 – Test voltages for electric strength tests based on transient voltages 

Required withstand 
voltage  

up to and including 

kV peak 

Test voltage for basic 
insulation or supplementary 

insulation  

Test voltage for  
reinforced insulation  

kV peak or d.c.  

0,33 0,33 0,5 

0,5 0,5 0,8 

0,8 0,8 1,5 

1,5 1,5 2,5 

2,5 2,5 4 

4 4 6 

6 6 8 

8 8 12 

12 12 18 

UR a UR a 1,5 × UR a 

Linear interpolation may be used between the nearest two points. 
a UR is any required withstand voltage higher than 12 kV. 

Table 27 – Test voltages for electric strength tests based on peak working voltages 

Peak working voltage  
up to and including 

Test voltage for basic 
insulation or supplementary 

insulation 
Test voltage for  

reinforced insulation 

kV peak kV peak or d.c.  

0,33 0,43 0,53 

0,5 0,65 0,8 

0,8 1,04 1,28 

1,5 1,95 2,4 

2,5 3,25 4 

4 5,2 6,4 

6 7,8 9,6 

8 10,4 12,8 

12 15,6 19,2 

UP a 1,3 × UP a 1,6 × UP a 

Linear interpolation may be used between the nearest two points. 
a UP is any peak working voltage higher than 12 kV. 
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Where capacitors are in parallel with the insulation under test (for example, radio-frequency 
filter capacitors), d.c. test voltages shall be used. 

Components providing a d.c. path in parallel with the insulation to be tested, such as 
discharge resistors for filter capacitors and voltage limiting devices, may be disconnected. 

Where insulation of a transformer winding varies along the length of the winding in 
accordance with 5.4.1.6, an electric strength test method is used that stresses the insulation 
accordingly. 

EXAMPLE Such a test method may be an induced voltage test that is applied at a frequency sufficiently high to 
avoid saturation of the transformer. The input voltage is raised to a value that would induce an output voltage equal 
to the required test voltage. 

Table 26 – Test voltages for electric strength tests based on transient voltages 

Required withstand 
voltage  

up to and including 

kV peak 

Test voltage for basic 
insulation or supplementary 

insulation  

Test voltage for  
reinforced insulation  

kV peak or d.c.  

0,33 0,33 0,5 

0,5 0,5 0,8 

0,8 0,8 1,5 

1,5 1,5 2,5 

2,5 2,5 4 

4 4 6 

6 6 8 

8 8 12 

12 12 18 

UR a UR a 1,5 × UR a 

Linear interpolation may be used between the nearest two points. 
a UR is any required withstand voltage higher than 12 kV. 

Table 27 – Test voltages for electric strength tests based on peak working voltages 

Peak working voltage  
up to and including 

Test voltage for basic 
insulation or supplementary 

insulation 
Test voltage for  

reinforced insulation 

kV peak kV peak or d.c.  

0,33 0,43 0,53 

0,5 0,65 0,8 

0,8 1,04 1,28 

1,5 1,95 2,4 

2,5 3,25 4 

4 5,2 6,4 

6 7,8 9,6 

8 10,4 12,8 

12 15,6 19,2 

UP a 1,3 × UP a 1,6 × UP a 

Linear interpolation may be used between the nearest two points. 
a UP is any peak working voltage higher than 12 kV. 
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Table 28 – Test voltages for electric strength tests based on temporary overvoltages 

Nominal mains system voltage 
Test voltage for basic 

insulation or supplementary 
insulation 

Test voltage for 
reinforced insulation 

V r.m.s. kV peak or d.c. 

Up to and including 250 2 4 

Over 250 up to and including 600 2,5 5 

 

 
Metal pin having a 
mass of 100 g  ± 5 g 

Metal frame holding the upper pin in an upright 
position and allowing it to move up and down 

Insulating 
base 

Terminals for test voltage 

Specimen 
under test 

∅  5 mm  ±  0,1 mm 

∅  5 mm  ±  0,1 mm 

The edges of the test pin 
rounded with a radius 
of 0,5 mm 

IEC   0352/14 

Dimensions in millimetres 

Figure 29 – Example of electric strength test instrument for solid insulation 

NOTE Thin sheet insulation can be tested using the instrument of Figure 29. 

There shall be no insulation breakdown during the test. Insulation breakdown is considered to 
have occurred when the current that flows as a result of the application of the test voltage, 
rapidly increases in an uncontrolled manner, that is, the insulation does not restrict the flow of 
the current. Corona discharge or a single momentary flashover is not regarded as insulation 
breakdown. 

5.4.9.2 Test procedure for routine tests 

Routine tests are performed according to 5.4.9.1, except for the following: 

− the test may be performed at room temperature; and 

− the duration of the electric strength test shall be between 1 s to 4 s; and 

− the test voltage may be reduced by 10 %. 
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NOTE The above test conditions are also applicable to routine tests in production of the equipment or 
subassemblies. 

There shall be no insulation breakdown during the test. Insulation breakdown is considered to 
have occurred when the current that flows as a result of the application of the test voltage, 
rapidly increases in an uncontrolled manner, that is, the insulation does not restrict the flow of 
the current. Corona discharge or a single momentary flashover is not regarded as insulation 
breakdown. 

5.4.10 Safeguards against transient voltages from external circuits 

5.4.10.1 Requirements 

Adequate electrical separation shall be provided between external circuits of equipment as 
indicated in Table 14, ID number 1, Figure 30 and: 

a) non-conductive parts and unearthed conductive parts of the equipment expected to be 
held or otherwise maintained in continuous contact with the body during normal use (for 
example, a telephone handset or head set or the palm rest surface of a laptop or notebook 
computer);  

b) accessible parts and circuitry, except for the pins of connectors. However, such pins shall 
not be accessible under normal operating conditions by the blunt probe of Figure V.3; 

c) another ES1 or ES2 part separated from the external circuit. The requirement for 
separation applies whether or not the ES1 or ES2 part is accessible. 

These requirements do not apply where circuit analysis and equipment investigation indicate 
that adequate protection is assured by other means (for example, between two circuits each 
of which has a permanent connection to protective earth). 
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(not connected) 

Connection for 
telecomunication 
network 
(not connected) 
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Figure 30 – Application points of test voltage 
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NOTE The above test conditions are also applicable to routine tests in production of the equipment or 
subassemblies. 

There shall be no insulation breakdown during the test. Insulation breakdown is considered to 
have occurred when the current that flows as a result of the application of the test voltage, 
rapidly increases in an uncontrolled manner, that is, the insulation does not restrict the flow of 
the current. Corona discharge or a single momentary flashover is not regarded as insulation 
breakdown. 

5.4.10 Safeguards against transient voltages from external circuits 

5.4.10.1 Requirements 

Adequate electrical separation shall be provided between external circuits of equipment as 
indicated in Table 14, ID number 1, Figure 30 and: 

a) non-conductive parts and unearthed conductive parts of the equipment expected to be 
held or otherwise maintained in continuous contact with the body during normal use (for 
example, a telephone handset or head set or the palm rest surface of a laptop or notebook 
computer);  

b) accessible parts and circuitry, except for the pins of connectors. However, such pins shall 
not be accessible under normal operating conditions by the blunt probe of Figure V.3; 

c) another ES1 or ES2 part separated from the external circuit. The requirement for 
separation applies whether or not the ES1 or ES2 part is accessible. 

These requirements do not apply where circuit analysis and equipment investigation indicate 
that adequate protection is assured by other means (for example, between two circuits each 
of which has a permanent connection to protective earth). 
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NOTE The above test conditions are also applicable to routine tests in production of the equipment or 
subassemblies. 

There shall be no insulation breakdown during the test. Insulation breakdown is considered to 
have occurred when the current that flows as a result of the application of the test voltage, 
rapidly increases in an uncontrolled manner, that is, the insulation does not restrict the flow of 
the current. Corona discharge or a single momentary flashover is not regarded as insulation 
breakdown. 

5.4.10 Safeguards against transient voltages from external circuits 

5.4.10.1 Requirements 

Adequate electrical separation shall be provided between external circuits of equipment as 
indicated in Table 14, ID number 1, Figure 30 and: 

a) non-conductive parts and unearthed conductive parts of the equipment expected to be 
held or otherwise maintained in continuous contact with the body during normal use (for 
example, a telephone handset or head set or the palm rest surface of a laptop or notebook 
computer);  

b) accessible parts and circuitry, except for the pins of connectors. However, such pins shall 
not be accessible under normal operating conditions by the blunt probe of Figure V.3; 

c) another ES1 or ES2 part separated from the external circuit. The requirement for 
separation applies whether or not the ES1 or ES2 part is accessible. 

These requirements do not apply where circuit analysis and equipment investigation indicate 
that adequate protection is assured by other means (for example, between two circuits each 
of which has a permanent connection to protective earth). 
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5.4.10.2 Test methods 

5.4.10.2.1 General 

The separation is checked by the test of either 5.4.10.2.2 or 5.4.10.2.3. 

During the test:  

− all conductors intended to be connected to the external circuit are connected together, 
including any conductors that may be connected to earth in the external circuit; and 

− all conductors intended to be connected to other external circuits are also connected 
together. 

Table 29 – Test values for electric strength tests 

Parts Impulse test Steady state test 

Parts indicated in 5.4.10.1 a) a 2,5 kV 10/700 µs 1,5 kV 

Parts indicated in 5.4.10.1 b) and c) b 1,5 kV 10/700 µs c 1,0 kV 

a Surge suppressors shall not be removed. 
b Surge suppressors may be removed, provided that such devices pass the impulse test of 5.4.10.2.2 when 

tested as components outside the equipment. 
c During this test, it is allowed for a surge suppressor to operate and for a sparkover to occur in a GDT. 

5.4.10.2.2 Impulse test 

The electrical separation is subjected to ten impulses of alternating polarity. The interval 
between successive impulses is 60 s with a voltage as given in Table 29. 

5.4.10.2.3 Steady-state test 

The electrical separation is subjected to an electric strength test according to 5.4.9.1, with a 
voltage as given in Table 29. 

5.4.10.3 Compliance criteria 

During the tests of 5.4.10.2.2 and 5.4.10.2.3: 

− there shall be no insulation breakdown; and 

− except as indicated in Table 29, footnote b, a surge suppressor shall not operate, or a 
sparkover shall not occur within a GDT. 

For the electric strength test, insulation breakdown is considered to have occurred when the 
current that flows as a result of the application of the test voltage rapidly increases in an 
uncontrolled manner. 

For the impulse tests, insulation breakdown  is verified in one of the following two ways: 

− during the application of the impulses, by observation of oscillograms, surge suppressor 
operation or breakdown through insulation is judged from the shape of an oscillogram. 

− after application of all the impulses, by an insulation resistance test. Disconnection of 
surge suppressors is permitted while insulation resistance is being measured. The test 
voltage is 500 V d.c. or, if surge suppressors are left in place, a d.c. test voltage that is 
10 % less than the surge suppressor operating or striking voltage. The insulation 
resistance shall not be less than 2 MΩ. 
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5.4.11 Separation between external circuits and earth 

5.4.11.1 General 

These requirements apply only to equipment intended to be connected to external circuits 
indicated in Table 14, ID numbers 1 and 2. 

These requirements do not apply to: 

– permanently connected equipment; or 

– pluggable equipment type B; or 

– stationary pluggable equipment type A, that is intended to be used in a location having 
equipotential bonding (such as a telecommunication centre, a dedicated computer room or 
a restricted access area) and has installation instructions that require verification of the 
protective earthing connection of the socket-outlet by a skilled person; or 

– stationary pluggable equipment type A, that has provision for a permanently connected 
protective earthing conductor, including instructions for the installation of that conductor 
to building earth by a skilled person. 

5.4.11.2 Requirements 

There shall be separation between circuitry intended to be connected to external circuits 
mentioned above and any parts or circuitry that will be earthed in some applications, either 
within the EUT or via other equipment. 

SPDs that bridge the separation between ES1 or ES2 external circuits and earth shall have 
a minimum rated operating voltage Uop (for example, the sparkover voltage of a gas 
discharge tube) of: 

Uop = Upeak + DUsp + DUsa 

where 

Upeak  is one of the following values: 
– for equipment intended to be installed in an area where the nominal 

voltage of the a.c. mains exceeds 130 V: 360 V; 
– for all other equipment: 180 V. 

DUsp is the maximum increase of the rated operating voltage due to variations in 
SPD production. If this is not specified by the SPD manufacturer, D Usp shall 
be taken as 10 % of the rated operating voltage of the SPD. 

DUsa is the maximum increase of the rated operating voltage due to the SPD ageing 
over the expected life of the equipment. If this is not specified by the SPD 
manufacturer, D Usa shall be taken as 10 % of the rated operating voltage of 
the SPD. 

(DUsp + DUsa) may be a single value provided by the component manufacturer. 

5.4.11.3 Test method and compliance criteria 

Compliance is checked by inspection and by the electric strength test of 5.4.9.1. 

Components, other than capacitors, that bridge the separation, may be removed during 
electric strength testing. Components that are left in place during the test shall not be 
damaged. 
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If components are removed, the following additional test with a test circuit according to 
Figure 31 is performed with all components in place. 

For equipment powered from a.c. mains, the test is performed with a voltage equal to the 
rated voltage of the equipment or to the upper voltage of the rated voltage range. For 
equipment powered from d.c. mains, the test is performed with a voltage equal to the highest 
nominal voltage of the a.c. mains in the region where the equipment is to be used (for 
example, 230 V for Europe or 120 V for North America). 

The current flowing in the test circuit of Figure 31 shall not exceed 10 mA. 
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Figure 31 – Test for separation between an external circuit and earth 

5.5 Components as safeguards 

5.5.1 General 

A component used as a safeguard shall: 

– comply with all the applicable requirements for that safeguard; and 
– be used within its rating. 

NOTE See Annex G for the qualification of components used as a safeguard. 

5.5.2 Capacitors and RC units 

5.5.2.1 General requirements 

Capacitors and RC units that serve as (electrical) safeguards shall comply with 
IEC 60384-14. RC units may consist of discrete components. 

Capacitors or RC units with one or multiple capacitors shall: 

– comply with Clause G.11, however, the requirements of Clause G.11 do not apply to the 
capacitor and RC unit used as a basic safeguard between: 

• ES3 isolated from the mains and protective earth; and 

• ES2 and protective earth; and 

• ES2 and ES1; 
and  

– pass the electric strength test of 5.4.9.1, taking into account the total working voltage 
across the capacitor(s) and RC unit. Capacitors complying with IEC 60384-14 do not need 
to be tested if: 
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¶ the required peak impulse test voltage of Table G.8; and 

¶ the required r.m.s. test voltage of Table G.8 multiplied by 1,414, 

are equal to or greater than the required test voltage of 5.4.9.1. 

When multiple capacitors are used, the test voltages of Table G.8 are multiplied by the 
number of capacitors used. 

Under single fault conditions, if a capacitor or RC unit consists of more than one capacitor, 
the voltage on each of the remaining individual capacitors shall not exceed the voltage rating 
of the relevant individual capacitors. 

NOTE In Norway, due to the IT power system used, capacitors are required to be rated for the applicable line-to-
line voltage (230 V). 

Class X capacitors may be used as basic safeguards in circuits isolated from the mains but 
shall not be used as a: 

– basic safeguard in circuits connected to the mains; or 

– supplementary safeguard. 

Class X capacitors shall not be used as a reinforced safeguard. 

5.5.2.2 Safeguards against capacitor discharge after disconnection of a connector 

Where a capacitor voltage becomes accessible upon disconnection of a connector (for 
example, the mains connector) the accessible voltage measured 2 s after disconnection of 
the connector, shall comply with: 

– the ES1 limits of Table 5 under normal operating conditions for an ordinary person; 
and 

– the ES2 limits of Table 5 under normal operating conditions for an instructed person; 
and 

– the ES2 limits of Table 5 under single fault conditions for both an ordinary person and 
an instructed person. 

If an IC including capacitor discharge function (ICX) is used to comply with the above then 
under a single fault condition of an ICX or of any one component in the associated capacitor 
discharge circuit: 

– the accessible voltage (for example, at the mains connector) shall not exceed the limits 
given above; or 

– the ICX with the associated circuitry as provided in the equipment shall comply with the 
requirements of Clause G.16. Any impulse attenuating components (such as varistors and 
GDTs) are disconnected; or 

– three samples of the ICX tested separately shall comply with the requirements of 
Clause G.16. 

The measurement is made with an instrument having an input impedance consisting of a 
resistance of 100 MW ° 5 MW in parallel with an input capacitance of 25 pF or less. 

If a switch (for example, the mains switch) has an influence on the test result, it is placed in 
the most unfavorable position. The disconnection of the connector (start of discharge time) 
has to be done at the moment when the input capacity of the device under test is charged to 
its peak value. 

Other methods that give a similar result as the above method may be used. 

BS EN 62368-1:2014

62368-1 © IEC:2014 – 119 – 

¶ the required peak impulse test voltage of Table G.8; and 

¶ the required r.m.s. test voltage of Table G.8 multiplied by 1,414, 

are equal to or greater than the required test voltage of 5.4.9.1. 

When multiple capacitors are used, the test voltages of Table G.8 are multiplied by the 
number of capacitors used. 

Under single fault conditions, if a capacitor or RC unit consists of more than one capacitor, 
the voltage on each of the remaining individual capacitors shall not exceed the voltage rating 
of the relevant individual capacitors. 

NOTE In Norway, due to the IT power system used, capacitors are required to be rated for the applicable line-to-
line voltage (230 V). 

Class X capacitors may be used as basic safeguards in circuits isolated from the mains but 
shall not be used as a: 

– basic safeguard in circuits connected to the mains; or 

– supplementary safeguard. 

Class X capacitors shall not be used as a reinforced safeguard. 

5.5.2.2 Safeguards against capacitor discharge after disconnection of a connector 

Where a capacitor voltage becomes accessible upon disconnection of a connector (for 
example, the mains connector) the accessible voltage measured 2 s after disconnection of 
the connector, shall comply with: 

– the ES1 limits of Table 5 under normal operating conditions for an ordinary person; 
and 

– the ES2 limits of Table 5 under normal operating conditions for an instructed person; 
and 

– the ES2 limits of Table 5 under single fault conditions for both an ordinary person and 
an instructed person. 

If an IC including capacitor discharge function (ICX) is used to comply with the above then 
under a single fault condition of an ICX or of any one component in the associated capacitor 
discharge circuit: 

– the accessible voltage (for example, at the mains connector) shall not exceed the limits 
given above; or 

– the ICX with the associated circuitry as provided in the equipment shall comply with the 
requirements of Clause G.16. Any impulse attenuating components (such as varistors and 
GDTs) are disconnected; or 

– three samples of the ICX tested separately shall comply with the requirements of 
Clause G.16. 

The measurement is made with an instrument having an input impedance consisting of a 
resistance of 100 MW ° 5 MW in parallel with an input capacitance of 25 pF or less. 

If a switch (for example, the mains switch) has an influence on the test result, it is placed in 
the most unfavorable position. The disconnection of the connector (start of discharge time) 
has to be done at the moment when the input capacity of the device under test is charged to 
its peak value. 

Other methods that give a similar result as the above method may be used. 

BS EN 62368-1:2014

BS EN 62368-1:2014
62368-1 © IEC:2014 – 136 –

^deleted note_



62368-1 © IEC:2014 – 119 – 

¶ the required peak impulse test voltage of Table G.8; and 

¶ the required r.m.s. test voltage of Table G.8 multiplied by 1,414, 

are equal to or greater than the required test voltage of 5.4.9.1. 

When multiple capacitors are used, the test voltages of Table G.8 are multiplied by the 
number of capacitors used. 

Under single fault conditions, if a capacitor or RC unit consists of more than one capacitor, 
the voltage on each of the remaining individual capacitors shall not exceed the voltage rating 
of the relevant individual capacitors. 

NOTE In Norway, due to the IT power system used, capacitors are required to be rated for the applicable line-to-
line voltage (230 V). 

Class X capacitors may be used as basic safeguards in circuits isolated from the mains but 
shall not be used as a: 

– basic safeguard in circuits connected to the mains; or 

– supplementary safeguard. 

Class X capacitors shall not be used as a reinforced safeguard. 

5.5.2.2 Safeguards against capacitor discharge after disconnection of a connector 

Where a capacitor voltage becomes accessible upon disconnection of a connector (for 
example, the mains connector) the accessible voltage measured 2 s after disconnection of 
the connector, shall comply with: 

– the ES1 limits of Table 5 under normal operating conditions for an ordinary person; 
and 

– the ES2 limits of Table 5 under normal operating conditions for an instructed person; 
and 

– the ES2 limits of Table 5 under single fault conditions for both an ordinary person and 
an instructed person. 

If an IC including capacitor discharge function (ICX) is used to comply with the above then 
under a single fault condition of an ICX or of any one component in the associated capacitor 
discharge circuit: 

– the accessible voltage (for example, at the mains connector) shall not exceed the limits 
given above; or 

– the ICX with the associated circuitry as provided in the equipment shall comply with the 
requirements of Clause G.16. Any impulse attenuating components (such as varistors and 
GDTs) are disconnected; or 

– three samples of the ICX tested separately shall comply with the requirements of 
Clause G.16. 

The measurement is made with an instrument having an input impedance consisting of a 
resistance of 100 MW ° 5 MW in parallel with an input capacitance of 25 pF or less. 

If a switch (for example, the mains switch) has an influence on the test result, it is placed in 
the most unfavorable position. The disconnection of the connector (start of discharge time) 
has to be done at the moment when the input capacity of the device under test is charged to 
its peak value. 

Other methods that give a similar result as the above method may be used. 

