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Foreword 
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Annex ZA  
(normative) 

  

Normative references to international publications 
with their corresponding European publications 

  

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

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

  

Publication Year Title EN/HD Year 
  

IEC 60060-1 - High-voltage test techniques -  
Part 1: General definitions and test 
requirements 

HD 588.1  - 

 

  

IEC 60085 - Electrical insulation - Thermal evaluation and 
designation 

EN 60085 - 
 

  

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

EN 60112 - 

 

  

IEC 60216-1 - Electrical insulating materials - Properties of 
thermal endurance -  
Part 1: Ageing procedures and evaluation of 
test results 

EN 60216-1 - 

 

  

IEC 60216-2 - Electrical insulating materials - Thermal 
endurance properties -  
Part 2: Determination of thermal endurance 
properties of electrical insulating materials - 
Choice of test criteria 

EN 60216-2 - 

 

  

IEC 60216-3 - Electrical insulating materials - Thermal 
endurance properties -  
Part 3: Instructions for calculating thermal 
endurance characteristics 

EN 60216-3 - 

 

  

IEC 60216-4-1 - Electrical insulating materials - Thermal 
endurance properties -  
Part 4-1: Ageing ovens - Single-chamber 
ovens 

EN 60216-4-1 - 

 

  

IEC 60216-5 - Electrical insulating materials - Thermal 
endurance properties -  
Part 5: Determination of relative thermal 
endurance index (RTE) of an insulating 
material 

EN 60216-5 - 

 

  

IEC 60216-6 - Electrical insulating materials - Thermal 
endurance properties -  
Part 6: Determination of thermal endurance 
indices (TI and RTE) of an insulating material 
using the fixed time frame method 

EN 60216-6 - 

 

  

IEC 60227-1 2007 Polyvinyl chloride insulated cables of rated 
voltages up to and including 450/750 V -  
Part 1: General requirements  

- - 
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Publication Year Title EN/HD Year 
  

IEC 60245-1 2003 Rubber insulated cables - Rated voltages up 
to and including 450/750 V -  
Part 1: General requirements 

- - 

 

  

IEC 60309 Series Plugs, socket-outlets and couplers for 
industrial purposes  

EN 60309 Series 
 

  

IEC 60320 Series Appliance couplers for household and similar 
general purposes  

EN 60320 Series 
 

  

IEC 60364-1 (mod) 2005 Low-voltage electrical installations -  
Part 1: Fundamental principles, assessment of 
general characteristics, definitions 

HD 60364-