BS EN 62368-1:2014

62368-1 © IEC:2014 – 119 – 

¶ the required peak impulse test voltage of Table G.8; and 

¶ the required r.m.s. test voltage of Table G.8 multiplied by 1,414, 

are equal to or greater than the required test voltage of 5.4.9.1. 

When multiple capacitors are used, the test voltages of Table G.8 are multiplied by the 
number of capacitors used. 

Under single fault conditions, if a capacitor or RC unit consists of more than one capacitor, 
the voltage on each of the remaining individual capacitors shall not exceed the voltage rating 
of the relevant individual capacitors. 

NOTE In Norway, due to the IT power system used, capacitors are required to be rated for the applicable line-to-
line voltage (230 V). 

Class X capacitors may be used as basic safeguards in circuits isolated from the mains but 
shall not be used as a: 

– basic safeguard in circuits connected to the mains; or 

– supplementary safeguard. 

Class X capacitors shall not be used as a reinforced safeguard. 

5.5.2.2 Safeguards against capacitor discharge after disconnection of a connector 

Where a capacitor voltage becomes accessible upon disconnection of a connector (for 
example, the mains connector) the accessible voltage measured 2 s after disconnection of 
the connector, shall comply with: 

– the ES1 limits of Table 5 under normal operating conditions for an ordinary person; 
and 

– the ES2 limits of Table 5 under normal operating conditions for an instructed person; 
and 

– the ES2 limits of Table 5 under single fault conditions for both an ordinary person and 
an instructed person. 

If an IC including capacitor discharge function (ICX) is used to comply with the above then 
under a single fault condition of an ICX or of any one component in the associated capacitor 
discharge circuit: 

– the accessible voltage (for example, at the mains connector) shall not exceed the limits 
given above; or 

– the ICX with the associated circuitry as provided in the equipment shall comply with the 
requirements of Clause G.16. Any impulse attenuating components (such as varistors and 
GDTs) are disconnected; or 

– three samples of the ICX tested separately shall comply with the requirements of 
Clause G.16. 

The measurement is made with an instrument having an input impedance consisting of a 
resistance of 100 MW ° 5 MW in parallel with an input capacitance of 25 pF or less. 

If a switch (for example, the mains switch) has an influence on the test result, it is placed in 
the most unfavorable position. The disconnection of the connector (start of discharge time) 
has to be done at the moment when the input capacity of the device under test is charged to 
its peak value. 

Other methods that give a similar result as the above method may be used. 

BS EN 62368-1:2014

BS EN 62368-1:2014
62368-1 © IEC:2014 – 136 –

^deleted note_

62368-1 © IEC:2014 – 119 – 

¶ the required peak impulse test voltage of Table G.8; and 

¶ the required r.m.s. test voltage of Table G.8 multiplied by 1,414, 

are equal to or greater than the required test voltage of 5.4.9.1. 

When multiple capacitors are used, the test voltages of Table G.8 are multiplied by the 
number of capacitors used. 

Under single fault conditions, if a capacitor or RC unit consists of more than one capacitor, 
the voltage on each of the remaining individual capacitors shall not exceed the voltage rating 
of the relevant individual capacitors. 

NOTE In Norway, due to the IT power system used, capacitors are required to be rated for the applicable line-to-
line voltage (230 V). 

Class X capacitors may be used as basic safeguards in circuits isolated from the mains but 
shall not be used as a: 

– basic safeguard in circuits connected to the mains; or 

– supplementary safeguard. 

Class X capacitors shall not be used as a reinforced safeguard. 

5.5.2.2 Safeguards against capacitor discharge after disconnection of a connector 

Where a capacitor voltage becomes accessible upon disconnection of a connector (for 
example, the mains connector) the accessible voltage measured 2 s after disconnection of 
the connector, shall comply with: 

– the ES1 limits of Table 5 under normal operating conditions for an ordinary person; 
and 

– the ES2 limits of Table 5 under normal operating conditions for an instructed person; 
and 

– the ES2 limits of Table 5 under single fault conditions for both an ordinary person and 
an instructed person. 

If an IC including capacitor discharge function (ICX) is used to comply with the above then 
under a single fault condition of an ICX or of any one component in the associated capacitor 
discharge circuit: 

– the accessible voltage (for example, at the mains connector) shall not exceed the limits 
given above; or 

– the ICX with the associated circuitry as provided in the equipment shall comply with the 
requirements of Clause G.16. Any impulse attenuating components (such as varistors and 
GDTs) are disconnected; or 

– three samples of the ICX tested separately shall comply with the requirements of 
Clause G.16. 

The measurement is made with an instrument having an input impedance consisting of a 
resistance of 100 MW ° 5 MW in parallel with an input capacitance of 25 pF or less. 

If a switch (for example, the mains switch) has an influence on the test result, it is placed in 
the most unfavorable position. The disconnection of the connector (start of discharge time) 
has to be done at the moment when the input capacity of the device under test is charged to 
its peak value. 

Other methods that give a similar result as the above method may be used. 
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¶ the required peak impulse test voltage of Table G.8; and 

¶ the required r.m.s. test voltage of Table G.8 multiplied by 1,414, 

are equal to or greater than the required test voltage of 5.4.9.1. 

When multiple capacitors are used, the test voltages of Table G.8 are multiplied by the 
number of capacitors used. 

Under single fault conditions, if a capacitor or RC unit consists of more than one capacitor, 
the voltage on each of the remaining individual capacitors shall not exceed the voltage rating 
of the relevant individual capacitors. 

NOTE In Norway, due to the IT power system used, capacitors are required to be rated for the applicable line-to-
line voltage (230 V). 

Class X capacitors may be used as basic safeguards in circuits isolated from the mains but 
shall not be used as a: 

– basic safeguard in circuits connected to the mains; or 

– supplementary safeguard. 

Class X capacitors shall not be used as a reinforced safeguard. 

5.5.2.2 Safeguards against capacitor discharge after disconnection of a connector 

Where a capacitor voltage becomes accessible upon disconnection of a connector (for 
example, the mains connector) the accessible voltage measured 2 s after disconnection of 
the connector, shall comply with: 

– the ES1 limits of Table 5 under normal operating conditions for an ordinary person; 
and 

– the ES2 limits of Table 5 under normal operating conditions for an instructed person; 
and 

– the ES2 limits of Table 5 under single fault conditions for both an ordinary person and 
an instructed person. 

If an IC including capacitor discharge function (ICX) is used to comply with the above then 
under a single fault condition of an ICX or of any one component in the associated capacitor 
discharge circuit: 

– the accessible voltage (for example, at the mains connector) shall not exceed the limits 
given above; or 

– the ICX with the associated circuitry as provided in the equipment shall comply with the 
requirements of Clause G.16. Any impulse attenuating components (such as varistors and 
GDTs) are disconnected; or 

– three samples of the ICX tested separately shall comply with the requirements of 
Clause G.16. 

The measurement is made with an instrument having an input impedance consisting of a 
resistance of 100 MW ° 5 MW in parallel with an input capacitance of 25 pF or less. 

If a switch (for example, the mains switch) has an influence on the test result, it is placed in 
the most unfavorable position. The disconnection of the connector (start of discharge time) 
has to be done at the moment when the input capacity of the device under test is charged to 
its peak value. 

Other methods that give a similar result as the above method may be used. 

BS EN 62368-1:2014

BS EN 62368-1:2014
62368-1 © IEC:2014 – 136 –

^deleted note_

62368-1 © IEC:2014 – 119 – 

¶ the required peak impulse test voltage of Table G.8; and 

¶ the required r.m.s. test voltage of Table G.8 multiplied by 1,414, 

are equal to or greater than the required test voltage of 5.4.9.1. 

When multiple capacitors are used, the test voltages of Table G.8 are multiplied by the 
number of capacitors used. 

Under single fault conditions, if a capacitor or RC unit consists of more than one capacitor, 
the voltage on each of the remaining individual capacitors shall not exceed the voltage rating 
of the relevant individual capacitors. 

NOTE In Norway, due to the IT power system used, capacitors are required to be rated for the applicable line-to-
line voltage (230 V). 

Class X capacitors may be used as basic safeguards in circuits isolated from the mains but 
shall not be used as a: 

– basic safeguard in circuits connected to the mains; or 

– supplementary safeguard. 

Class X capacitors shall not be used as a reinforced safeguard. 

5.5.2.2 Safeguards against capacitor discharge after disconnection of a connector 

Where a capacitor voltage becomes accessible upon disconnection of a connector (for 
example, the mains connector) the accessible voltage measured 2 s after disconnection of 
the connector, shall comply with: 

– the ES1 limits of Table 5 under normal operating conditions for an ordinary person; 
and 

– the ES2 limits of Table 5 under normal operating conditions for an instructed person; 
and 

– the ES2 limits of Table 5 under single fault conditions for both an ordinary person and 
an instructed person. 

If an IC including capacitor discharge function (ICX) is used to comply with the above then 
under a single fault condition of an ICX or of any one component in the associated capacitor 
discharge circuit: 

– the accessible voltage (for example, at the mains connector) shall not exceed the limits 
given above; or 

– the ICX with the associated circuitry as provided in the equipment shall comply with the 
requirements of Clause G.16. Any impulse attenuating components (such as varistors and 
GDTs) are disconnected; or 

– three samples of the ICX tested separately shall comply with the requirements of 
Clause G.16. 

The measurement is made with an instrument having an input impedance consisting of a 
resistance of 100 MW ° 5 MW in parallel with an input capacitance of 25 pF or less. 

If a switch (for example, the mains switch) has an influence on the test result, it is placed in 
the most unfavorable position. The disconnection of the connector (start of discharge time) 
has to be done at the moment when the input capacity of the device under test is charged to 
its peak value. 

Other methods that give a similar result as the above method may be used. 
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5.5.3 Transformers 

Transformers used as a safeguard shall comply with G.5.3. 

5.5.4 Optocouplers 

Insulation of optocouplers used as a safeguard shall comply with the requirements of 5.4 or 
with Clause G.12. 

5.5.5 Relays 

Insulation of relays used as a safeguard shall comply with the requirements of  5.4. 

5.5.6 Resistors 

The requirements below apply to resistors: 

– used as a safeguard; or 

– that bridge basic insulation, supplementary insulation or reinforced insulation. 

A single resistor or a group of resistors shall comply with clearance and creepage distance 
requirements of 5.4.2 and 5.4.3 respectively between its terminations for the total working 
voltage across the insulation (see Figure O.4). 

A single resistor used as a reinforced safeguard or bridging a reinforced insulation shall 
comply with G.10.1 and the test of G.10.2. 

NOTE In Finland, Norway and Sweden, resistors used as a basic safeguard or for bridging basic insulation in 
class I pluggable equipment type A shall comply with G.10.1 and the test of G.10.2. 

For a group of resistors used as a reinforced safeguard or for bridging reinforced 
insulation the clearance and creepage distance are assessed as if each resistor were 
short-circuited in turn unless the group complies with G.10.1 and the test of G.10.2. 

5.5.7 SPDs 

5.5.7.1 Use of an SPD connected to reliable earthing 

Where a varistor is used between the mains and earth: 

– the earth connection shall comply with 5.6.7; and 

– the varistor shall comply with Clause G.8. 

5.5.7.2 Use of an SPD between mains and protective earth 

Where an SPD is used between the mains and protective earth, it shall consist of a varistor 
and a GDT connected in series, where the following applies: 

– the varistor shall comply with Clause G.8; 

– the GDT shall comply with: 

¶ the electric strength test of 5.4.9.1 for basic insulation; and 

¶ the external clearance and creepage distance requirements of 5.4.2 and 5.4.3 
respectively for basic insulation. 

NOTE 1 Some examples of SPDs are MOVs, varistors and GDTs. A varistor is sometimes referred to as a VDR or 
a metal oxide varistor (MOV). 

The above requirements do not apply to SPDs: 

– intended for attenuating transient voltages from external circuits; and 
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¶ the required peak impulse test voltage of Table G.8; and 

¶ the required r.m.s. test voltage of Table G.8 multiplied by 1,414, 

are equal to or greater than the required test voltage of 5.4.9.1. 

When multiple capacitors are used, the test voltages of Table G.8 are multiplied by the 
number of capacitors used. 

Under single fault conditions, if a capacitor or RC unit consists of more than one capacitor, 
the voltage on each of the remaining individual capacitors shall not exceed the voltage rating 
of the relevant individual capacitors. 

NOTE In Norway, due to the IT power system used, capacitors are required to be rated for the applicable line-to-
line voltage (230 V). 

Class X capacitors may be used as basic safeguards in circuits isolated from the mains but 
shall not be used as a: 

– basic safeguard in circuits connected to the mains; or 

– supplementary safeguard. 

Class X capacitors shall not be used as a reinforced safeguard. 

5.5.2.2 Safeguards against capacitor discharge after disconnection of a connector 

Where a capacitor voltage becomes accessible upon disconnection of a connector (for 
example, the mains connector) the accessible voltage measured 2 s after disconnection of 
the connector, shall comply with: 

– the ES1 limits of Table 5 under normal operating conditions for an ordinary person; 
and 

– the ES2 limits of Table 5 under normal operating conditions for an instructed person; 
and 

– the ES2 limits of Table 5 under single fault conditions for both an ordinary person and 
an instructed person. 

If an IC including capacitor discharge function (ICX) is used to comply with the above then 
under a single fault condition of an ICX or of any one component in the associated capacitor 
discharge circuit: 

– the accessible voltage (for example, at the mains connector) shall not exceed the limits 
given above; or 

– the ICX with the associated circuitry as provided in the equipment shall comply with the 
requirements of Clause G.16. Any impulse attenuating components (such as varistors and 
GDTs) are disconnected; or 

– three samples of the ICX tested separately shall comply with the requirements of 
Clause G.16. 

The measurement is made with an instrument having an input impedance consisting of a 
resistance of 100 MW ° 5 MW in parallel with an input capacitance of 25 pF or less. 

If a switch (for example, the mains switch) has an influence on the test result, it is placed in 
the most unfavorable position. The disconnection of the connector (start of discharge time) 
has to be done at the moment when the input capacity of the device under test is charged to 
its peak value. 

Other methods that give a similar result as the above method may be used. 
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5.5.3 Transformers 

Transformers used as a safeguard shall comply with G.5.3. 

5.5.4 Optocouplers 

Insulation of optocouplers used as a safeguard shall comply with the requirements of 5.4 or 
with Clause G.12. 

5.5.5 Relays 

Insulation of relays used as a safeguard shall comply with the requirements of  5.4. 

5.5.6 Resistors 

The requirements below apply to resistors: 

– used as a safeguard; or 

– that bridge basic insulation, supplementary insulation or reinforced insulation. 

A single resistor or a group of resistors shall comply with clearance and creepage distance 
requirements of 5.4.2 and 5.4.3 respectively between its terminations for the total working 
voltage across the insulation (see Figure O.4). 

A single resistor used as a reinforced safeguard or bridging a reinforced insulation shall 
comply with G.10.1 and the test of G.10.2. 

NOTE In Finland, Norway and Sweden, resistors used as a basic safeguard or for bridging basic insulation in 
class I pluggable equipment type A shall comply with G.10.1 and the test of G.10.2. 

For a group of resistors used as a reinforced safeguard or for bridging reinforced 
insulation the clearance and creepage distance are assessed as if each resistor were 
short-circuited in turn unless the group complies with G.10.1 and the test of G.10.2. 

5.5.7 SPDs 

5.5.7.1 Use of an SPD connected to reliable earthing 

Where a varistor is used between the mains and earth: 

– the earth connection shall comply with 5.6.7; and 

– the varistor shall comply with Clause G.8. 

5.5.7.2 Use of an SPD between mains and protective earth 

Where an SPD is used between the mains and protective earth, it shall consist of a varistor 
and a GDT connected in series, where the following applies: 

– the varistor shall comply with Clause G.8; 

– the GDT shall comply with: 

¶ the electric strength test of 5.4.9.1 for basic insulation; and 

¶ the external clearance and creepage distance requirements of 5.4.2 and 5.4.3 
respectively for basic insulation. 

NOTE 1 Some examples of SPDs are MOVs, varistors and GDTs. A varistor is sometimes referred to as a VDR or 
a metal oxide varistor (MOV). 

The above requirements do not apply to SPDs: 

– intended for attenuating transient voltages from external circuits; and 
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– connected to reliable earth (see 5.5.7.1). 

NOTE 2 It is not a requirement of this standard that surge suppressors comply with any particular component 
standard. However, attention is drawn to the IEC 61643 series of standards, in particular: 

– IEC 61643-21 (surge suppressors in telecommunications application) 

– IEC 61643-311 (gas discharge tubes) 

– IEC 61643-321 (avalanche breakdown diodes) 

– IEC 61643-331 (metal oxide varistors). 

5.5.8 Insulation between the mains and an external circuit consisting of a coaxial 
cable 

The insulation between the mains and the connection to a coaxial cable, including any 
resistor in parallel with this insulation, shall be able to withstand surges from the external 
circuit and from the mains. 

This requirement does not apply in any of the following equipment: 

– equipment for indoor use provided with a built-in (integral) antenna and not provided with 
a connection to a coaxial cable; or 

– equipment connected to a reliable earth in accordance with 5.6.7. 

The combination of the insulation with the resistor is tested after the conditioning of G.10.3.1 
as follows: 

- for equipment intended to be connected to a coaxial cable connected to an outdoor 
antenna, the voltage surge test of G.10.3.2; or 

- for equipment intended to be connected to another coaxial cable, the impulse test of 
G.10.3.3; or 

- for equipment intended to be connected to both an outdoor antenna and other coaxial 
connections, the voltage surge test of G.10.3.2 and the impulse test of G.10.3.3. 

After the tests: 

- the insulation shall comply with 5.4.5.3 and the resistor may be removed during this test; 
and 

- the resistors shall comply with G.10.3.4, unless available data shows compliance of the 
resistor. 

5.6 Protective conductor 

5.6.1 General 

Under normal operating conditions, a protective conductor may serve: 

– as a basic safeguard to prevent accessible conductive parts from exceeding ES1 limits; 
and 

– as a means to limit transient voltages in an earthed circuit. 

Under single fault conditions, a protective conductor may serve as a supplementary 
safeguard to prevent accessible conductive parts from exceeding ES2 limits. 

5.6.2 Requirements for protective conductors 

5.6.2.1 General requirements 

Protective conductors shall not contain switches, current limiting devices or overcurrent 
protective devices. 

BS EN 62368-1:2014

BS EN 62368-1:2014
62368-1 © IEC:2014 – 138 –



62368-1 © IEC:2014 – 121 – 

– connected to reliable earth (see 5.5.7.1). 

NOTE 2 It is not a requirement of this standard that surge suppressors comply with any particular component 
standard. However, attention is drawn to the IEC 61643 series of standards, in particular: 

– IEC 61643-21 (surge suppressors in telecommunications application) 

– IEC 61643-311 (gas discharge tubes) 

– IEC 61643-321 (avalanche breakdown diodes) 

– IEC 61643-331 (metal oxide varistors). 

5.5.8 Insulation between the mains and an external circuit consisting of a coaxial 
cable 

The insulation between the mains and the connection to a coaxial cable, including any 
resistor in parallel with this insulation, shall be able to withstand surges from the external 
circuit and from the mains. 

This requirement does not apply in any of the following equipment: 

– equipment for indoor use provided with a built-in (integral) antenna and not provided with 
a connection to a coaxial cable; or 

– equipment connected to a reliable earth in accordance with 5.6.7. 

The combination of the insulation with the resistor is tested after the conditioning of G.10.3.1 
as follows: 

- for equipment intended to be connected to a coaxial cable connected to an outdoor 
antenna, the voltage surge test of G.10.3.2; or 

- for equipment intended to be connected to another coaxial cable, the impulse test of 
G.10.3.3; or 

- for equipment intended to be connected to both an outdoor antenna and other coaxial 
connections, the voltage surge test of G.10.3.2 and the impulse test of G.10.3.3. 

After the tests: 

- the insulation shall comply with 5.4.5.3 and the resistor may be removed during this test; 
and 

- the resistors shall comply with G.10.3.4, unless available data shows compliance of the 
resistor. 

5.6 Protective conductor 

5.6.1 General 

Under normal operating conditions, a protective conductor may serve: 

– as a basic safeguard to prevent accessible conductive parts from exceeding ES1 limits; 
and 

– as a means to limit transient voltages in an earthed circuit. 

Under single fault conditions, a protective conductor may serve as a supplementary 
safeguard to prevent accessible conductive parts from exceeding ES2 limits. 

5.6.2 Requirements for protective conductors 

5.6.2.1 General requirements 

Protective conductors shall not contain switches, current limiting devices or overcurrent 
protective devices. 
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– connected to reliable earth (see 5.5.7.1). 

NOTE 2 It is not a requirement of this standard that surge suppressors comply with any particular component 
standard. However, attention is drawn to the IEC 61643 series of standards, in particular: 

– IEC 61643-21 (surge suppressors in telecommunications application) 

– IEC 61643-311 (gas discharge tubes) 

– IEC 61643-321 (avalanche breakdown diodes) 

– IEC 61643-331 (metal oxide varistors). 

5.5.8 Insulation between the mains and an external circuit consisting of a coaxial 
cable 

The insulation between the mains and the connection to a coaxial cable, including any 
resistor in parallel with this insulation, shall be able to withstand surges from the external 
circuit and from the mains. 

This requirement does not apply in any of the following equipment: 

– equipment for indoor use provided with a built-in (integral) antenna and not provided with 
a connection to a coaxial cable; or 

– equipment connected to a reliable earth in accordance with 5.6.7. 

The combination of the insulation with the resistor is tested after the conditioning of G.10.3.1 
as follows: 

- for equipment intended to be connected to a coaxial cable connected to an outdoor 
antenna, the voltage surge test of G.10.3.2; or 

- for equipment intended to be connected to another coaxial cable, the impulse test of 
G.10.3.3; or 

- for equipment intended to be connected to both an outdoor antenna and other coaxial 
connections, the voltage surge test of G.10.3.2 and the impulse test of G.10.3.3. 

After the tests: 

- the insulation shall comply with 5.4.5.3 and the resistor may be removed during this test; 
and 

- the resistors shall comply with G.10.3.4, unless available data shows compliance of the 
resistor. 

5.6 Protective conductor 

5.6.1 General 

Under normal operating conditions, a protective conductor may serve: 

– as a basic safeguard to prevent accessible conductive parts from exceeding ES1 limits; 
and 

– as a means to limit transient voltages in an earthed circuit. 

Under single fault conditions, a protective conductor may serve as a supplementary 
safeguard to prevent accessible conductive parts from exceeding ES2 limits. 

5.6.2 Requirements for protective conductors 

5.6.2.1 General requirements 

Protective conductors shall not contain switches, current limiting devices or overcurrent 
protective devices. 
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– connected to reliable earth (see 5.5.7.1). 

NOTE 2 It is not a requirement of this standard that surge suppressors comply with any particular component 
standard. However, attention is drawn to the IEC 61643 series of standards, in particular: 

– IEC 61643-21 (surge suppressors in telecommunications application) 

– IEC 61643-311 (gas discharge tubes) 

– IEC 61643-321 (avalanche breakdown diodes) 

– IEC 61643-331 (metal oxide varistors). 

5.5.8 Insulation between the mains and an external circuit consisting of a coaxial 
cable 

The insulation between the mains and the connection to a coaxial cable, including any 
resistor in parallel with this insulation, shall be able to withstand surges from the external 
circuit and from the mains. 

This requirement does not apply in any of the following equipment: 

– equipment for indoor use provided with a built-in (integral) antenna and not provided with 
a connection to a coaxial cable; or 

– equipment connected to a reliable earth in accordance with 5.6.7. 

The combination of the insulation with the resistor is tested after the conditioning of G.10.3.1 
as follows: 

- for equipment intended to be connected to a coaxial cable connected to an outdoor 
antenna, the voltage surge test of G.10.3.2; or 

- for equipment intended to be connected to another coaxial cable, the impulse test of 
G.10.3.3; or 

- for equipment intended to be connected to both an outdoor antenna and other coaxial 
connections, the voltage surge test of G.10.3.2 and the impulse test of G.10.3.3. 

After the tests: 

- the insulation shall comply with 5.4.5.3 and the resistor may be removed during this test; 
and 

- the resistors shall comply with G.10.3.4, unless available data shows compliance of the 
resistor. 

5.6 Protective conductor 

5.6.1 General 

Under normal operating conditions, a protective conductor may serve: 

– as a basic safeguard to prevent accessible conductive parts from exceeding ES1 limits; 
and 

– as a means to limit transient voltages in an earthed circuit. 

Under single fault conditions, a protective conductor may serve as a supplementary 
safeguard to prevent accessible conductive parts from exceeding ES2 limits. 

5.6.2 Requirements for protective conductors 

5.6.2.1 General requirements 

Protective conductors shall not contain switches, current limiting devices or overcurrent 
protective devices. 
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The current-carrying capacity of protective conductors shall be adequate for the duration of 
the fault current under single fault conditions. 

The connections for the protective conductors shall make earlier and shall break later than 
the supply connections in each of the following: 

– a connector (on a cable) or a connector attached to a part or a subassembly that can be 
removed by other than a skilled person; 

NOTE It is good practice that this construction also be applied when it is expected that the skilled person 
will replace powered parts and assemblies while the equipment is operational. 

– a plug on a power supply cord; 

– an appliance coupler. 

Solder shall not serve as the sole means to provide mechanical securement of the protective 
conductor. 

The protective conductor termination shall be made such that it is not likely to be loosened 
during servicing, other that servicing of the actual conductor itself. The protective earthing 
conductor termination shall not serve as a means to fix any other component. 

5.6.2.2 Colour of insulation 

The insulation of the protective earthing conductor shall be green-and-yellow. 

If a protective bonding conductor is insulated, the insulation shall be green-and-yellow 
except in the following two cases: 

– for an earthing braid, the insulation, if provided, may be transparent; 

– a protective bonding conductor in assemblies such as ribbon cables, bus bars, printed 
wiring, etc., may be of any colour provided that no misinterpretation of the use of the 
conductor is likely to arise. 

Compliance is checked by inspection. 

5.6.3 Requirements for protective earthing conductors 

Protective earthing conductors shall comply with the minimum conductor sizes in 
Table G.5. 

NOTE 1 For permanently connected equipment provided with terminal(s) for connection to mains supply, 
reference is made to the national building wiring requirements for the size of the protective earthing conductor. 

NOTE 2 IEC 60364-5-54 can also be used to determine the minimum conductor size. 

For cord connected equipment supplied from a d.c. mains, the protective earth connection 
may be provided by a separate terminal. 

A protective earthing conductor serving as a reinforced safeguard may be used on 
pluggable equipment type B or on permanently connected equipment only and shall: 

– be included in and protected by a sheathed supply cord that complies with G.7.1 and 
which is not lighter than heavy duty; or 

NOTE 3 Heavy duty is defined in either IEC 60227-1 or IEC 60245-1. 

– have a minimum conductor size not less than 4 mm2 if not protected from physical damage; 
or 

– have a minimum conductor size not less than 2,5 mm2 if protected from physical damage; or 

BS EN 62368-1:2014

BS EN 62368-1:2014
62368-1 © IEC:2014– 139 –



62368-1 © IEC:2014 – 123 – 

– be protected by a conduit intended to be connected to the equipment and have a minimum 
size in accordance with Table 30. 

NOTE 4 For mains supply cords, see also Clause G.7. 

NOTE 5 A heavy duty cord jacket is considered suitable for protection against physical damage. 

Table 30 – Protective earthing conductor sizes for reinforced safeguards 
for permanently connected equipment 

Protection provided by Minimum protective earthing conductor size 

mm2 

Non-metallic flexible conduit 4 

Metallic flexible conduit 2,5 

Non-flexible metal conduit 1,5 

The protective earthing conductor is intended for installation by a skilled person.  

 
A protective earthing conductor serving as a double safeguard may be used on pluggable 
equipment type B or on permanently connected equipment only and shall consist of two 
independent protective earthing conductors. 

Compliance is checked by inspection and measurement of protective earthing conductor 
sizes in accordance with Table 30 or Table G.5 as applicable. 

5.6.4 Requirements for protective bonding conductors 

5.6.4.1 Requirements 

Protective bonding conductors of parts required to be earthed for safety purposes shall 
comply with one of the following: 

– the minimum conductor sizes in Table G.5; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit is more than 25 A, with the minimum conductor sizes in 
Table 31; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit does not exceed 25 A; either 

¶ with the minimum conductor sizes in Table 31; or 

¶ with the limited short-circuit test of Annex R; 
– for components only, be not smaller than the conductors supplying power to the 

component. 

NOTE The value of the protective current rating is used in Table 31 and in the test of 5.6.6.2. 
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– be protected by a conduit intended to be connected to the equipment and have a minimum 
size in accordance with Table 30. 

NOTE 4 For mains supply cords, see also Clause G.7. 

NOTE 5 A heavy duty cord jacket is considered suitable for protection against physical damage. 

Table 30 – Protective earthing conductor sizes for reinforced safeguards 
for permanently connected equipment 

Protection provided by Minimum protective earthing conductor size 

mm2 

Non-metallic flexible conduit 4 

Metallic flexible conduit 2,5 

Non-flexible metal conduit 1,5 

The protective earthing conductor is intended for installation by a skilled person.  

 
A protective earthing conductor serving as a double safeguard may be used on pluggable 
equipment type B or on permanently connected equipment only and shall consist of two 
independent protective earthing conductors. 

Compliance is checked by inspection and measurement of protective earthing conductor 
sizes in accordance with Table 30 or Table G.5 as applicable. 

5.6.4 Requirements for protective bonding conductors 

5.6.4.1 Requirements 

Protective bonding conductors of parts required to be earthed for safety purposes shall 
comply with one of the following: 

– the minimum conductor sizes in Table G.5; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit is more than 25 A, with the minimum conductor sizes in 
Table 31; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit does not exceed 25 A; either 

¶ with the minimum conductor sizes in Table 31; or 

¶ with the limited short-circuit test of Annex R; 
– for components only, be not smaller than the conductors supplying power to the 

component. 

NOTE The value of the protective current rating is used in Table 31 and in the test of 5.6.6.2. 

BS EN 62368-1:2014

BS EN 62368-1:2014
62368-1 © IEC:2014 – 140 –

62368-1 © IEC:2014 – 123 – 

– be protected by a conduit intended to be connected to the equipment and have a minimum 
size in accordance with Table 30. 

NOTE 4 For mains supply cords, see also Clause G.7. 

NOTE 5 A heavy duty cord jacket is considered suitable for protection against physical damage. 

Table 30 – Protective earthing conductor sizes for reinforced safeguards 
for permanently connected equipment 

Protection provided by Minimum protective earthing conductor size 

mm2 

Non-metallic flexible conduit 4 

Metallic flexible conduit 2,5 

Non-flexible metal conduit 1,5 

The protective earthing conductor is intended for installation by a skilled person.  

 
A protective earthing conductor serving as a double safeguard may be used on pluggable 
equipment type B or on permanently connected equipment only and shall consist of two 
independent protective earthing conductors. 

Compliance is checked by inspection and measurement of protective earthing conductor 
sizes in accordance with Table 30 or Table G.5 as applicable. 

5.6.4 Requirements for protective bonding conductors 

5.6.4.1 Requirements 

Protective bonding conductors of parts required to be earthed for safety purposes shall 
comply with one of the following: 

– the minimum conductor sizes in Table G.5; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit is more than 25 A, with the minimum conductor sizes in 
Table 31; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit does not exceed 25 A; either 

¶ with the minimum conductor sizes in Table 31; or 

¶ with the limited short-circuit test of Annex R; 
– for components only, be not smaller than the conductors supplying power to the 

component. 

NOTE The value of the protective current rating is used in Table 31 and in the test of 5.6.6.2. 
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– be protected by a conduit intended to be connected to the equipment and have a minimum 
size in accordance with Table 30. 

NOTE 4 For mains supply cords, see also Clause G.7. 

NOTE 5 A heavy duty cord jacket is considered suitable for protection against physical damage. 

Table 30 – Protective earthing conductor sizes for reinforced safeguards 
for permanently connected equipment 

Protection provided by Minimum protective earthing conductor size 

mm2 

Non-metallic flexible conduit 4 

Metallic flexible conduit 2,5 

Non-flexible metal conduit 1,5 

The protective earthing conductor is intended for installation by a skilled person.  

 
A protective earthing conductor serving as a double safeguard may be used on pluggable 
equipment type B or on permanently connected equipment only and shall consist of two 
independent protective earthing conductors. 

Compliance is checked by inspection and measurement of protective earthing conductor 
sizes in accordance with Table 30 or Table G.5 as applicable. 

5.6.4 Requirements for protective bonding conductors 

5.6.4.1 Requirements 

Protective bonding conductors of parts required to be earthed for safety purposes shall 
comply with one of the following: 

– the minimum conductor sizes in Table G.5; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit is more than 25 A, with the minimum conductor sizes in 
Table 31; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit does not exceed 25 A; either 

¶ with the minimum conductor sizes in Table 31; or 

¶ with the limited short-circuit test of Annex R; 
– for components only, be not smaller than the conductors supplying power to the 

component. 

NOTE The value of the protective current rating is used in Table 31 and in the test of 5.6.6.2. 
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Table 31 – Minimum protective bonding conductor size of copper conductors 

Smaller of the rated current of the 
equipment or the protective current 

rating of the circuit under 
consideration 

A 

up to and including 

Minimum conductor sizes 

Cross-sectional area 

mm2 
AWG 

[cross-sectional area in mm2] 

3 0,3 22 [0,324] 

6 0,5 20 [0,519] 

10 0,75 18 [0,8] 

13 1,0 16 [1,3] 

16 1,25 16 [1,3] 

25 1,5 14 [2] 

32 2,5 12 [3] 

40 4,0 10 [5] 

63 6,0 8 [8] 

80 10 6 [13] 

100 16 4 [21] 

125 25 2 [33] 

160 35 1 [42] 

190 50 0 [53] 

230 70 000 [85] 

260 95 0000 [107] 

  kcmil 
[cross-sectional area in mm2] 

300 120 250 [126] 

340 150 300 [152] 

400 185 400 [202] 

460 240 500 [253] 

NOTE AWG and kcmil sizes are provided for information only. The associated cross-sectional areas 
have been rounded to show significant figures only. AWG refers to the American Wire Gage and the 
term "cmil" refers to circular mils where one circular mil is equal to (diameter in mils)2. These terms are 
commonly used to designate wire sizes in North America. 

 

5.6.4.2 Determination of the protective current rating 

5.6.4.2.1 Mains supply as the source 

Where the source is the mains supply, the protective current rating of the circuit is the 
rating of the overcurrent protective device provided in the building installation, or as part of 
the equipment. 

Where the overcurrent protective device is provided in the building installation, then: 

– for pluggable equipment type A, the protective current rating is the rating of an 
overcurrent protective device provided external to the equipment (for example, in the 
building wiring, in the mains plug or in an equipment rack), with a minimum of 16 A; 

NOTE 1 In most countries, 16 A is considered to be suitable as the protective current rating of the circuit 
supplied from the mains. 

NOTE 2 In Canada and the USA, the protective current rating of the circuit supplied from the mains is 
taken as 20 A. 
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NOTE 3 In the UK and Ireland the protective current rating is taken to be 13 A, this being the largest rating 
of fuse used in the mains plug. 

– for pluggable equipment type B, and permanently connected equipment the 
protective current rating is the maximum rating of the overcurrent protective device 
specified in the equipment installation instructions to be provided external to the 
equipment. 

5.6.4.2.2 Other than mains supply as the source 

Where the source is an external supply having the maximum current inherently limited by the 
internal source impedance (such as an impedance protected transformer), the protective 
current rating of the circuit is the highest current available from that supply into any load.  

Where the maximum current from the external supply source is limited by electronic 
components in the source, the protective current rating shall be taken as the maximum 
output current with any resistive load, including a short-circuit. If the current is limited by an 
impedance, a fuse, a PTC device or a circuit breaker, the current is measured 60 s after the 
application of the load. If the current is limited by other means, the current is measured 5 s 
after the application of the load. 

5.6.4.2.3 Internal circuit as the source 

Where the source is a circuit within the equipment, the protective current rating of the 
circuit is: 

– the rating of the overcurrent protective device if the current is limited by an overcurrent 
protective device; or 

– the maximum output current, if the current is limited by the source impedance of the 
supply. The output current is measured with any resistive load including a short-circuit 
measured 60 s after the application of the load if current is limited by impedance or the 
current limiting device is a fuse, a circuit breaker or a PTC device, or 5 s in other cases. 

5.6.4.3 Current limiting and overcurrent protective devices 

The current limiting device (a PTC device) or the overcurrent protective device (a fuse or a 
circuit breaker) shall not be connected in parallel with any other component that could fail to a 
low-resistance state. 

5.6.4.4 Compliance criteria 

Compliance is checked by inspection and measurement of the protective bonding 
conductor sizes in accordance with Table 31 or Table G.5 and the test of 5.6.6 or Annex R 
as applicable. 

5.6.5 Terminals for protective conductors 

5.6.5.1 Requirements 

Terminals for connecting protective earthing conductors shall comply with the minimum 
terminal sizes in Table 32. 

Terminals for connecting protective bonding conductors shall comply with one of the 
following: 

– the minimum terminal sizes in Table 32; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit is more than 25 A, with terminal sizes that are not more than 
one size smaller than in Table 32; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit does not exceed 25 A; either 
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NOTE 3 In the UK and Ireland the protective current rating is taken to be 13 A, this being the largest rating 
of fuse used in the mains plug. 

– for pluggable equipment type B, and permanently connected equipment the 
protective current rating is the maximum rating of the overcurrent protective device 
specified in the equipment installation instructions to be provided external to the 
equipment. 

5.6.4.2.2 Other than mains supply as the source 

Where the source is an external supply having the maximum current inherently limited by the 
internal source impedance (such as an impedance protected transformer), the protective 
current rating of the circuit is the highest current available from that supply into any load.  

Where the maximum current from the external supply source is limited by electronic 
components in the source, the protective current rating shall be taken as the maximum 
output current with any resistive load, including a short-circuit. If the current is limited by an 
impedance, a fuse, a PTC device or a circuit breaker, the current is measured 60 s after the 
application of the load. If the current is limited by other means, the current is measured 5 s 
after the application of the load. 

5.6.4.2.3 Internal circuit as the source 

Where the source is a circuit within the equipment, the protective current rating of the 
circuit is: 

– the rating of the overcurrent protective device if the current is limited by an overcurrent 
protective device; or 

– the maximum output current, if the current is limited by the source impedance of the 
supply. The output current is measured with any resistive load including a short-circuit 
measured 60 s after the application of the load if current is limited by impedance or the 
current limiting device is a fuse, a circuit breaker or a PTC device, or 5 s in other cases. 

5.6.4.3 Current limiting and overcurrent protective devices 

The current limiting device (a PTC device) or the overcurrent protective device (a fuse or a 
circuit breaker) shall not be connected in parallel with any other component that could fail to a 
low-resistance state. 

5.6.4.4 Compliance criteria 

Compliance is checked by inspection and measurement of the protective bonding 
conductor sizes in accordance with Table 31 or Table G.5 and the test of 5.6.6 or Annex R 
as applicable. 

5.6.5 Terminals for protective conductors 

5.6.5.1 Requirements 

Terminals for connecting protective earthing conductors shall comply with the minimum 
terminal sizes in Table 32. 

Terminals for connecting protective bonding conductors shall comply with one of the 
following: 

– the minimum terminal sizes in Table 32; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit is more than 25 A, with terminal sizes that are not more than 
one size smaller than in Table 32; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit does not exceed 25 A; either 

BS EN 62368-1:2014

BS EN 62368-1:2014
62368-1 © IEC:2014 – 142 –

^deleted note_

62368-1 © IEC:2014 – 125 – 

NOTE 3 In the UK and Ireland the protective current rating is taken to be 13 A, this being the largest rating 
of fuse used in the mains plug. 

– for pluggable equipment type B, and permanently connected equipment the 
protective current rating is the maximum rating of the overcurrent protective device 
specified in the equipment installation instructions to be provided external to the 
equipment. 

5.6.4.2.2 Other than mains supply as the source 

Where the source is an external supply having the maximum current inherently limited by the 
internal source impedance (such as an impedance protected transformer), the protective 
current rating of the circuit is the highest current available from that supply into any load.  

Where the maximum current from the external supply source is limited by electronic 
components in the source, the protective current rating shall be taken as the maximum 
output current with any resistive load, including a short-circuit. If the current is limited by an 
impedance, a fuse, a PTC device or a circuit breaker, the current is measured 60 s after the 
application of the load. If the current is limited by other means, the current is measured 5 s 
after the application of the load. 

5.6.4.2.3 Internal circuit as the source 

Where the source is a circuit within the equipment, the protective current rating of the 
circuit is: 

– the rating of the overcurrent protective device if the current is limited by an overcurrent 
protective device; or 

– the maximum output current, if the current is limited by the source impedance of the 
supply. The output current is measured with any resistive load including a short-circuit 
measured 60 s after the application of the load if current is limited by impedance or the 
current limiting device is a fuse, a circuit breaker or a PTC device, or 5 s in other cases. 

5.6.4.3 Current limiting and overcurrent protective devices 

The current limiting device (a PTC device) or the overcurrent protective device (a fuse or a 
circuit breaker) shall not be connected in parallel with any other component that could fail to a 
low-resistance state. 

5.6.4.4 Compliance criteria 

Compliance is checked by inspection and measurement of the protective bonding 
conductor sizes in accordance with Table 31 or Table G.5 and the test of 5.6.6 or Annex R 
as applicable. 

5.6.5 Terminals for protective conductors 

5.6.5.1 Requirements 

Terminals for connecting protective earthing conductors shall comply with the minimum 
terminal sizes in Table 32. 

Terminals for connecting protective bonding conductors shall comply with one of the 
following: 

– the minimum terminal sizes in Table 32; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit is more than 25 A, with terminal sizes that are not more than 
one size smaller than in Table 32; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit does not exceed 25 A; either 
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NOTE 3 In the UK and Ireland the protective current rating is taken to be 13 A, this being the largest rating 
of fuse used in the mains plug. 

– for pluggable equipment type B, and permanently connected equipment the 
protective current rating is the maximum rating of the overcurrent protective device 
specified in the equipment installation instructions to be provided external to the 
equipment. 

5.6.4.2.2 Other than mains supply as the source 

Where the source is an external supply having the maximum current inherently limited by the 
internal source impedance (such as an impedance protected transformer), the protective 
current rating of the circuit is the highest current available from that supply into any load.  

Where the maximum current from the external supply source is limited by electronic 
components in the source, the protective current rating shall be taken as the maximum 
output current with any resistive load, including a short-circuit. If the current is limited by an 
impedance, a fuse, a PTC device or a circuit breaker, the current is measured 60 s after the 
application of the load. If the current is limited by other means, the current is measured 5 s 
after the application of the load. 

5.6.4.2.3 Internal circuit as the source 

Where the source is a circuit within the equipment, the protective current rating of the 
circuit is: 

– the rating of the overcurrent protective device if the current is limited by an overcurrent 
protective device; or 

– the maximum output current, if the current is limited by the source impedance of the 
supply. The output current is measured with any resistive load including a short-circuit 
measured 60 s after the application of the load if current is limited by impedance or the 
current limiting device is a fuse, a circuit breaker or a PTC device, or 5 s in other cases. 

5.6.4.3 Current limiting and overcurrent protective devices 

The current limiting device (a PTC device) or the overcurrent protective device (a fuse or a 
circuit breaker) shall not be connected in parallel with any other component that could fail to a 
low-resistance state. 

5.6.4.4 Compliance criteria 

Compliance is checked by inspection and measurement of the protective bonding 
conductor sizes in accordance with Table 31 or Table G.5 and the test of 5.6.6 or Annex R 
as applicable. 

5.6.5 Terminals for protective conductors 

5.6.5.1 Requirements 

Terminals for connecting protective earthing conductors shall comply with the minimum 
terminal sizes in Table 32. 

Terminals for connecting protective bonding conductors shall comply with one of the 
following: 

– the minimum terminal sizes in Table 32; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit is more than 25 A, with terminal sizes that are not more than 
one size smaller than in Table 32; or 

– the requirements of 5.6.6 and, if the rated current of the equipment or the protective 
current rating of the circuit does not exceed 25 A; either 

BS EN 62368-1:2014

 – 126 – 62368-1 © IEC:2014 

¶ with terminal sizes that are not more than one size smaller than in Table 32; or 

¶ with the limited short-circuit test of Annex R; 
– for components only, be not smaller than the terminal sizes supplying power to the 

component. 

Table 32 – Sizes of terminals for protective conductors 

Conductor size 

mm2 

(from Table G.5) 

Minimum nominal thread diameter 

mm 

Area of cross section 

mm2 

Pillar type or stud type Screw type a  Pillar type or stud type Screw type a 

1 

1,5 

2,5 

4 

6 

10 b 

16 b 

3,0 

3,5 

4,0 

4,0 

5,0 

6,0 

7,9 

3,5 

4,0 

5,0 

5,0 

5,0 

6,0 

7,9 

7 

9,6 

12,6 

12,6 

19,6 

28 

49 

9,6 

12,6 

19,6 

19,6 

19,6 

28 

49 
a "Screw type" refers to a terminal that clamps the conductor under the head of a screw, with or without a 

washer. 
b As an alternative to the requirements of this table, the protective earthing conductor may be attached to 

special connectors, or suitable clamping means (for example, an upturned spade or closed loop pressure 
type; clamping unit type; saddle clamping unit type; mantle clamping unit type; etc.) that is secured by a 
screw and nut mechanism to the metal chassis of the equipment. The sum of the cross-sectional areas of the 
screw and the nut shall not be less than three times the cross-sectional area of the conductor size in Table 31 
or Table G.5 as applicable. The terminals shall comply with IEC 60998-1 and IEC 60999-1 or IEC 60999-2. 

Compliance is checked by inspection and measurement of protective terminal sizes in 
accordance with Table 32, the test of 5.6.6 or Annex R as applicable. 

5.6.5.2 Corrosion 

Conductive parts in contact at the main protective earthing terminal, protective bonding 
terminals and connections shall be selected in accordance with Annex N so that the potential 
difference between any two different metals is 0,6 V or less. 

Compliance is checked by inspection of the materials of the conductors and terminals and 
associated parts and determination of the potential difference. 

5.6.6 Resistance of the protective bonding system 

5.6.6.1 Requirements 

Protective bonding conductors and their terminations shall not have excessive resistance. 

NOTE A protective bonding system in the equipment consists of a single conductor or a combination of 
conductive parts, connecting a main protective earthing terminal to a part of the equipment that is to be earthed for 
safety purposes. 

Protective bonding conductors that meet the minimum conductor sizes in Table G.5 
throughout their length and whose terminals all meet the minimum sizes in Table 32 are 
considered to comply without test. 

On equipment where the protective earth connection to a subassembly or to a separate unit is 
made by means of one core of a multicore cable that also supplies power to that subassembly 
or unit and where the cable is protected by a suitably rated protective device that takes into 
account the size of the conductor, the resistance of the protective bonding conductor in 
that cable is not included in the measurement. 
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5.6.6.2 Test method 

The test current can be either a.c. or d.c. and the test voltage shall not exceed 12 V. The 
measurement is made between the main protective earthing terminal and the point in the 
equipment that is required to be earthed. 

The resistance of the protective earthing conductor and of any earthed conductor in other 
external wiring is not included in the measurement. However, if the protective earthing 
conductor is supplied with the equipment, the conductor may be included in the test circuit 
but the measurement of the voltage drop is made only from the main protective earthing 
terminal to the part required to be earthed. 

Care is taken that the contact resistance between the tip of the measuring probe and the 
conductive part under test does not influence the test results. The test current and duration of 
the test are as follows: 

a)  For equipment powered from the mains where the protective current rating of the 
circuit under test is 25 A or less, the test current is 200 % of the protective current 
rating applied for 2 min. 

b)  For equipment powered from the mains where the protective current rating of the 
circuit under test exceeds 25 A, the test current is 200 % of the protective current 
rating or 500 A, whichever is less, and the duration of the test is as shown in Table 33. 

Table 33 – Test duration, mains connected equipment 

Protective current rating of the circuit 
A 

up to and including 

Duration of the test 

 
min 

30 2 

60 4 

100 6 

200 8 

over 200 10 

c)  As an alternative to b), the tests are based on the time-current characteristic of the 
overcurrent protective device that limits the fault current in the protective bonding 
conductor. This device is either one provided in the EUT or specified in the installation 
instructions to be provided external to the equipment. The tests are conducted at 200 % 
of the protective current rating, for the duration corresponding to 200 % on the time-
current characteristic. If the duration for 200 % is not given, the nearest point on the time-
current characteristic may be used. 

d)  For equipment powered from a d.c. mains, if the protective current rating of the circuit 
under test exceeds 25 A, the test current and duration are as specified by the 
manufacturer. 

e)  For equipment receiving its power from an external circuit, the test current is 1,5 times 
the maximum current available from the external circuit or 2 A, whichever is greater, for 
a duration of 2 min. For parts connected to the protective bonding conductor to limit 
the transients or to limit touch current to an external circuit and that do not exceed an 
ES2 level during single fault conditions, the test is conducted in accordance with the 
relevant test method of either a), b), c) or d) based on the power source assumed. 

5.6.6.3 Compliance criteria 

Where the protective current rating is less than 25 A, the resistance of the protective 
bonding system, calculated from the voltage drop, shall not exceed 0,1 W. 
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5.6.6.2 Test method 

The test current can be either a.c. or d.c. and the test voltage shall not exceed 12 V. The 
measurement is made between the main protective earthing terminal and the point in the 
equipment that is required to be earthed. 

The resistance of the protective earthing conductor and of any earthed conductor in other 
external wiring is not included in the measurement. However, if the protective earthing 
conductor is supplied with the equipment, the conductor may be included in the test circuit 
but the measurement of the voltage drop is made only from the main protective earthing 
terminal to the part required to be earthed. 

Care is taken that the contact resistance between the tip of the measuring probe and the 
conductive part under test does not influence the test results. The test current and duration of 
the test are as follows: 

a)  For equipment powered from the mains where the protective current rating of the 
circuit under test is 25 A or less, the test current is 200 % of the protective current 
rating applied for 2 min. 

b)  For equipment powered from the mains where the protective current rating of the 
circuit under test exceeds 25 A, the test current is 200 % of the protective current 
rating or 500 A, whichever is less, and the duration of the test is as shown in Table 33. 

Table 33 – Test duration, mains connected equipment 

Protective current rating of the circuit 
A 

up to and including 

Duration of the test 

 
min 

30 2 

60 4 

100 6 

200 8 

over 200 10 

c)  As an alternative to b), the tests are based on the time-current characteristic of the 
overcurrent protective device that limits the fault current in the protective bonding 
conductor. This device is either one provided in the EUT or specified in the installation 
instructions to be provided external to the equipment. The tests are conducted at 200 % 
of the protective current rating, for the duration corresponding to 200 % on the time-
current characteristic. If the duration for 200 % is not given, the nearest point on the time-
current characteristic may be used. 

d)  For equipment powered from a d.c. mains, if the protective current rating of the circuit 
under test exceeds 25 A, the test current and duration are as specified by the 
manufacturer. 

e)  For equipment receiving its power from an external circuit, the test current is 1,5 times 
the maximum current available from the external circuit or 2 A, whichever is greater, for 
a duration of 2 min. For parts connected to the protective bonding conductor to limit 
the transients or to limit touch current to an external circuit and that do not exceed an 
ES2 level during single fault conditions, the test is conducted in accordance with the 
relevant test method of either a), b), c) or d) based on the power source assumed. 

5.6.6.3 Compliance criteria 

Where the protective current rating is less than 25 A, the resistance of the protective 
bonding system, calculated from the voltage drop, shall not exceed 0,1 W. 
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5.6.6.2 Test method 

The test current can be either a.c. or d.c. and the test voltage shall not exceed 12 V. The 
measurement is made between the main protective earthing terminal and the point in the 
equipment that is required to be earthed. 

The resistance of the protective earthing conductor and of any earthed conductor in other 
external wiring is not included in the measurement. However, if the protective earthing 
conductor is supplied with the equipment, the conductor may be included in the test circuit 
but the measurement of the voltage drop is made only from the main protective earthing 
terminal to the part required to be earthed. 

Care is taken that the contact resistance between the tip of the measuring probe and the 
conductive part under test does not influence the test results. The test current and duration of 
the test are as follows: 

a)  For equipment powered from the mains where the protective current rating of the 
circuit under test is 25 A or less, the test current is 200 % of the protective current 
rating applied for 2 min. 

b)  For equipment powered from the mains where the protective current rating of the 
circuit under test exceeds 25 A, the test current is 200 % of the protective current 
rating or 500 A, whichever is less, and the duration of the test is as shown in Table 33. 

Table 33 – Test duration, mains connected equipment 

Protective current rating of the circuit 
A 

up to and including 

Duration of the test 

 
min 

30 2 

60 4 

100 6 

200 8 

over 200 10 

c)  As an alternative to b), the tests are based on the time-current characteristic of the 
overcurrent protective device that limits the fault current in the protective bonding 
conductor. This device is either one provided in the EUT or specified in the installation 
instructions to be provided external to the equipment. The tests are conducted at 200 % 
of the protective current rating, for the duration corresponding to 200 % on the time-
current characteristic. If the duration for 200 % is not given, the nearest point on the time-
current characteristic may be used. 

d)  For equipment powered from a d.c. mains, if the protective current rating of the circuit 
under test exceeds 25 A, the test current and duration are as specified by the 
manufacturer. 

e)  For equipment receiving its power from an external circuit, the test current is 1,5 times 
the maximum current available from the external circuit or 2 A, whichever is greater, for 
a duration of 2 min. For parts connected to the protective bonding conductor to limit 
the transients or to limit touch current to an external circuit and that do not exceed an 
ES2 level during single fault conditions, the test is conducted in accordance with the 
relevant test method of either a), b), c) or d) based on the power source assumed. 

5.6.6.3 Compliance criteria 

Where the protective current rating is less than 25 A, the resistance of the protective 
bonding system, calculated from the voltage drop, shall not exceed 0,1 W. 
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5.6.6.2 Test method 

The test current can be either a.c. or d.c. and the test voltage shall not exceed 12 V. The 
measurement is made between the main protective earthing terminal and the point in the 
equipment that is required to be earthed. 

The resistance of the protective earthing conductor and of any earthed conductor in other 
external wiring is not included in the measurement. However, if the protective earthing 
conductor is supplied with the equipment, the conductor may be included in the test circuit 
but the measurement of the voltage drop is made only from the main protective earthing 
terminal to the part required to be earthed. 

Care is taken that the contact resistance between the tip of the measuring probe and the 
conductive part under test does not influence the test results. The test current and duration of 
the test are as follows: 

a)  For equipment powered from the mains where the protective current rating of the 
circuit under test is 25 A or less, the test current is 200 % of the protective current 
rating applied for 2 min. 

b)  For equipment powered from the mains where the protective current rating of the 
circuit under test exceeds 25 A, the test current is 200 % of the protective current 
rating or 500 A, whichever is less, and the duration of the test is as shown in Table 33. 

Table 33 – Test duration, mains connected equipment 

Protective current rating of the circuit 
A 

up to and including 

Duration of the test 

 
min 

30 2 

60 4 

100 6 

200 8 

over 200 10 

c)  As an alternative to b), the tests are based on the time-current characteristic of the 
overcurrent protective device that limits the fault current in the protective bonding 
conductor. This device is either one provided in the EUT or specified in the installation 
instructions to be provided external to the equipment. The tests are conducted at 200 % 
of the protective current rating, for the duration corresponding to 200 % on the time-
current characteristic. If the duration for 200 % is not given, the nearest point on the time-
current characteristic may be used. 

d)  For equipment powered from a d.c. mains, if the protective current rating of the circuit 
under test exceeds 25 A, the test current and duration are as specified by the 
manufacturer. 

e)  For equipment receiving its power from an external circuit, the test current is 1,5 times 
the maximum current available from the external circuit or 2 A, whichever is greater, for 
a duration of 2 min. For parts connected to the protective bonding conductor to limit 
the transients or to limit touch current to an external circuit and that do not exceed an 
ES2 level during single fault conditions, the test is conducted in accordance with the 
relevant test method of either a), b), c) or d) based on the power source assumed. 

5.6.6.3 Compliance criteria 

Where the protective current rating is less than 25 A, the resistance of the protective 
bonding system, calculated from the voltage drop, shall not exceed 0,1 W. 
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Where the protective current rating is 25 A or more, the voltage drop over the protective 
bonding system shall not exceed 2,5 V. 

5.6.7 Reliable earthing 

For permanently connected equipment earthing is considered to be reliable. 

For cord connected mains equipment, earthing is also considered to be reliable for: 

– pluggable equipment type B; or 

– stationary pluggable equipment type A, 

¶ that is intended to be used in a location having equipotential bonding (such as a 
telecommunication centre, a dedicated computer room, or a restricted access area); 
and  

¶ has installation instructions that require verification of the protective earthing 
connection of the socket-outlet by a skilled person; or 

– stationary pluggable equipment type A that has provision for a permanently connected 
protective earthing conductor, including instructions for the installation of that conductor 
to building earth by a skilled person. 

For equipment connected to an external circuit as indicated in Table 14, ID numbers 1, 2, 3, 
4 and 5, earthing is considered to be reliable for pluggable equipment type A and 
pluggable equipment type B that have provision for a permanently connected protective 
earthing conductor, including instructions for the installation of that conductor to building 
earth by a skilled person. 

5.7 Prospective touch voltage, touch current and protective conductor current 

5.7.1 General 

Measurements of prospective touch voltage, touch current, and protective conductor 
current are made with the EUT operating at the most unfavourable supply voltage (see 
B.2.3). 

5.7.2 Measuring devices and networks 

5.7.2.1 Measurement of touch current 

For measurements of touch current, the instrument used for measuring U2 and U3 specified 
in Figures 4 and 5 respectively in IEC 60990:1999 shall indicate peak voltage. If the touch 
current waveform is sinusoidal, an r.m.s. indicating instrument may be used. 

5.7.2.2 Measurement of voltage 

Equipment, or parts of equipment, that are intended to be earthed in the intended application, 
but are unearthed as provided, shall be connected to earth during the measurement at the 
point by which the highest prospective touch voltage is obtained. 

5.7.3 Equipment set-up, supply connections and earth connections 

The equipment set-up, equipment supply connections and equipment earthing shall be in 
accordance with Clause 4, 5.3 and 5.4 of IEC 60990:1999. 

Equipment provided with a connection to earth separate from the protective earthing 
conductor shall be tested with that connection disconnected. 

Systems of interconnected equipment with separate connections to the mains shall have each 
equipment tested separately. 
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Systems of interconnected equipment with one connection to the mains shall be tested as a 
single equipment. 

NOTE Systems of interconnected equipment are specified in more detail in Annex A of IEC 60990:1999. 

Equipment that is designed for multiple connections to the mains, where only one connection 
is required at a time, shall have each connection tested while the other connections are 
disconnected. 

Equipment that is designed for multiple connections to the mains, where more than one 
connection is required, shall have each connection tested while the other connections are 
connected, with the protective earthing conductors connected together. If the touch 
current exceeds the limit in 5.2.2.2, the touch current shall be measured individually. 

5.7.4 Earthed accessible conductive parts 

At least one earthed accessible conductive part shall be tested for touch current following 
supply connection faults in accordance with 6.1 and 6.2.2 of IEC 60990:1999, except 6.2.2.7. 
Except as permitted in 5.7.6, the touch current shall not exceed the ES2 limits in 5.2.2.2. 

Subclause 6.2.2.2 of IEC 60990:1999 does not apply to equipment with a switch or other 
disconnect device that disconnects all poles of the supply. 

NOTE An appliance coupler is an example of a disconnect device. 

5.7.5 Protective conductor current 

The protective conductor current shall not exceed the ES2 limits in 5.2.2.2, unless all of the 
following conditions are met: 

– the current shall not exceed 5 % of the input current measured under normal operating 
conditions; 

– the construction of the protective conductor circuit and its connections shall have: 

¶ a protective earthing conductor serving as a reinforced safeguard or two 
independent protective earthing conductors serving as double safeguard as 
specified in 5.6.3, and 

¶ a reliable earthing as specified in 5.6.7. 

If the protective conductor current exceeds the ES2 limits of 5.2.2.2, then an instructional 
safeguard shall be provided in accordance with Clause F.5, except that element 3 is optional. 

The elements of the instructional safeguard shall be as follows: 

– element 1a:     , IEC 60417-6042 (2010-11) and  

 , IEC 60417-6173 (2012-10) and  

 , IEC 60417-5019 (2006-08) 

– element 2: “Caution” or equivalent word or text, and “High touch current” or equivalent text 

– element 3:  optional 

– element 4:  “Connect to earth before connecting to supply” or equivalent text 

The instructional safeguard shall be affixed to the equipment adjacent to the equipment 
supply connection. 
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Systems of interconnected equipment with one connection to the mains shall be tested as a 
single equipment. 

NOTE Systems of interconnected equipment are specified in more detail in Annex A of IEC 60990:1999. 

Equipment that is designed for multiple connections to the mains, where only one connection 
is required at a time, shall have each connection tested while the other connections are 
disconnected. 

Equipment that is designed for multiple connections to the mains, where more than one 
connection is required, shall have each connection tested while the other connections are 
connected, with the protective earthing conductors connected together. If the touch 
current exceeds the limit in 5.2.2.2, the touch current shall be measured individually. 

5.7.4 Earthed accessible conductive parts 

At least one earthed accessible conductive part shall be tested for touch current following 
supply connection faults in accordance with 6.1 and 6.2.2 of IEC 60990:1999, except 6.2.2.7. 
Except as permitted in 5.7.6, the touch current shall not exceed the ES2 limits in 5.2.2.2. 

Subclause 6.2.2.2 of IEC 60990:1999 does not apply to equipment with a switch or other 
disconnect device that disconnects all poles of the supply. 

NOTE An appliance coupler is an example of a disconnect device. 

5.7.5 Protective conductor current 

The protective conductor current shall not exceed the ES2 limits in 5.2.2.2, unless all of the 
following conditions are met: 

– the current shall not exceed 5 % of the input current measured under normal operating 
conditions; 

– the construction of the protective conductor circuit and its connections shall have: 

¶ a protective earthing conductor serving as a reinforced safeguard or two 
independent protective earthing conductors serving as double safeguard as 
specified in 5.6.3, and 

¶ a reliable earthing as specified in 5.6.7. 

If the protective conductor current exceeds the ES2 limits of 5.2.2.2, then an instructional 
safeguard shall be provided in accordance with Clause F.5, except that element 3 is optional. 

The elements of the instructional safeguard shall be as follows: 

– element 1a:     , IEC 60417-6042 (2010-11) and  

 , IEC 60417-6173 (2012-10) and  

 , IEC 60417-5019 (2006-08) 

– element 2: “Caution” or equivalent word or text, and “High touch current” or equivalent text 

– element 3:  optional 

– element 4:  “Connect to earth before connecting to supply” or equivalent text 

The instructional safeguard shall be affixed to the equipment adjacent to the equipment 
supply connection. 
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Systems of interconnected equipment with one connection to the mains shall be tested as a 
single equipment. 

NOTE Systems of interconnected equipment are specified in more detail in Annex A of IEC 60990:1999. 

Equipment that is designed for multiple connections to the mains, where only one connection 
is required at a time, shall have each connection tested while the other connections are 
disconnected. 

Equipment that is designed for multiple connections to the mains, where more than one 
connection is required, shall have each connection tested while the other connections are 
connected, with the protective earthing conductors connected together. If the touch 
current exceeds the limit in 5.2.2.2, the touch current shall be measured individually. 

5.7.4 Earthed accessible conductive parts 

At least one earthed accessible conductive part shall be tested for touch current following 
supply connection faults in accordance with 6.1 and 6.2.2 of IEC 60990:1999, except 6.2.2.7. 
Except as permitted in 5.7.6, the touch current shall not exceed the ES2 limits in 5.2.2.2. 

Subclause 6.2.2.2 of IEC 60990:1999 does not apply to equipment with a switch or other 
disconnect device that disconnects all poles of the supply. 

NOTE An appliance coupler is an example of a disconnect device. 

5.7.5 Protective conductor current 

The protective conductor current shall not exceed the ES2 limits in 5.2.2.2, unless all of the 
following conditions are met: 

– the current shall not exceed 5 % of the input current measured under normal operating 
conditions; 

– the construction of the protective conductor circuit and its connections shall have: 

¶ a protective earthing conductor serving as a reinforced safeguard or two 
independent protective earthing conductors serving as double safeguard as 
specified in 5.6.3, and 

¶ a reliable earthing as specified in 5.6.7. 

If the protective conductor current exceeds the ES2 limits of 5.2.2.2, then an instructional 
safeguard shall be provided in accordance with Clause F.5, except that element 3 is optional. 

The elements of the instructional safeguard shall be as follows: 

– element 1a:     , IEC 60417-6042 (2010-11) and  

 , IEC 60417-6173 (2012-10) and  

 , IEC 60417-5019 (2006-08) 

– element 2: “Caution” or equivalent word or text, and “High touch current” or equivalent text 

– element 3:  optional 

– element 4:  “Connect to earth before connecting to supply” or equivalent text 

The instructional safeguard shall be affixed to the equipment adjacent to the equipment 
supply connection. 
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Systems of interconnected equipment with one connection to the mains shall be tested as a 
single equipment. 

NOTE Systems of interconnected equipment are specified in more detail in Annex A of IEC 60990:1999. 

Equipment that is designed for multiple connections to the mains, where only one connection 
is required at a time, shall have each connection tested while the other connections are 
disconnected. 

Equipment that is designed for multiple connections to the mains, where more than one 
connection is required, shall have each connection tested while the other connections are 
connected, with the protective earthing conductors connected together. If the touch 
current exceeds the limit in 5.2.2.2, the touch current shall be measured individually. 

5.7.4 Earthed accessible conductive parts 

At least one earthed accessible conductive part shall be tested for touch current following 
supply connection faults in accordance with 6.1 and 6.2.2 of IEC 60990:1999, except 6.2.2.7. 
Except as permitted in 5.7.6, the touch current shall not exceed the ES2 limits in 5.2.2.2. 

Subclause 6.2.2.2 of IEC 60990:1999 does not apply to equipment with a switch or other 
disconnect device that disconnects all poles of the supply. 

NOTE An appliance coupler is an example of a disconnect device. 

5.7.5 Protective conductor current 

The protective conductor current shall not exceed the ES2 limits in 5.2.2.2, unless all of the 
following conditions are met: 

– the current shall not exceed 5 % of the input current measured under normal operating 
conditions; 

– the construction of the protective conductor circuit and its connections shall have: 

¶ a protective earthing conductor serving as a reinforced safeguard or two 
independent protective earthing conductors serving as double safeguard as 
specified in 5.6.3, and 

¶ a reliable earthing as specified in 5.6.7. 

If the protective conductor current exceeds the ES2 limits of 5.2.2.2, then an instructional 
safeguard shall be provided in accordance with Clause F.5, except that element 3 is optional. 

The elements of the instructional safeguard shall be as follows: 

– element 1a:     , IEC 60417-6042 (2010-11) and  

 , IEC 60417-6173 (2012-10) and  

 , IEC 60417-5019 (2006-08) 

– element 2: “Caution” or equivalent word or text, and “High touch current” or equivalent text 

– element 3:  optional 

– element 4:  “Connect to earth before connecting to supply” or equivalent text 

The instructional safeguard shall be affixed to the equipment adjacent to the equipment 
supply connection. 
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NOTE In Denmark the installation instruction shall be affixed to the equipment if the protective conductor 
current exceeds the limits of 3,5 mA a.c. or 10 mA d.c. 

5.7.6 Prospective touch voltage and touch current due to external circuits 

5.7.6.1 Touch current from coaxial cables 

For external circuits connected to a coaxial cable, the manufacturer shall provide 
instructions to connect the shield of the coaxial cable to building earth in accordance with 
6.2 g) and 6.2 l) of IEC 60728-11:2005. 

NOTE 1 In Norway and Sweden, the screen of the television distribution system is normally not earthed at the 
entrance of the building and there is normally no equipotential bonding system within the building. Therefore the 
protective earthing of the building installation needs to be isolated from the screen of a cable distribution system.  

It is however accepted to provide the insulation external to the equipment by an adapter or an interconnection 
cable with galvanic isolator, which may be provided by a retailer, for example. 

The user manual shall then have the following or similar information in Norwegian and Swedish language 
respectively, depending on in what country the equipment is intended to be used in: 

“Apparatus connected to the protective earthing of the building installation through the mains connection or through 
other apparatus with a connection to protective earthing – and to a television distribution system using coaxial 
cable, may in some circumstances create a fire hazard. Connection to a television distribution system therefore has 
to be provided through a device providing electrical isolation below a certain frequency range (galvanic isolator, 
see EN 60728-11)”  

NOTE 2 In Norway, due to regulation for CATV-installations, and in Sweden, a galvanic isolator shall provide 
electrical insulation below 5 MHz. The insulation shall withstand a dielectric strength of 1,5 kV r.m.s., 50 Hz or 
60 Hz, for 1 minute. 

Translation to Norwegian (the Swedish text will also be accepted in Norway):  

“Apparater som er koplet til beskyttelsesjord via nettplugg og/eller via annet jordtilkoplet utstyr – og er tilkoplet et 
koaksialbasert kabel-TV nett, kan forårsake brannfare.  For å unngå dette skal det ved tilkopling av apparater til 
kabel-TV nett installeres en galvanisk isolator mellom apparatet og kabel-TV nettet.”  

Translation to Swedish:  

”Apparater som är kopplad till skyddsjord via jordat vägguttag och/eller via annan utrustning och samtidigt är 
kopplad till kabel-TV nät kan i vissa fall medfőra risk főr brand. Főr att undvika detta skall vid anslutning av 
apparaten till kabel-TV nät galvanisk isolator finnas mellan apparaten och kabel-TV nätet.”. 

5.7.6.2 Prospective touch voltage and touch current from external circuits 

For external circuits ID 1 of Table 14: 

– the prospective touch voltage shall comply with ES2; or 

– the touch current shall not exceed 0,25 mA. 

The above requirements do not apply to external circuits connected to a protective 
earthing conductor. 

Compliance is checked by measurement according 5.7.2 and 5.7.3 by using the measurement 
arrangement in Figure 32 for single-phase equipment and Figure 33 for three-phase 
equipment. 
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NOTE In Denmark the installation instruction shall be affixed to the equipment if the protective conductor 
current exceeds the limits of 3,5 mA a.c. or 10 mA d.c. 

5.7.6 Prospective touch voltage and touch current due to external circuits 

5.7.6.1 Touch current from coaxial cables 

For external circuits connected to a coaxial cable, the manufacturer shall provide 
instructions to connect the shield of the coaxial cable to building earth in accordance with 
6.2 g) and 6.2 l) of IEC 60728-11:2005. 

NOTE 1 In Norway and Sweden, the screen of the television distribution system is normally not earthed at the 
entrance of the building and there is normally no equipotential bonding system within the building. Therefore the 
protective earthing of the building installation needs to be isolated from the screen of a cable distribution system.  

It is however accepted to provide the insulation external to the equipment by an adapter or an interconnection 
cable with galvanic isolator, which may be provided by a retailer, for example. 

The user manual shall then have the following or similar information in Norwegian and Swedish language 
respectively, depending on in what country the equipment is intended to be used in: 

“Apparatus connected to the protective earthing of the building installation through the mains connection or through 
other apparatus with a connection to protective earthing – and to a television distribution system using coaxial 
cable, may in some circumstances create a fire hazard. Connection to a television distribution system therefore has 
to be provided through a device providing electrical isolation below a certain frequency range (galvanic isolator, 
see EN 60728-11)”  

NOTE 2 In Norway, due to regulation for CATV-installations, and in Sweden, a galvanic isolator shall provide 
electrical insulation below 5 MHz. The insulation shall withstand a dielectric strength of 1,5 kV r.m.s., 50 Hz or 
60 Hz, for 1 minute. 

Translation to Norwegian (the Swedish text will also be accepted in Norway):  

“Apparater som er koplet til beskyttelsesjord via nettplugg og/eller via annet jordtilkoplet utstyr – og er tilkoplet et 
koaksialbasert kabel-TV nett, kan forårsake brannfare.  For å unngå dette skal det ved tilkopling av apparater til 
kabel-TV nett installeres en galvanisk isolator mellom apparatet og kabel-TV nettet.”  

Translation to Swedish:  

”Apparater som är kopplad till skyddsjord via jordat vägguttag och/eller via annan utrustning och samtidigt är 
kopplad till kabel-TV nät kan i vissa fall medfőra risk főr brand. Főr att undvika detta skall vid anslutning av 
apparaten till kabel-TV nät galvanisk isolator finnas mellan apparaten och kabel-TV nätet.”. 

5.7.6.2 Prospective touch voltage and touch current from external circuits 

For external circuits ID 1 of Table 14: 

– the prospective touch voltage shall comply with ES2; or 

– the touch current shall not exceed 0,25 mA. 

The above requirements do not apply to external circuits connected to a protective 
earthing conductor. 

Compliance is checked by measurement according 5.7.2 and 5.7.3 by using the measurement 
arrangement in Figure 32 for single-phase equipment and Figure 33 for three-phase 
equipment. 
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NOTE In Denmark the installation instruction shall be affixed to the equipment if the protective conductor 
current exceeds the limits of 3,5 mA a.c. or 10 mA d.c. 

5.7.6 Prospective touch voltage and touch current due to external circuits 

5.7.6.1 Touch current from coaxial cables 

For external circuits connected to a coaxial cable, the manufacturer shall provide 
instructions to connect the shield of the coaxial cable to building earth in accordance with 
6.2 g) and 6.2 l) of IEC 60728-11:2005. 

NOTE 1 In Norway and Sweden, the screen of the television distribution system is normally not earthed at the 
entrance of the building and there is normally no equipotential bonding system within the building. Therefore the 
protective earthing of the building installation needs to be isolated from the screen of a cable distribution system.  

It is however accepted to provide the insulation external to the equipment by an adapter or an interconnection 
cable with galvanic isolator, which may be provided by a retailer, for example. 

The user manual shall then have the following or similar information in Norwegian and Swedish language 
respectively, depending on in what country the equipment is intended to be used in: 

“Apparatus connected to the protective earthing of the building installation through the mains connection or through 
other apparatus with a connection to protective earthing – and to a television distribution system using coaxial 
cable, may in some circumstances create a fire hazard. Connection to a television distribution system therefore has 
to be provided through a device providing electrical isolation below a certain frequency range (galvanic isolator, 
see EN 60728-11)”  

NOTE 2 In Norway, due to regulation for CATV-installations, and in Sweden, a galvanic isolator shall provide 
electrical insulation below 5 MHz. The insulation shall withstand a dielectric strength of 1,5 kV r.m.s., 50 Hz or 
60 Hz, for 1 minute. 

Translation to Norwegian (the Swedish text will also be accepted in Norway):  

“Apparater som er koplet til beskyttelsesjord via nettplugg og/eller via annet jordtilkoplet utstyr – og er tilkoplet et 
koaksialbasert kabel-TV nett, kan forårsake brannfare.  For å unngå dette skal det ved tilkopling av apparater til 
kabel-TV nett installeres en galvanisk isolator mellom apparatet og kabel-TV nettet.”  

Translation to Swedish:  

”Apparater som är kopplad till skyddsjord via jordat vägguttag och/eller via annan utrustning och samtidigt är 
kopplad till kabel-TV nät kan i vissa fall medfőra risk főr brand. Főr att undvika detta skall vid anslutning av 
apparaten till kabel-TV nät galvanisk isolator finnas mellan apparaten och kabel-TV nätet.”. 

5.7.6.2 Prospective touch voltage and touch current from external circuits 

For external circuits ID 1 of Table 14: 

– the prospective touch voltage shall comply with ES2; or 

– the touch current shall not exceed 0,25 mA. 

The above requirements do not apply to external circuits connected to a protective 
earthing conductor. 

Compliance is checked by measurement according 5.7.2 and 5.7.3 by using the measurement 
arrangement in Figure 32 for single-phase equipment and Figure 33 for three-phase 
equipment. 
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Systems of interconnected equipment with one connection to the mains shall be tested as a 
single equipment. 

NOTE Systems of interconnected equipment are specified in more detail in Annex A of IEC 60990:1999. 

Equipment that is designed for multiple connections to the mains, where only one connection 
is required at a time, shall have each connection tested while the other connections are 
disconnected. 

Equipment that is designed for multiple connections to the mains, where more than one 
connection is required, shall have each connection tested while the other connections are 
connected, with the protective earthing conductors connected together. If the touch 
current exceeds the limit in 5.2.2.2, the touch current shall be measured individually. 

5.7.4 Earthed accessible conductive parts 

At least one earthed accessible conductive part shall be tested for touch current following 
supply connection faults in accordance with 6.1 and 6.2.2 of IEC 60990:1999, except 6.2.2.7. 
Except as permitted in 5.7.6, the touch current shall not exceed the ES2 limits in 5.2.2.2. 

Subclause 6.2.2.2 of IEC 60990:1999 does not apply to equipment with a switch or other 
disconnect device that disconnects all poles of the supply. 

NOTE An appliance coupler is an example of a disconnect device. 

5.7.5 Protective conductor current 

The protective conductor current shall not exceed the ES2 limits in 5.2.2.2, unless all of the 
following conditions are met: 

– the current shall not exceed 5 % of the input current measured under normal operating 
conditions; 

– the construction of the protective conductor circuit and its connections shall have: 

¶ a protective earthing conductor serving as a reinforced safeguard or two 
independent protective earthing conductors serving as double safeguard as 
specified in 5.6.3, and 

¶ a reliable earthing as specified in 5.6.7. 

If the protective conductor current exceeds the ES2 limits of 5.2.2.2, then an instructional 
safeguard shall be provided in accordance with Clause F.5, except that element 3 is optional. 

The elements of the instructional safeguard shall be as follows: 

– element 1a:     , IEC 60417-6042 (2010-11) and  

 , IEC 60417-6173 (2012-10) and  

 , IEC 60417-5019 (2006-08) 

– element 2: “Caution” or equivalent word or text, and “High touch current” or equivalent text 

– element 3:  optional 

– element 4:  “Connect to earth before connecting to supply” or equivalent text 

The instructional safeguard shall be affixed to the equipment adjacent to the equipment 
supply connection. 
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NOTE In Denmark the installation instruction shall be affixed to the equipment if the protective conductor 
current exceeds the limits of 3,5 mA a.c. or 10 mA d.c. 

5.7.6 Prospective touch voltage and touch current due to external circuits 

5.7.6.1 Touch current from coaxial cables 

For external circuits connected to a coaxial cable, the manufacturer shall provide 
instructions to connect the shield of the coaxial cable to building earth in accordance with 
6.2 g) and 6.2 l) of IEC 60728-11:2005. 

NOTE 1 In Norway and Sweden, the screen of the television distribution system is normally not earthed at the 
entrance of the building and there is normally no equipotential bonding system within the building. Therefore the 
protective earthing of the building installation needs to be isolated from the screen of a cable distribution system.  

It is however accepted to provide the insulation external to the equipment by an adapter or an interconnection 
cable with galvanic isolator, which may be provided by a retailer, for example. 

The user manual shall then have the following or similar information in Norwegian and Swedish language 
respectively, depending on in what country the equipment is intended to be used in: 

“Apparatus connected to the protective earthing of the building installation through the mains connection or through 
other apparatus with a connection to protective earthing – and to a television distribution system using coaxial 
cable, may in some circumstances create a fire hazard. Connection to a television distribution system therefore has 
to be provided through a device providing electrical isolation below a certain frequency range (galvanic isolator, 
see EN 60728-11)”  

NOTE 2 In Norway, due to regulation for CATV-installations, and in Sweden, a galvanic isolator shall provide 
electrical insulation below 5 MHz. The insulation shall withstand a dielectric strength of 1,5 kV r.m.s., 50 Hz or 
60 Hz, for 1 minute. 

Translation to Norwegian (the Swedish text will also be accepted in Norway):  

“Apparater som er koplet til beskyttelsesjord via nettplugg og/eller via annet jordtilkoplet utstyr – og er tilkoplet et 
koaksialbasert kabel-TV nett, kan forårsake brannfare.  For å unngå dette skal det ved tilkopling av apparater til 
kabel-TV nett installeres en galvanisk isolator mellom apparatet og kabel-TV nettet.”  

Translation to Swedish:  

”Apparater som är kopplad till skyddsjord via jordat vägguttag och/eller via annan utrustning och samtidigt är 
kopplad till kabel-TV nät kan i vissa fall medfőra risk főr brand. Főr att undvika detta skall vid anslutning av 
apparaten till kabel-TV nät galvanisk isolator finnas mellan apparaten och kabel-TV nätet.”. 

5.7.6.2 Prospective touch voltage and touch current from external circuits 

For external circuits ID 1 of Table 14: 

– the prospective touch voltage shall comply with ES2; or 

– the touch current shall not exceed 0,25 mA. 

The above requirements do not apply to external circuits connected to a protective 
earthing conductor. 

Compliance is checked by measurement according 5.7.2 and 5.7.3 by using the measurement 
arrangement in Figure 32 for single-phase equipment and Figure 33 for three-phase 
equipment. 
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NOTE In Denmark the installation instruction shall be affixed to the equipment if the protective conductor 
current exceeds the limits of 3,5 mA a.c. or 10 mA d.c. 

5.7.6 Prospective touch voltage and touch current due to external circuits 

5.7.6.1 Touch current from coaxial cables 

For external circuits connected to a coaxial cable, the manufacturer shall provide 
instructions to connect the shield of the coaxial cable to building earth in accordance with 
6.2 g) and 6.2 l) of IEC 60728-11:2005. 

NOTE 1 In Norway and Sweden, the screen of the television distribution system is normally not earthed at the 
entrance of the building and there is normally no equipotential bonding system within the building. Therefore the 
protective earthing of the building installation needs to be isolated from the screen of a cable distribution system.  

It is however accepted to provide the insulation external to the equipment by an adapter or an interconnection 
cable with galvanic isolator, which may be provided by a retailer, for example. 

The user manual shall then have the following or similar information in Norwegian and Swedish language 
respectively, depending on in what country the equipment is intended to be used in: 

“Apparatus connected to the protective earthing of the building installation through the mains connection or through 
other apparatus with a connection to protective earthing – and to a television distribution system using coaxial 
cable, may in some circumstances create a fire hazard. Connection to a television distribution system therefore has 
to be provided through a device providing electrical isolation below a certain frequency range (galvanic isolator, 
see EN 60728-11)”  

NOTE 2 In Norway, due to regulation for CATV-installations, and in Sweden, a galvanic isolator shall provide 
electrical insulation below 5 MHz. The insulation shall withstand a dielectric strength of 1,5 kV r.m.s., 50 Hz or 
60 Hz, for 1 minute. 

Translation to Norwegian (the Swedish text will also be accepted in Norway):  

“Apparater som er koplet til beskyttelsesjord via nettplugg og/eller via annet jordtilkoplet utstyr – og er tilkoplet et 
koaksialbasert kabel-TV nett, kan forårsake brannfare.  For å unngå dette skal det ved tilkopling av apparater til 
kabel-TV nett installeres en galvanisk isolator mellom apparatet og kabel-TV nettet.”  

Translation to Swedish:  

”Apparater som är kopplad till skyddsjord via jordat vägguttag och/eller via annan utrustning och samtidigt är 
kopplad till kabel-TV nät kan i vissa fall medfőra risk főr brand. Főr att undvika detta skall vid anslutning av 
apparaten till kabel-TV nät galvanisk isolator finnas mellan apparaten och kabel-TV nätet.”. 

5.7.6.2 Prospective touch voltage and touch current from external circuits 

For external circuits ID 1 of Table 14: 

– the prospective touch voltage shall comply with ES2; or 

– the touch current shall not exceed 0,25 mA. 

The above requirements do not apply to external circuits connected to a protective 
earthing conductor. 

Compliance is checked by measurement according 5.7.2 and 5.7.3 by using the measurement 
arrangement in Figure 32 for single-phase equipment and Figure 33 for three-phase 
equipment. 
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NOTE In Denmark the installation instruction shall be affixed to the equipment if the protective conductor 
current exceeds the limits of 3,5 mA a.c. or 10 mA d.c. 

5.7.6 Prospective touch voltage and touch current due to external circuits 

5.7.6.1 Touch current from coaxial cables 

For external circuits connected to a coaxial cable, the manufacturer shall provide 
instructions to connect the shield of the coaxial cable to building earth in accordance with 
6.2 g) and 6.2 l) of IEC 60728-11:2005. 

NOTE 1 In Norway and Sweden, the screen of the television distribution system is normally not earthed at the 
entrance of the building and there is normally no equipotential bonding system within the building. Therefore the 
protective earthing of the building installation needs to be isolated from the screen of a cable distribution system.  

It is however accepted to provide the insulation external to the equipment by an adapter or an interconnection 
cable with galvanic isolator, which may be provided by a retailer, for example. 

The user manual shall then have the following or similar information in Norwegian and Swedish language 
respectively, depending on in what country the equipment is intended to be used in: 

“Apparatus connected to the protective earthing of the building installation through the mains connection or through 
other apparatus with a connection to protective earthing – and to a television distribution system using coaxial 
cable, may in some circumstances create a fire hazard. Connection to a television distribution system therefore has 
to be provided through a device providing electrical isolation below a certain frequency range (galvanic isolator, 
see EN 60728-11)”  

NOTE 2 In Norway, due to regulation for CATV-installations, and in Sweden, a galvanic isolator shall provide 
electrical insulation below 5 MHz. The insulation shall withstand a dielectric strength of 1,5 kV r.m.s., 50 Hz or 
60 Hz, for 1 minute. 

Translation to Norwegian (the Swedish text will also be accepted in Norway):  

“Apparater som er koplet til beskyttelsesjord via nettplugg og/eller via annet jordtilkoplet utstyr – og er tilkoplet et 
koaksialbasert kabel-TV nett, kan forårsake brannfare.  For å unngå dette skal det ved tilkopling av apparater til 
kabel-TV nett installeres en galvanisk isolator mellom apparatet og kabel-TV nettet.”  

Translation to Swedish:  

”Apparater som är kopplad till skyddsjord via jordat vägguttag och/eller via annan utrustning och samtidigt är 
kopplad till kabel-TV nät kan i vissa fall medfőra risk főr brand. Főr att undvika detta skall vid anslutning av 
apparaten till kabel-TV nät galvanisk isolator finnas mellan apparaten och kabel-TV nätet.”. 

5.7.6.2 Prospective touch voltage and touch current from external circuits 

For external circuits ID 1 of Table 14: 

– the prospective touch voltage shall comply with ES2; or 

– the touch current shall not exceed 0,25 mA. 

The above requirements do not apply to external circuits connected to a protective 
earthing conductor. 

Compliance is checked by measurement according 5.7.2 and 5.7.3 by using the measurement 
arrangement in Figure 32 for single-phase equipment and Figure 33 for three-phase 
equipment. 
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T 

p1 

L1 

N 

PE e 

B A s 

p2 

L2 

L3 

L1 

L2 

L3 

N 

PE 

(Polarity) 

(Polarity) 

Point of connection 
to AC mains supply 

External circuit 
ports 
 

(Earthing 
conductor) 

Measuring 
network 

Optional test 
transformer 
for isolation 

(Test switch) 

EUT 

IEC   0356/14  

Figure 33 – Test circuit for touch current of three-phase equipment 

5.7.7 Summation of touch currents from external circuits 

The requirements below specify when a permanently connected protective earthing 
conductor is required for pluggable equipment type A or pluggable equipment type B, 
should the mains connection be disconnected. 
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Figure 33 – Test circuit for touch current of three-phase equipment 

5.7.7 Summation of touch currents from external circuits 

The requirements below specify when a permanently connected protective earthing 
conductor is required for pluggable equipment type A or pluggable equipment type B, 
should the mains connection be disconnected. 
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5.7.7 Summation of touch currents from external circuits 

The requirements below specify when a permanently connected protective earthing 
conductor is required for pluggable equipment type A or pluggable equipment type B, 
should the mains connection be disconnected. 
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Figure 33 – Test circuit for touch current of three-phase equipment 

5.7.7 Summation of touch currents from external circuits 

The requirements below specify when a permanently connected protective earthing 
conductor is required for pluggable equipment type A or pluggable equipment type B, 
should the mains connection be disconnected. 
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The requirements apply only to equipment with external circuits such as described in 
Table 14, ID numbers 1, 2, 3 and 4. 

NOTE These types of external circuits are typically telecommunication networks. 

The summation of touch currents from equipment that provides multiple external circuits, 
shall not exceed the limits for ES2 (see Table 4). 

The following abbreviations are used: 

– I1: touch current received from other equipment via a network at an external circuit of 
the equipment; 

– S(I1): summation of touch current received from other equipment at all such external 
circuit of the equipment; 

– I2: touch current due to the mains of the equipment. 

It shall be assumed that each external circuit receives 0,25 mA (I1) from the other 
equipment, unless the actual current from the other equipment is known to be lower. 

The following requirements, a) or b) as applicable, shall be met: 

a) Equipment with earthed external circuit 
 For equipment in which each external circuit is connected to a terminal for the protective 

earthing conductor of the equipment, the following items 1), and 2) shall be considered: 

1) If S(I1) (not including I2) exceeds ES2 limits of Table 4: 

– the equipment shall have provision for a permanent connection to protective earth 
in addition to the protective earthing conductor in the power supply cord of 
pluggable equipment type A or pluggable equipment type B; and 

– the installation instructions shall specify the provision of a permanent connection to 
protective earth with a cross-sectional area of not less than 2,5 mm2, if 
mechanically protected, or otherwise 4,0 mm2; and 

– provide a marking in accordance with 5.7.5 and Clause F.3. 

2) Such equipment shall comply with 5.7.5. The value of I2 shall be used to calculate the 
5 % input current limit per phase specified in 5.7.5. 

Compliance with item a) is checked by inspection and if necessary by test. 

If the equipment has provision for a permanent protective earth connection in accordance 
with item 1) above, it is not necessary to make any measurements, except that I2 shall 
comply with the relevant requirements of 5.7. 

Touch current tests, if necessary, are made using the relevant measuring instrument 
described in IEC 60990:1999, Figure 5, or any other instrument giving the same results. A 
capacitively coupled a.c. source of the same line frequency and phase as the a.c. mains 
is applied to each external circuit so that 0,25 mA, or the actual current from other 
equipment if known to be lower, is available to flow into that external circuit. The current 
flowing in the earthing conductor is then measured. 

b) Equipment whose external circuit have no reference to protective earth 
 If each external circuit does not have a common connection, the touch current for each 

external circuit shall not exceed ES2 limits of Table 4. 
 If all external circuits or any groups of such ports have a common connection, the total 

touch current from each common connection shall not exceed ES2 limits of Table 4. 

Compliance with item b) is checked by inspection and if there are common connection 
points, by the following test. 
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A capacitively coupled a.c. source of the same frequency and phase as the a.c. mains is 
applied to each external circuit so that 0,25 mA, or the actual current from the other 
equipment if known to be lower, is available to flow into that external circuit. Common 
connection points are tested in accordance with 5.7.3, whether or not the points are 
accessible. 

6 Electrically-caused fire 

6.1 General 

To reduce the likelihood of injury or property damage due to an electrically-caused fire 
originating within the equipment, equipment shall be provided with the safeguards specified 
in Clause 6. 

6.2 Classification of power sources (PS) and potential ignition sources (PIS) 

6.2.1 General 

Electrical sources of heating can be classified into available power levels PS1, PS2 and PS3 
(see 6.2.2.4, 6.2.2.5 and 6.2.2.6) that may cause resistive heating of both components and 
connections. These power sources are based on available energy to a circuit. 

Within a power source, a PIS may arise due to arcing of either broken connections or opening 
of contacts (arcing PIS) or from components dissipating more than 15 W (resistive PIS). 

Depending on the power source classification of each circuit, one or more safeguards are 
required either to reduce the likelihood of ignition or to reduce the likelihood of spread of fire 
beyond the equipment. 

6.2.2 Power source circuit classifications 

6.2.2.1 General 

An electric circuit is classified PS1, PS2, or PS3 based on the electrical power available to the 
circuit from the power source. 

The electrical power source classification shall be determined by measuring the maximum 
power under each of the following conditions: 

– for load circuits: a power source under normal operating conditions as specified by the 
manufacturer into a worst-case fault (see 6.2.2.2); 

– for power source circuits: a worst-case power source fault into the specified normal load 
circuit (see 6.2.2.3). 

The power is measured at points X and Y in Figure 34 and Figure 35. 

6.2.2.2 Power measurement for worst-case fault 

With reference to Figure 34: 

- the measurement may be performed without the load circuit LNL connected, unless the 
maximum power is dependent on the connection of the load; 

- at points X and Y, insert a wattmeter (or a voltmeter, VA, and a current meter, IA); 

- connect a variable resistor, LVR as shown; 

- adjust the variable resistor, LVR, for maximum power. Measure the maximum power and 
classify the power source according to 6.2.2.4, 6.2.2.5 or 6.2.2.6. 
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A capacitively coupled a.c. source of the same frequency and phase as the a.c. mains is 
applied to each external circuit so that 0,25 mA, or the actual current from the other 
equipment if known to be lower, is available to flow into that external circuit. Common 
connection points are tested in accordance with 5.7.3, whether or not the points are 
accessible. 

6 Electrically-caused fire 

6.1 General 

To reduce the likelihood of injury or property damage due to an electrically-caused fire 
originating within the equipment, equipment shall be provided with the safeguards specified 
in Clause 6. 

6.2 Classification of power sources (PS) and potential ignition sources (PIS) 

6.2.1 General 

Electrical sources of heating can be classified into available power levels PS1, PS2 and PS3 
(see 6.2.2.4, 6.2.2.5 and 6.2.2.6) that may cause resistive heating of both components and 
connections. These power sources are based on available energy to a circuit. 

Within a power source, a PIS may arise due to arcing of either broken connections or opening 
of contacts (arcing PIS) or from components dissipating more than 15 W (resistive PIS). 

Depending on the power source classification of each circuit, one or more safeguards are 
required either to reduce the likelihood of ignition or to reduce the likelihood of spread of fire 
beyond the equipment. 

6.2.2 Power source circuit classifications 

6.2.2.1 General 

An electric circuit is classified PS1, PS2, or PS3 based on the electrical power available to the 
circuit from the power source. 

The electrical power source classification shall be determined by measuring the maximum 
power under each of the following conditions: 

– for load circuits: a power source under normal operating conditions as specified by the 
manufacturer into a worst-case fault (see 6.2.2.2); 

– for power source circuits: a worst-case power source fault into the specified normal load 
circuit (see 6.2.2.3). 

The power is measured at points X and Y in Figure 34 and Figure 35. 

6.2.2.2 Power measurement for worst-case fault 

With reference to Figure 34: 

- the measurement may be performed without the load circuit LNL connected, unless the 
maximum power is dependent on the connection of the load; 

- at points X and Y, insert a wattmeter (or a voltmeter, VA, and a current meter, IA); 

- connect a variable resistor, LVR as shown; 

- adjust the variable resistor, LVR, for maximum power. Measure the maximum power and 
classify the power source according to 6.2.2.4, 6.2.2.5 or 6.2.2.6. 
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A capacitively coupled a.c. source of the same frequency and phase as the a.c. mains is 
applied to each external circuit so that 0,25 mA, or the actual current from the other 
equipment if known to be lower, is available to flow into that external circuit. Common 
connection points are tested in accordance with 5.7.3, whether or not the points are 
accessible. 

6 Electrically-caused fire 

6.1 General 

To reduce the likelihood of injury or property damage due to an electrically-caused fire 
originating within the equipment, equipment shall be provided with the safeguards specified 
in Clause 6. 

6.2 Classification of power sources (PS) and potential ignition sources (PIS) 

6.2.1 General 

Electrical sources of heating can be classified into available power levels PS1, PS2 and PS3 
(see 6.2.2.4, 6.2.2.5 and 6.2.2.6) that may cause resistive heating of both components and 
connections. These power sources are based on available energy to a circuit. 

Within a power source, a PIS may arise due to arcing of either broken connections or opening 
of contacts (arcing PIS) or from components dissipating more than 15 W (resistive PIS). 

Depending on the power source classification of each circuit, one or more safeguards are 
required either to reduce the likelihood of ignition or to reduce the likelihood of spread of fire 
beyond the equipment. 

6.2.2 Power source circuit classifications 

6.2.2.1 General 

An electric circuit is classified PS1, PS2, or PS3 based on the electrical power available to the 
circuit from the power source. 

The electrical power source classification shall be determined by measuring the maximum 
power under each of the following conditions: 

– for load circuits: a power source under normal operating conditions as specified by the 
manufacturer into a worst-case fault (see 6.2.2.2); 

– for power source circuits: a worst-case power source fault into the specified normal load 
circuit (see 6.2.2.3). 

The power is measured at points X and Y in Figure 34 and Figure 35. 

6.2.2.2 Power measurement for worst-case fault 

With reference to Figure 34: 

- the measurement may be performed without the load circuit LNL connected, unless the 
maximum power is dependent on the connection of the load; 

- at points X and Y, insert a wattmeter (or a voltmeter, VA, and a current meter, IA); 

- connect a variable resistor, LVR as shown; 

- adjust the variable resistor, LVR, for maximum power. Measure the maximum power and 
classify the power source according to 6.2.2.4, 6.2.2.5 or 6.2.2.6. 
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A capacitively coupled a.c. source of the same frequency and phase as the a.c. mains is 
applied to each external circuit so that 0,25 mA, or the actual current from the other 
equipment if known to be lower, is available to flow into that external circuit. Common 
connection points are tested in accordance with 5.7.3, whether or not the points are 
accessible. 

6 Electrically-caused fire 

6.1 General 

To reduce the likelihood of injury or property damage due to an electrically-caused fire 
originating within the equipment, equipment shall be provided with the safeguards specified 
in Clause 6. 

6.2 Classification of power sources (PS) and potential ignition sources (PIS) 

6.2.1 General 

Electrical sources of heating can be classified into available power levels PS1, PS2 and PS3 
(see 6.2.2.4, 6.2.2.5 and 6.2.2.6) that may cause resistive heating of both components and 
connections. These power sources are based on available energy to a circuit. 

Within a power source, a PIS may arise due to arcing of either broken connections or opening 
of contacts (arcing PIS) or from components dissipating more than 15 W (resistive PIS). 

Depending on the power source classification of each circuit, one or more safeguards are 
required either to reduce the likelihood of ignition or to reduce the likelihood of spread of fire 
beyond the equipment. 

6.2.2 Power source circuit classifications 

6.2.2.1 General 

An electric circuit is classified PS1, PS2, or PS3 based on the electrical power available to the 
circuit from the power source. 

The electrical power source classification shall be determined by measuring the maximum 
power under each of the following conditions: 

– for load circuits: a power source under normal operating conditions as specified by the 
manufacturer into a worst-case fault (see 6.2.2.2); 

– for power source circuits: a worst-case power source fault into the specified normal load 
circuit (see 6.2.2.3). 

The power is measured at points X and Y in Figure 34 and Figure 35. 

6.2.2.2 Power measurement for worst-case fault 

With reference to Figure 34: 

- the measurement may be performed without the load circuit LNL connected, unless the 
maximum power is dependent on the connection of the load; 

- at points X and Y, insert a wattmeter (or a voltmeter, VA, and a current meter, IA); 

- connect a variable resistor, LVR as shown; 

- adjust the variable resistor, LVR, for maximum power. Measure the maximum power and 
classify the power source according to 6.2.2.4, 6.2.2.5 or 6.2.2.6. 
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If an overcurrent protective device operates during the test, the measurement shall be 
repeated at 125 % of the current rating of the overcurrent protective device.  

If a power limiting circuit operates during the test, the measurement shall be repeated at a 
point just below the current at which the power limiting circuit operated. 

When evaluating accessories connected via cables to the equipment, the impedance of the 
cable may be taken into account in the determination of PS1 or PS2 on the accessory side. 
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Figure 34 – Power measurement for worst-case fault 

6.2.2.3 Power measurement for worst-case power source fault 

With reference to Figure 35: 

- At points X and Y, insert a wattmeter (or a voltmeter, VA, and a current meter, IA). 

- Within the power source circuit, simulate any single fault condition that will result in 
maximum power to the circuit being classified. All relevant components in the power source 
circuits shall be short-circuited or disconnected one at a time at each measurement. 

- Measure the maximum power as specified and classify circuits supplied by the power 
source according to 6.2.2.4, 6.2.2.5 or 6.2.2.6. 

If an overcurrent protective device operates during the test, the measurement shall be 
repeated at 125 % of the current rating of the overcurrent protective device.  
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If a power limiting circuit operates during the test, the measurement shall be repeated at a 
point just below the current at which the power limiting circuit operated.  

When the tests are repeated, a variable resistance may be used to simulate the component 
under fault. 

To avoid damage to the components of the normal load, a resistor (equal to the normal load) 
may be substituted for the normal load. 

NOTE Experimentation can be necessary to identify the single component fault that produces maximum power. 
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6.2.2.6 PS3 

PS3 is a circuit whose power source exceeds PS2 limits, or any circuit whose power source 
has not been classified (see Figure 36). 

 

Figure 36 – Illustration of power source classification 

6.2.3 Classification of potential ignition sources 

6.2.3.1 Arcing PIS 

Determination of an arcing PIS is performed under normal operating conditions unless 
otherwise specified. 

An arcing PIS is a location with the following characteristics: 

– an open circuit voltage (measured after 3 s) across an open conductor or opening 
electrical contact exceeding 50 V (peak) a.c. or d.c.; and 

– the product of the peak of the open circuit voltage (Vp) and the measured r.m.s. current 
(Irms) exceeds 15 (that is, Vp ³ Irms > 15) for any of the following: 

¶ a contact, such as a switch or connector; 

¶ a termination, such as one made by a crimp, spring or solder termination; 

¶ opening of a conductor, such as a printed wiring board trace, as a consequence of a 
single fault condition. This condition does not apply if electronic protection circuits or 
additional constructional measures are used to reduce the likelihood that such a fault 
becomes an arcing PIS. 

An arcing PIS is considered not to exist in a PS1 because of the limits of the power source. 

NOTE 1 An open conductor in an electric circuit includes those interruptions that occur in conductive patterns on 
printed boards. 

Reliable or redundant connections are not considered to be an arcing PIS. 
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Redundant connections are any kind of two or more connections in parallel, where in the 
event of the failure of one connection, the remaining connections are still capable of handling 
the full power. 

Reliable connections are connections that are considered not to open. 

NOTE 2 Examples of connections that could be considered reliable are: 

– holes of solder pads on a printed board that are through-metallized; 

– tubular rivets/eyelets that are additionally soldered; 

– machine-made or tool-made crimp or wire-wrap connections. 

NOTE 3 Other means to avoid the occurrence of an arcing PIS can be used. 

NOTE 4 Connection failure due to thermal fatigue phenomena could be prevented by selection of components 
with a coefficient of thermal expansion similar to that of the printed board material, taking into account the location 
of the component with respect to the fibre direction of the board material. 

6.2.3.2 Resistive PIS 

Determination of a resistive PIS is performed under normal operating conditions unless 
otherwise specified. 

A resistive PIS is any part in a PS2 or PS3 circuit that: 

– dissipates more than 15 W measured after 30 s of normal operation; or 

NOTE During the first 30 s there is no limit. 

– under single fault conditions: 

¶ has a power exceeding 100 W measured during the 30 s immediately after the 
introduction of the fault if electronic circuits, regulators or PTC devices are used, or 

¶ has an available power exceeding 15 W measured 30 s after the introduction of the 
fault. 

A resistive PIS is considered not to exist in a PS1 because of the limits of the power source. 

6.3 Safeguards against fire under normal operating conditions and abnormal 
operating conditions 

6.3.1 Requirements 

Under normal operating conditions and abnormal operating conditions, the following 
basic safeguards are required: 

– ignition shall not occur; and 

– no part of the equipment shall attain a temperature value greater than 90 % of the 
spontaneous ignition temperature limit, in Celsius, of the part as defined by ISO 871. 
When the spontaneous ignition temperature of the material is not known, the temperature 
shall be limited to 300 °C; and 

NOTE This standard currently does not contain requirements for flammable liquids and dust. 

– combustible materials for components and other parts outside fire enclosures 
(including electrical enclosures, mechanical enclosures and decorative parts), shall 
have a material flammability class of at least: 

¶ HB75 if the thinnest significant thickness of this material is < 3 mm, or 

¶ HB40 if the thinnest significant thickness of this material is ² 3 mm, or 

¶ HBF. 

These requirements do not apply to: 
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– parts with a size of less than 1 750 mm3; 

– supplies, consumable materials, media and recording materials; 

– parts that are required to have particular properties in order to perform intended functions, 
such as synthetic rubber rollers and ink tubes; 

– gears, cams, belts, bearings and other parts that would contribute negligible fuel to a fire, 
including, labels, mounting feet, key caps, knobs and the like. 

6.3.2 Compliance criteria 

Compliance is checked by inspection of the data sheets and by test under normal operating 
conditions according to Clause B.2 and under abnormal operating conditions according to 
Clause B.3. The temperatures of materials are measured continuously until thermal 
equilibrium has been attained. 

NOTE See B.1.6 for details on thermal equilibrium. 

Temperature limiting basic safeguards that comply with the applicable requirements of this 
standard or the applicable safety device standard shall remain in the circuit being evaluated. 

6.4 Safeguards against fire under single fault conditions 

6.4.1 General 

This subclause defines the possible safeguard methods that can be used to reduce the 
likelihood of ignition or spread of fire under single fault conditions. 

There are two methods of providing protection. Either method may be applied to different 
circuits of the same equipment under the following conditions: 

– Reduce the likelihood of ignition: Equipment is so designed that under single fault 
conditions no part shall have sustained flaming. This method can be used for any circuit 
in which the available steady state power to the circuit does not exceed 4 000 W. The 
appropriate requirements and tests are detailed in 6.4.2 and 6.4.3. 

• Pluggable equipment type A is considered not to exceed the steady state value of 
4 000 W. 

• Pluggable equipment type B and permanently connected equipment are 
considered not to exceed the steady state value of 4 000 W if the product of the 
nominal mains voltage and the protective current rating of the installation 
overcurrent protective device (Vmains × Imax) does not exceed 4 000 W. 

– Control fire spread: Selection and application of supplementary safeguards for 
components, wiring, materials and constructional measures that reduce the spread of fire 
and, where necessary, by the use of a second supplementary safeguard such as a fire 
enclosure. This method can be used for any type of equipment. The appropriate 
requirements are detailed in 6.4.4, 6.4.5 and 6.4.6. 

6.4.2 Reduction of the likelihood of ignition under single fault conditions in PS1 
circuits 

No supplementary safeguards are needed for protection against PS1. A PS1 is not 
considered to contain enough energy to result in materials reaching ignition temperatures. 

6.4.3 Reduction of the likelihood of ignition under single fault conditions in PS2 
circuits and PS3 circuits 

6.4.3.1 General 

Requirements for supplementary safeguards needed to reduce the likelihood of ignition 
under single fault conditions in PS2 circuits and PS3 circuits where the available power 
does not exceed 4 000 W (see 6.4.1) are specified in 6.4.3.2. 
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6.4.3.2 Requirements 

The likelihood of ignition can be reduced by using the following supplementary safeguards 
as applicable: 

– providing separation from an arcing PIS or a resistive PIS as specified in 6.4.7; 

– using protective devices that comply with G.3.1 to G.3.4 or the relevant IEC component 
standards for such devices; 

– using components that comply with G.5.3, G.5.4 or the relevant IEC component standard; 

– for components associated with the mains, using components that comply with the 
relevant IEC component standards and requirements of other parts of this standard. 

NOTE Examples of components associated with the mains are the supply cord, appliance couplers, EMC filtering 
components, switches, etc. 

The opening of a conductor on a printed board, except as specified below, shall not be used 
as a safeguard. 

Conductors of a printed board of V-1 class material may open under overload condition 
provided that the open circuit is not an arcing PIS. Conductors on a printed board material 
that has no material flammability class or is classed lower than V-1 class material shall not 
open. 

Under a single fault condition, the peeling of conductors on a printed board shall not result 
in the failure of any supplementary safeguard or reinforced safeguard. 

6.4.3.3 Test method 

The conditions of Clause B.4, that are possible causes for ignition, are applied in turn. A 
consequential fault may either interrupt or short-circuit a component. In case of doubt, the test 
shall be repeated two more times with replacement components in order to check that 
sustained flaming does not occur. 

The equipment is operated under single fault conditions and the temperatures of materials 
are measured continuously until thermal equilibrium has been attained. 

If a conductor opens during a simulated single fault condition, the conductor shall be 
bridged and the simulated single fault condition shall be continued. In all other cases, where 
an applied single fault condition results in interruption of the current before steady state has 
been reached, the temperatures are measured immediately after the interruption. 

NOTE 1 See B.1.6 for details on thermal equilibrium. 

Spontaneous ignition temperatures of surrounding materials of the heat source shall be taken 
into account.  

NOTE 2 Temperature rise can be observed after interruption of the current due to thermal inertia. 

If the temperature is limited by a fuse, under a single fault condition 

- a fuse complying with the IEC 60127 series shall open within 1 s; or 

- a fuse not complying with the IEC 60127 series shall open within 1 s for three consecutive 
times; or 

- the fuse shall comply with the following test. 

The fuse is short-circuited and the current that would have passed through the fuse under the 
relevant single fault condition is measured. 
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6.4.3.2 Requirements 

The likelihood of ignition can be reduced by using the following supplementary safeguards 
as applicable: 

– providing separation from an arcing PIS or a resistive PIS as specified in 6.4.7; 

– using protective devices that comply with G.3.1 to G.3.4 or the relevant IEC component 
standards for such devices; 

– using components that comply with G.5.3, G.5.4 or the relevant IEC component standard; 

– for components associated with the mains, using components that comply with the 
relevant IEC component standards and requirements of other parts of this standard. 

NOTE Examples of components associated with the mains are the supply cord, appliance couplers, EMC filtering 
components, switches, etc. 

The opening of a conductor on a printed board, except as specified below, shall not be used 
as a safeguard. 

Conductors of a printed board of V-1 class material may open under overload condition 
provided that the open circuit is not an arcing PIS. Conductors on a printed board material 
that has no material flammability class or is classed lower than V-1 class material shall not 
open. 

Under a single fault condition, the peeling of conductors on a printed board shall not result 
in the failure of any supplementary safeguard or reinforced safeguard. 

6.4.3.3 Test method 

The conditions of Clause B.4, that are possible causes for ignition, are applied in turn. A 
consequential fault may either interrupt or short-circuit a component. In case of doubt, the test 
shall be repeated two more times with replacement components in order to check that 
sustained flaming does not occur. 

The equipment is operated under single fault conditions and the temperatures of materials 
are measured continuously until thermal equilibrium has been attained. 

If a conductor opens during a simulated single fault condition, the conductor shall be 
bridged and the simulated single fault condition shall be continued. In all other cases, where 
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NOTE 1 See B.1.6 for details on thermal equilibrium. 
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into account.  
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- a fuse not complying with the IEC 60127 series shall open within 1 s for three consecutive 
times; or 
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The fuse is short-circuited and the current that would have passed through the fuse under the 
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Spontaneous ignition temperatures of surrounding materials of the heat source shall be taken 
into account.  

NOTE 2 Temperature rise can be observed after interruption of the current due to thermal inertia. 

If the temperature is limited by a fuse, under a single fault condition 

- a fuse complying with the IEC 60127 series shall open within 1 s; or 

- a fuse not complying with the IEC 60127 series shall open within 1 s for three consecutive 
times; or 

- the fuse shall comply with the following test. 

The fuse is short-circuited and the current that would have passed through the fuse under the 
relevant single fault condition is measured. 
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- If the fuse current remains less than 2,1 times the current rating of the fuse, the 
temperatures are measured after a steady state has been attained. 

- If the current either immediately reaches 2,1 times the current rating of the fuse or more, or 
reaches this value after a period of time equal to the maximum pre-arcing time for the 
relevant current through the fuse under consideration, both the fuse and the short-circuit 
link are removed after an additional time corresponding to the maximum pre-arcing time of 
the fuse under consideration and the temperatures are measured immediately thereafter. 

If the fuse resistance influences the current of the relevant circuit, the maximum resistance 
value of the fuse shall be taken into account when establishing the value of the current. 

Printed board conductors are tested by applying the relevant single fault conditions 
of B.4.4. 

6.4.3.4 Compliance criteria 

Compliance is checked by inspection, tests and measurements. 

6.4.4 Control of fire spread in PS1 circuits 

No supplementary safeguards are needed for protection against PS1. A PS1 is not 
considered to contain enough energy to result in materials reaching ignition temperatures. 

6.4.5 Control of fire spread in PS2 circuits 

6.4.5.1 General 

For the purposes of reducing the likelihood of fire spread in PS2 circuits to nearby 
combustible materials, circuits that meet the requirements of Annex Q are considered to be 
PS2 circuits. 

6.4.5.2 Requirements 

A supplementary safeguard is required to control the spread of fire from any possible PIS to 
other parts of the equipment as given below. 

For conductors and devices that constitute a PIS the following apply: 

– printed boards shall be made of V-1 class material or VTM-1 class material;  
– wire insulation and tubing shall comply with IEC 60332-1-2, IEC 60332-1-3, IEC 60332-2-2 

or IEC/TS 60695-11-21;  

All other components in a PS2 circuit shall: 

– be mounted on V-1 class material or VTM-1 class material; or 

– be made of V-2 class material, VTM-2 class material or HF-2 class foamed material; or 

– have a mass of combustible material of less than 4 g, provided that when the part is 
ignited, the fire does not spread to another part; or 

– be separated from PIS by the requirements of 6.4.7; or 

– not ignite during single fault conditions as specified in 6.4.3.3; or 

– comply with the requirements of the relevant IEC component standard; or 

– comply with G.5.4 for motors; or 

– comply with G.5.3 for transformers; or 

– be in a sealed enclosure of 0,06 m3 or less, consisting totally of non-combustible 
material and having no ventilation openings. 
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The following materials shall be separated from a PIS according to the requirements of 6.4.7, 
or the materials shall not ignite during single fault conditions as specified in 6.4.3.3: 

– supplies, consumable materials, media and recording materials; 

– parts that are required to have particular properties in order to perform intended functions, 
such as synthetic rubber rollers and ink tubes. 

6.4.5.3 Compliance criteria 

Compliance is checked by testing or by inspection of the equipment and material data sheets. 

6.4.6 Control of fire spread in a PS3 circuit 

Fire spread in PS3 circuits shall be controlled by applying all of the following supplementary 
safeguards:  

– conductors and devices within a PS3 circuit shall meet the requirements of 6.4.5; 

– devices subject to arcing or changing contact resistance (for example, pluggable 
connectors) shall comply with one of the following: 

¶ have materials made of V-1 class material, or 

¶ comply with the flammability requirements of the relevant IEC component standard, or 

¶ be mounted on material made of V-1 class material and be of a volume not exceeding 
1 750 mm3; 

– by providing a fire enclosure as specified in 6.4.8. 

Within the fire enclosure, combustible materials that are not part of a PS2 or PS3 circuit 
shall comply with the flammability test of Clause S.1 or be made of V-2 class material, 
VTM-2 class material or HF-2 class foamed material. These requirements do not apply to: 

– parts with a size of less than 1 750 mm3; 

– supplies, consumable materials, media and recording materials; 

– parts that are required to have particular properties in order to perform intended functions, 
such as synthetic rubber rollers and ink tubes; 

– gears, cams, belts, bearings and other parts that would contribute negligible fuel to a fire, 
including, labels, mounting feet, key caps, knobs and the like; 

– tubing for air or fluid systems, containers for powders or liquids and foamed plastic parts, 
provided that they are of HB75 class material if the thinnest significant thickness of the 
material is < 3 mm, or HB40 class material if the thinnest significant thickness of the 
material is ² 3 mm, or HBF class foamed material. 

A fire enclosure is not necessary for the following components and materials: 

– wire insulation and tubing complying with IEC 60332-1-2, IEC 60332-1-3, IEC 60332-2-2 
or IEC/TS 60695-11-21; 

– components, including connectors, complying with the requirements of 6.4.8.2.1, and that 
fill an opening in a fire enclosure; 

– plugs and connectors forming part of a power supply cord or interconnecting cable 
complying with 6.5, G.4.1 and Clause G.7; 

– motors complying with G.5.4; 

– transformers complying with G.5.3. 

Compliance is checked by inspection of the material data sheets or by test or both. 
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The following materials shall be separated from a PIS according to the requirements of 6.4.7, 
or the materials shall not ignite during single fault conditions as specified in 6.4.3.3: 

– supplies, consumable materials, media and recording materials; 

– parts that are required to have particular properties in order to perform intended functions, 
such as synthetic rubber rollers and ink tubes. 

6.4.5.3 Compliance criteria 

Compliance is checked by testing or by inspection of the equipment and material data sheets. 

6.4.6 Control of fire spread in a PS3 circuit 

Fire spread in PS3 circuits shall be controlled by applying all of the following supplementary 
safeguards:  

– conductors and devices within a PS3 circuit shall meet the requirements of 6.4.5; 

– devices subject to arcing or changing contact resistance (for example, pluggable 
connectors) shall comply with one of the following: 

¶ have materials made of V-1 class material, or 

¶ comply with the flammability requirements of the relevant IEC component standard, or 

¶ be mounted on material made of V-1 class material and be of a volume not exceeding 
1 750 mm3; 

– by providing a fire enclosure as specified in 6.4.8. 

Within the fire enclosure, combustible materials that are not part of a PS2 or PS3 circuit 
shall comply with the flammability test of Clause S.1 or be made of V-2 class material, 
VTM-2 class material or HF-2 class foamed material. These requirements do not apply to: 

– parts with a size of less than 1 750 mm3; 

– supplies, consumable materials, media and recording materials; 

– parts that are required to have particular properties in order to perform intended functions, 
such as synthetic rubber rollers and ink tubes; 

– gears, cams, belts, bearings and other parts that would contribute negligible fuel to a fire, 
including, labels, mounting feet, key caps, knobs and the like; 

– tubing for air or fluid systems, containers for powders or liquids and foamed plastic parts, 
provided that they are of HB75 class material if the thinnest significant thickness of the 
material is < 3 mm, or HB40 class material if the thinnest significant thickness of the 
material is ² 3 mm, or HBF class foamed material. 

A fire enclosure is not necessary for the following components and materials: 

– wire insulation and tubing complying with IEC 60332-1-2, IEC 60332-1-3, IEC 60332-2-2 
or IEC/TS 60695-11-21; 

– components, including connectors, complying with the requirements of 6.4.8.2.1, and that 
fill an opening in a fire enclosure; 

– plugs and connectors forming part of a power supply cord or interconnecting cable 
complying with 6.5, G.4.1 and Clause G.7; 

– motors complying with G.5.4; 

– transformers complying with G.5.3. 

Compliance is checked by inspection of the material data sheets or by test or both. 
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The following materials shall be separated from a PIS according to the requirements of 6.4.7, 
or the materials shall not ignite during single fault conditions as specified in 6.4.3.3: 

– supplies, consumable materials, media and recording materials; 

– parts that are required to have particular properties in order to perform intended functions, 
such as synthetic rubber rollers and ink tubes. 

6.4.5.3 Compliance criteria 

Compliance is checked by testing or by inspection of the equipment and material data sheets. 

6.4.6 Control of fire spread in a PS3 circuit 

Fire spread in PS3 circuits shall be controlled by applying all of the following supplementary 
safeguards:  

– conductors and devices within a PS3 circuit shall meet the requirements of 6.4.5; 

– devices subject to arcing or changing contact resistance (for example, pluggable 
connectors) shall comply with one of the following: 

• have materials made of V-1 class material, or 

• comply with the flammability requirements of the relevant IEC component standard, or 

• be mounted on material made of V-1 class material and be of a volume not exceeding 
1 750 mm3; 

– by providing a fire enclosure as specified in 6.4.8. 

Within the fire enclosure, combustible materials that are not part of a PS2 or PS3 circuit 
shall comply with the flammability test of Clause S.1 or be made of V-2 class material, 
VTM-2 class material or HF-2 class foamed material. These requirements do not apply to: 

– parts with a size of less than 1 750 mm3; 

– supplies, consumable materials, media and recording materials; 

– parts that are required to have particular properties in order to perform intended functions, 
such as synthetic rubber rollers and ink tubes; 

– gears, cams, belts, bearings and other parts that would contribute negligible fuel to a fire, 
including, labels, mounting feet, key caps, knobs and the like; 

– tubing for air or fluid systems, containers for powders or liquids and foamed plastic parts, 
provided that they are of HB75 class material if the thinnest significant thickness of the 
material is < 3 mm, or HB40 class material if the thinnest significant thickness of the 
material is ≥ 3 mm, or HBF class foamed material. 

A fire enclosure is not necessary for the following components and materials: 

– wire insulation and tubing complying with IEC 60332-1-2, IEC 60332-1-3, IEC 60332-2-2 
or IEC/TS 60695-11-21; 

– components, including connectors, complying with the requirements of 6.4.8.2.1, and that 
fill an opening in a fire enclosure; 

– plugs and connectors forming part of a power supply cord or interconnecting cable 
complying with 6.5, G.4.1 and Clause G.7; 

– motors complying with G.5.4; 

– transformers complying with G.5.3. 

Compliance is checked by inspection of the material data sheets or by test or both. 
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The following materials shall be separated from a PIS according to the requirements of 6.4.7, 
or the materials shall not ignite during single fault conditions as specified in 6.4.3.3: 

– supplies, consumable materials, media and recording materials; 

– parts that are required to have particular properties in order to perform intended functions, 
such as synthetic rubber rollers and ink tubes. 

6.4.5.3 Compliance criteria 

Compliance is checked by testing or by inspection of the equipment and material data sheets. 

6.4.6 Control of fire spread in a PS3 circuit 

Fire spread in PS3 circuits shall be controlled by applying all of the following supplementary 
safeguards:  

– conductors and devices within a PS3 circuit shall meet the requirements of 6.4.5; 

– devices subject to arcing or changing contact resistance (for example, pluggable 
connectors) shall comply with one of the following: 

• have materials made of V-1 class material, or 

• comply with the flammability requirements of the relevant IEC component standard, or 

• be mounted on material made of V-1 class material and be of a volume not exceeding 
1 750 mm3; 

– by providing a fire enclosure as specified in 6.4.8. 

Within the fire enclosure, combustible materials that are not part of a PS2 or PS3 circuit 
shall comply with the flammability test of Clause S.1 or be made of V-2 class material, 
VTM-2 class material or HF-2 class foamed material. These requirements do not apply to: 

– parts with a size of less than 1 750 mm3; 

– supplies, consumable materials, media and recording materials; 

– parts that are required to have particular properties in order to perform intended functions, 
such as synthetic rubber rollers and ink tubes; 

– gears, cams, belts, bearings and other parts that would contribute negligible fuel to a fire, 
including, labels, mounting feet, key caps, knobs and the like; 

– tubing for air or fluid systems, containers for powders or liquids and foamed plastic parts, 
provided that they are of HB75 class material if the thinnest significant thickness of the 
material is < 3 mm, or HB40 class material if the thinnest significant thickness of the 
material is ≥ 3 mm, or HBF class foamed material. 

A fire enclosure is not necessary for the following components and materials: 

– wire insulation and tubing complying with IEC 60332-1-2, IEC 60332-1-3, IEC 60332-2-2 
or IEC/TS 60695-11-21; 

– components, including connectors, complying with the requirements of 6.4.8.2.1, and that 
fill an opening in a fire enclosure; 

– plugs and connectors forming part of a power supply cord or interconnecting cable 
complying with 6.5, G.4.1 and Clause G.7; 

– motors complying with G.5.4; 

– transformers complying with G.5.3. 

Compliance is checked by inspection of the material data sheets or by test or both. 
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6.4.7 Separation of combustible materials from a PIS 

6.4.7.1 General 

The minimum separation requirements between a PIS and combustible materials, in order to 
reduce the likelihood of sustained flaming or spread of fire, may be achieved by either 
separation by distance (6.4.7.2) or separation by a barrier (6.4.7.3). 

Separation requirements from a PIS to a fire enclosure are specified in 6.4.8.4. 

6.4.7.2 Separation by distance 

Combustible material, except the material on which the PIS is mounted, shall be separated 
from an arcing PIS or a resistive PIS according to Figure 37, Figure 38, Figure 39 and 
Figure 40. 

Base material of printed boards, on which an arcing PIS is located, shall be made of 
V-1 class material, VTM-1 class material or HF-1 class foamed material. 
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50 mm 

 (PIS) 

Restricted 
volume 
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Figure 37 – Minimum separation requirements from an arcing PIS 
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NOTE This figure can be used for: 

− an arcing PIS that consists of tracks or areas on printed boards; 

− the resistive PIS areas of components. Measurements are made from the nearest power dissipating 
element of the component involved. If in practice it is not readily possible to define the power 
dissipating part, then the outer surface of the component is used. 

Figure 38 – Extended separation requirements from a PIS 
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When the airflow across a circuit is moving due to air moving devices, the vertical orientation 
of the restricted volumes described in Figure 37, Figure 38 and Figure 40 shall be rotated to 
reflect the effect of the airflow on the flame path. When determining the restricted volumes for 
each figure, each cone shall be rotated (tilted) around the PIS location from 0¯ (vertical 
orientation, shown in Figure 39) to 45¯ in the direction of the forced airflow. 

Any available data, including manufacturer’s data, may be used in determining direction of 
forced airflow where it is not clear. Consequential air flow due to the by-product of a moving 
part that is not for air moving purposes may be ignored. 
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Figure 39 – Rotated separation requirements due to forced air flow 

When the distance between a PIS and combustible materials is less than specified in 
Figure 37, Figure 38 and Figure 39 as applicable, the combustible materials shall: 

– have a mass of less than 4 g provided that when the part is ignited, the fire does not 
spread to another part; or 

– comply with the following flammability requirements: 

¶ requirements of the relevant IEC component standard; or 

¶ be made of V-1 class material, VTM-1 class material or HF-1 class foamed 
material, or comply with IEC 60695-11-5. Severities are identified in Clause S.2. 

6.4.7.3 Separation by a fire barrier 

Combustible material shall be separated from an arcing PIS or a resistive PIS by a fire 
barrier as defined in 6.4.8.2.1 (see Figure 40). 

Printed boards are not considered to be a fire barrier against an arcing PIS located on the 
same board. Printed boards complying with 6.4.8 may be considered to be a fire barrier 
against an arcing PIS located on a different board. 

Printed boards can be considered to be a fire barrier against a resistive PIS provided that the 
following conditions are met: 

– the printed board shall: 

¶ comply with the flammability test Clause S.1 as used in the application; or 

¶ be made of V-1 class material, VTM-1 class material or HF-1 class foamed 
material; 
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When the airflow across a circuit is moving due to air moving devices, the vertical orientation 
of the restricted volumes described in Figure 37, Figure 38 and Figure 40 shall be rotated to 
reflect the effect of the airflow on the flame path. When determining the restricted volumes for 
each figure, each cone shall be rotated (tilted) around the PIS location from 0¯ (vertical 
orientation, shown in Figure 39) to 45¯ in the direction of the forced airflow. 

Any available data, including manufacturer’s data, may be used in determining direction of 
forced airflow where it is not clear. Consequential air flow due to the by-product of a moving 
part that is not for air moving purposes may be ignored. 
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Figure 39 – Rotated separation requirements due to forced air flow 

When the distance between a PIS and combustible materials is less than specified in 
Figure 37, Figure 38 and Figure 39 as applicable, the combustible materials shall: 

– have a mass of less than 4 g provided that when the part is ignited, the fire does not 
spread to another part; or 

– comply with the following flammability requirements: 

¶ requirements of the relevant IEC component standard; or 

¶ be made of V-1 class material, VTM-1 class material or HF-1 class foamed 
material, or comply with IEC 60695-11-5. Severities are identified in Clause S.2. 

6.4.7.3 Separation by a fire barrier 

Combustible material shall be separated from an arcing PIS or a resistive PIS by a fire 
barrier as defined in 6.4.8.2.1 (see Figure 40). 

Printed boards are not considered to be a fire barrier against an arcing PIS located on the 
same board. Printed boards complying with 6.4.8 may be considered to be a fire barrier 
against an arcing PIS located on a different board. 

Printed boards can be considered to be a fire barrier against a resistive PIS provided that the 
following conditions are met: 

– the printed board shall: 

¶ comply with the flammability test Clause S.1 as used in the application; or 

¶ be made of V-1 class material, VTM-1 class material or HF-1 class foamed 
material; 
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When the airflow across a circuit is moving due to air moving devices, the vertical orientation 
of the restricted volumes described in Figure 37, Figure 38 and Figure 40 shall be rotated to 
reflect the effect of the airflow on the flame path. When determining the restricted volumes for 
each figure, each cone shall be rotated (tilted) around the PIS location from 0¯ (vertical 
orientation, shown in Figure 39) to 45¯ in the direction of the forced airflow. 

Any available data, including manufacturer’s data, may be used in determining direction of 
forced airflow where it is not clear. Consequential air flow due to the by-product of a moving 
part that is not for air moving purposes may be ignored. 
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Figure 39 – Rotated separation requirements due to forced air flow 

When the distance between a PIS and combustible materials is less than specified in 
Figure 37, Figure 38 and Figure 39 as applicable, the combustible materials shall: 

– have a mass of less than 4 g provided that when the part is ignited, the fire does not 
spread to another part; or 

– comply with the following flammability requirements: 

¶ requirements of the relevant IEC component standard; or 

¶ be made of V-1 class material, VTM-1 class material or HF-1 class foamed 
material, or comply with IEC 60695-11-5. Severities are identified in Clause S.2. 

6.4.7.3 Separation by a fire barrier 

Combustible material shall be separated from an arcing PIS or a resistive PIS by a fire 
barrier as defined in 6.4.8.2.1 (see Figure 40). 

Printed boards are not considered to be a fire barrier against an arcing PIS located on the 
same board. Printed boards complying with 6.4.8 may be considered to be a fire barrier 
against an arcing PIS located on a different board. 

Printed boards can be considered to be a fire barrier against a resistive PIS provided that the 
following conditions are met: 

– the printed board shall: 

¶ comply with the flammability test Clause S.1 as used in the application; or 

¶ be made of V-1 class material, VTM-1 class material or HF-1 class foamed 
material; 
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When the airflow across a circuit is moving due to air moving devices, the vertical orientation 
of the restricted volumes described in Figure 37, Figure 38 and Figure 40 shall be rotated to 
reflect the effect of the airflow on the flame path. When determining the restricted volumes for 
each figure, each cone shall be rotated (tilted) around the PIS location from 0¯ (vertical 
orientation, shown in Figure 39) to 45¯ in the direction of the forced airflow. 

Any available data, including manufacturer’s data, may be used in determining direction of 
forced airflow where it is not clear. Consequential air flow due to the by-product of a moving 
part that is not for air moving purposes may be ignored. 
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Figure 39 – Rotated separation requirements due to forced air flow 

When the distance between a PIS and combustible materials is less than specified in 
Figure 37, Figure 38 and Figure 39 as applicable, the combustible materials shall: 

– have a mass of less than 4 g provided that when the part is ignited, the fire does not 
spread to another part; or 

– comply with the following flammability requirements: 

¶ requirements of the relevant IEC component standard; or 

¶ be made of V-1 class material, VTM-1 class material or HF-1 class foamed 
material, or comply with IEC 60695-11-5. Severities are identified in Clause S.2. 

6.4.7.3 Separation by a fire barrier 

Combustible material shall be separated from an arcing PIS or a resistive PIS by a fire 
barrier as defined in 6.4.8.2.1 (see Figure 40). 

Printed boards are not considered to be a fire barrier against an arcing PIS located on the 
same board. Printed boards complying with 6.4.8 may be considered to be a fire barrier 
against an arcing PIS located on a different board. 

Printed boards can be considered to be a fire barrier against a resistive PIS provided that the 
following conditions are met: 

– the printed board shall: 

¶ comply with the flammability test Clause S.1 as used in the application; or 

¶ be made of V-1 class material, VTM-1 class material or HF-1 class foamed 
material; 
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– within the restricted volume, no materials rated less than V-1 class material shall be 
mounted on the same side of a printed board as the resistive PIS; 

– within the restricted volume, the printed board shall have no PS2 conductors or PS3 
conductors (except for the conductors that supply the circuit under consideration). This 
applies to any side of the printed board as well as the inner layer of the printed board. 
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Figure 40a – Illustration showing  

an angled barrier 
Figure 40b – Illustration showing  

a horizontal barrier 
 

NOTE 1 The volume of the flame is nearly constant; consequently the shape of the flame is dependent upon the 
position and the shape of the barrier. Different shapes of barriers might give different flame shapes and result in a 
different restricted area and separation requirements. 
 
NOTE 2 Dimensions are identical to Figure 37 and Figure 38 but, except as required in 6.4.8.4, the distance of the 
barrier from the PIS is not significant. 

Figure 40 – Deflected separation requirements from a PIS when a fire barrier is used 

6.4.7.4 Compliance criteria 

Compliance is checked by inspection or measurement or both. 

6.4.8 Fire enclosures and fire barriers 

6.4.8.1 General 

The safeguard function of the fire enclosure and the fire barrier is to impede the spread of 
fire through the enclosure or barrier. 

The fire enclosure may be the overall enclosure, or it may be within the overall enclosure. 
The fire enclosure need not have an exclusive function, but may provide other functions in 
addition to that of a fire enclosure. 

6.4.8.2 Fire enclosure and fire barrier material properties 

6.4.8.2.1 Requirements for a fire barrier 

A fire barrier shall comply with the requirements of Clause S.1. 

These requirements do not apply provided that the material is: 

– made of non-combustible material (for example, metal, glass, ceramic, etc.); or 
– made of V-1 class material or VTM-1 class material. 
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6.4.8.2.2 Requirements for a fire enclosure 

For circuits where the available power does not exceed 4 000 W (see 6.4.1), a fire enclosure 
shall comply with the requirements of Clause S.1. 

For circuits where the available power exceeds 4 000 W, a fire enclosure shall comply with 
the requirements of Clause S.5. 

These requirements do not apply provided that the material is: 

– made of non-combustible material (for example, metal, glass, ceramic, etc.); or 

– made of 

¶ V-1 class material if the available power does not exceed 4 000 W; or 

¶ 5VA class material or 5VB class material if the available power exceeds 4 000 W. 

Material for components that fill an opening in a fire enclosure or that is intended to be 
mounted in such opening shall: 

– comply with the flammability requirements of the relevant IEC component standard; or 

– be made of V-1 class material; or 

– comply with Clause S.1. 

6.4.8.2.3 Compliance criteria 

Compliance is checked by inspection of applicable data sheets or test. 

The material flammability class is checked for the thinnest significant thickness used. 

6.4.8.3 Constructional requirements for a fire enclosure and a fire barrier 

6.4.8.3.1 Fire enclosure and fire barrier openings 

Openings in a fire enclosure or in a fire barrier shall be of such dimensions that fire and 
products of combustion passing through the openings are not likely to ignite material on the 
outside of the enclosure or on the side of a fire barrier opposite to the PIS. 

The openings to which these properties apply are relative to the site or location of the PIS and 
of combustible materials. The locations of openings relative to the flame property are shown 
in Figure 41 and Figure 42. 

Regardless of the equipment orientation, the flame orientation property of the PIS is always 
vertical, unless the equipment contains a forced airflow. Where the equipment has two or 
more normal operating condition orientations, opening properties apply to each possible 
orientation and airflow direction. 

When the forced airflow across a PIS is moving due to air moving devices, the vertical 
orientation of the volume described in Figure 38 is rotated (tilted) around the PIS location 
from 0¯ (vertical orientation shown in Figure 38) to 45¯ in the direction of the forced airflow 
(see also Figure 39). 

6.4.8.3.2 Fire barrier dimensions 

A fire barrier shall have dimensions sufficient to prevent ignition of the edges of the barrier. 
The edges of the fire barriers shall extend to beyond the fire cone (see Figure 40). 
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of combustible materials. The locations of openings relative to the flame property are shown 
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Regardless of the equipment orientation, the flame orientation property of the PIS is always 
vertical, unless the equipment contains a forced airflow. Where the equipment has two or 
more normal operating condition orientations, opening properties apply to each possible 
orientation and airflow direction. 

When the forced airflow across a PIS is moving due to air moving devices, the vertical 
orientation of the volume described in Figure 38 is rotated (tilted) around the PIS location 
from 0¯ (vertical orientation shown in Figure 38) to 45¯ in the direction of the forced airflow 
(see also Figure 39). 

6.4.8.3.2 Fire barrier dimensions 

A fire barrier shall have dimensions sufficient to prevent ignition of the edges of the barrier. 
The edges of the fire barriers shall extend to beyond the fire cone (see Figure 40). 

BS EN 62368-1:2014

BS EN 62368-1:2014
62368-1 © IEC:2014 – 162 –

62368-1 © IEC:2014 – 145 – 

6.4.8.2.2 Requirements for a fire enclosure 

For circuits where the available power does not exceed 4 000 W (see 6.4.1), a fire enclosure 
shall comply with the requirements of Clause S.1. 

For circuits where the available power exceeds 4 000 W, a fire enclosure shall comply with 
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These requirements do not apply provided that the material is: 
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Openings in a fire enclosure or in a fire barrier shall be of such dimensions that fire and 
products of combustion passing through the openings are not likely to ignite material on the 
outside of the enclosure or on the side of a fire barrier opposite to the PIS. 

The openings to which these properties apply are relative to the site or location of the PIS and 
of combustible materials. The locations of openings relative to the flame property are shown 
in Figure 41 and Figure 42. 

Regardless of the equipment orientation, the flame orientation property of the PIS is always 
vertical, unless the equipment contains a forced airflow. Where the equipment has two or 
more normal operating condition orientations, opening properties apply to each possible 
orientation and airflow direction. 

When the forced airflow across a PIS is moving due to air moving devices, the vertical 
orientation of the volume described in Figure 38 is rotated (tilted) around the PIS location 
from 0° (vertical orientation shown in Figure 38) to 45° in the direction of the forced airflow 
(see also Figure 39). 

6.4.8.3.2 Fire barrier dimensions 

A fire barrier shall have dimensions sufficient to prevent ignition of the edges of the barrier. 
The edges of the fire barriers shall extend to beyond the fire cone (see Figure 40). 
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6.4.8.2.2 Requirements for a fire enclosure 

For circuits where the available power does not exceed 4 000 W (see 6.4.1), a fire enclosure 
shall comply with the requirements of Clause S.1. 

For circuits where the available power exceeds 4 000 W, a fire enclosure shall comply with 
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These requirements do not apply provided that the material is: 
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products of combustion passing through the openings are not likely to ignite material on the 
outside of the enclosure or on the side of a fire barrier opposite to the PIS. 

The openings to which these properties apply are relative to the site or location of the PIS and 
of combustible materials. The locations of openings relative to the flame property are shown 
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Regardless of the equipment orientation, the flame orientation property of the PIS is always 
vertical, unless the equipment contains a forced airflow. Where the equipment has two or 
more normal operating condition orientations, opening properties apply to each possible 
orientation and airflow direction. 

When the forced airflow across a PIS is moving due to air moving devices, the vertical 
orientation of the volume described in Figure 38 is rotated (tilted) around the PIS location 
from 0° (vertical orientation shown in Figure 38) to 45° in the direction of the forced airflow 
(see also Figure 39). 

6.4.8.3.2 Fire barrier dimensions 

A fire barrier shall have dimensions sufficient to prevent ignition of the edges of the barrier. 
The edges of the fire barriers shall extend to beyond the fire cone (see Figure 40). 
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6.4.8.3.3 Top openings and top opening properties 

Top opening properties of a fire enclosure and a fire barrier shall apply to openings above a 
PIS as shown in Figure 41. 

NOTE Any openings within the zone as shown in Figure 41 are regarded to be top openings, including side 
openings. 

Top openings that fall within the volume defined in Figure 41 shall comply with the following 
test. 

The test is conducted using the needle-flame burner as specified in Clause S.2 placed 
vertically in a draft-free location. The distance between the inner side of the top openings and 
the centre of the burner tube is 7 mm ± 1 mm. The sample is placed in its normal operating 
position. The top openings are covered with a single layer of cheesecloth. 

The flame is applied for a period of 1 min. The cheesecloth shall not ignite. 

In case of openings having different dimensions, the test shall be conducted on one opening 
of each group of the top openings with the same dimensions. 

 
15 mm 

PIS 15 mm 

With respect to the 
PIS, top openings are any 
openings within the 
volume shown (2 mm 
around the cone) 

IEC   0365/14  

NOTE Dimensions of the cone are identical to Figure 37 and Figure 38. 

Figure 41 – Top openings 

No test is required provided that the openings do not exceed: 

– 5 mm in any dimension, or 

– 1 mm in width regardless of length. 

6.4.8.3.4 Bottom openings and bottom opening properties 

Bottom opening properties of a fire enclosure and a fire barrier shall apply to openings that 
are located in the volume as shown in Figure 42. 

NOTE Any openings within the zone as shown in Figure 42 are regarded to be bottom openings, including side 
openings. 

Bottom openings are those openings below a PIS and within 30 mm diameter cylinder 
extending indefinitely below the PIS. 
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15 mm 

PIS 
15 mm 

With respect to the PIS, 
bottom openings are any 
openings within the 
volume shown 

IEC   0366/14  
NOTE Dimensions of the cone are identical to Figure 37 and Figure 38. 

Figure 42 – Bottom openings 

Bottom openings shall comply with Clause S.3. 

No test is necessary provided that one of the following conditions is met: 

a) the bottom openings do not exceed: 
– 3 mm in any dimension, or 

– 1 mm in width regardless of length; 

b) under components and parts meeting the requirements for V-1 class material, or HF-1 
class foamed material or under components that pass the needle-flame test of 
IEC 60695-11-5 using a 30 s flame application, bottom openings shall not exceed: 
– 6 mm in any dimension, or 

– 2 mm in width regardless of length; 

c) the bottom openings do not exceed a 2 mm by 2 mm mesh of at least 0,45 mm diameter 
metal wire. 

d) the openings in the metal bottom enclosure comply with Table 34. 
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15 mm 

PIS 
15 mm 

With respect to the PIS, 
bottom openings are any 
openings within the 
volume shown 

IEC   0366/14  
NOTE Dimensions of the cone are identical to Figure 37 and Figure 38. 

Figure 42 – Bottom openings 

Bottom openings shall comply with Clause S.3. 

No test is necessary provided that one of the following conditions is met: 

a) the bottom openings do not exceed: 
– 3 mm in any dimension, or 

– 1 mm in width regardless of length; 

b) under components and parts meeting the requirements for V-1 class material, or HF-1 
class foamed material or under components that pass the needle-flame test of 
IEC 60695-11-5 using a 30 s flame application, bottom openings shall not exceed: 
– 6 mm in any dimension, or 

– 2 mm in width regardless of length; 

c) the bottom openings do not exceed a 2 mm by 2 mm mesh of at least 0,45 mm diameter 
metal wire. 

d) the openings in the metal bottom enclosure comply with Table 34. 
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With respect to the PIS, 
bottom openings are any 
openings within the 
volume shown 
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NOTE Dimensions of the cone are identical to Figure 37 and Figure 38. 

Figure 42 – Bottom openings 

Bottom openings shall comply with Clause S.3. 

No test is necessary provided that one of the following conditions is met: 

a) the bottom openings do not exceed: 
– 3 mm in any dimension, or 

– 1 mm in width regardless of length; 

b) under components and parts meeting the requirements for V-1 class material, or HF-1 
class foamed material or under components that pass the needle-flame test of 
IEC 60695-11-5 using a 30 s flame application, bottom openings shall not exceed: 
– 6 mm in any dimension, or 

– 2 mm in width regardless of length; 

c) the bottom openings do not exceed a 2 mm by 2 mm mesh of at least 0,45 mm diameter 
metal wire. 

d) the openings in the metal bottom enclosure comply with Table 34. 
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15 mm 

PIS 
15 mm 

With respect to the PIS, 
bottom openings are any 
openings within the 
volume shown 

IEC   0366/14  
NOTE Dimensions of the cone are identical to Figure 37 and Figure 38. 

Figure 42 – Bottom openings 

Bottom openings shall comply with Clause S.3. 

No test is necessary provided that one of the following conditions is met: 

a) the bottom openings do not exceed: 
– 3 mm in any dimension, or 

– 1 mm in width regardless of length; 

b) under components and parts meeting the requirements for V-1 class material, or HF-1 
class foamed material or under components that pass the needle-flame test of 
IEC 60695-11-5 using a 30 s flame application, bottom openings shall not exceed: 
– 6 mm in any dimension, or 

– 2 mm in width regardless of length; 

c) the bottom openings do not exceed a 2 mm by 2 mm mesh of at least 0,45 mm diameter 
metal wire. 

d) the openings in the metal bottom enclosure comply with Table 34. 
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Table 34 – Size and spacing of holes in metal bottoms of fire enclosures 

 Circular holes Other shaped openings 

Metal bottom 
minimum 
thickness 

 
mm 

Maximum 
diameter of holes  

 
 

mm 

Minimum spacing 
of holes centre to 

centre 
 

mm 

Maximum  
area 

 
 

mm2 

Minimum spacing 
of openings 

border to border 
 

mm 

0,66 1,1 1,7 1,1 0,56 

0,66 1,2 2,4 1,2 1,1 

0,76 1,1 1,7 1,1 0,55 

0,76 1,2 2,4 1,2 1,1 

0,81 1,9 3,2 2,9 1,1 

0,89 1,9 3,2 2,9 1,2 

0,91 1,6 2,8 2,1 1,1 

0,91 2,0 3,2 3,1 1,2 

1,0 1,6 2,8 2,1 1,1 

1,0 2,0 3,0 3,2 1,0 

Equipment intended only for use in fixed installations and intended to be floor standing on a 
non-combustible surface need not be provided with a fire enclosure bottom. Such equipment 
shall be marked in accordance with Clause F.5 in a clearly visible location with the following 
or equivalent wording: 

RISK OF FIRE 

Install only on concrete 
or other non-combustible floor 

6.4.8.3.5 Integrity of the fire enclosure 

If part of a fire enclosure consists of a door or cover that can be opened by an ordinary 
person, the door or cover shall comply with requirements a), b), or c): 

a) the door or cover shall be interlocked and comply with the safety interlock requirements 
in Annex K; 

b) a door or cover, intended to be routinely opened by the ordinary person, shall comply 
with both of the following conditions: 
– it shall not be removable from other parts of the fire enclosure by the ordinary 

person; and 

– it shall be provided with a means to keep it closed during normal operating 
conditions; 

c) a door or cover intended only for occasional use by the ordinary person, such as for the 
installation of accessories, may be removable if an instructional safeguard is provided 
for correct removal and reinstallation of the door or cover. 

6.4.8.3.6 Compliance criteria 

Compliance is checked by inspection of applicable data sheets and, where necessary, by test. 

6.4.8.4 Separation of a PIS from a fire enclosure and a fire barrier 

A fire enclosure or fire barrier made of combustible material shall: 

– have a minimum distance of 13 mm to an arcing PIS; and 

– have a minimum distance of 5 mm to a resistive PIS. 
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Smaller distances are allowed provided that the part of the fire enclosure or fire barrier within 
the required separation distance complies with one of the following: 

– the fire enclosure or fire barrier meets the needle-flame test according to 
IEC 60695-11-5. Severities are identified in Clause S.2. After the test, the fire enclosure 
or fire barrier material shall not have formed any holes that are bigger than allowed in 
6.4.8.3.3 or 6.4.8.3.4 as appropriate; or 

– the fire enclosure or fire barrier is made of V-0 class material. 

6.5 Internal and external wiring 

6.5.1 Requirements 

In PS2 circuits or PS3 circuits, the insulation on internal or external wiring shall pass the test 
methods described below. 

For conductors with a cross-sectional area of 0,5 mm2 or greater, the test methods in 
IEC 60332-1-2 and IEC 60332-1-3 shall be used. 

For conductors with a cross-sectional area of less than 0,5 mm2, the test methods in 
IEC 60332-2-2 shall be used. 

For both internal and external wiring, the test method described in IEC/TS 60695-11-21 may 
be used instead of the test methods in IEC 60332-1-2, IEC 60332-1-3 or IEC 60332-2-2. 

6.5.2 Compliance criteria 

The insulated conductor or cable shall be acceptable if it complies with the recommended 
performance requirements of the applicable IEC 60332 standards or with the requirements of 
IEC/TS 60695-11-21. 

6.5.3 Requirements for interconnection to building wiring. 

Equipment intended to provide power over the wiring system to remote equipment shall limit 
the output current to a value that does not cause damage to the wiring system, due to 
overheating, under any external load condition. The maximum continuous current from the 
equipment shall not exceed a current limit that is suitable for the minimum wire gauge 
specified in the equipment installation instructions. 

NOTE This wiring is not usually controlled by the equipment installation instructions, since the wiring is often 
installed independent of the equipment installation. 

PS2 circuits or PS3 circuits that provide power and that are intended to be compatible with 
LPS to external circuits (see Annex Q) shall have their output power limited to values that 
reduce the likelihood of ignition within building wiring or external devices located in a different 
room. 

Compliance is checked with Clause Q.1. 

Circuits providing power to devices or external components that are intended for use in the 
same room as the EUT are not subject to this requirement. See 6.6 for connection to 
secondary equipment. 

External paired conductor cable circuits, such as those described in Table 14, ID numbers 1 
and 2 having a minimum wire diameter of 0,4 mm, shall have the current limited to 1,3 A. 

EXAMPLE Time/current characteristics of type gD and type gN fuses specified in IEC 60269-2 comply with the 
above limit. Type gD or type gN fuses rated 1 A, would meet the 1,3 A current limit. 

Compliance is checked with Clause Q.1.2. 
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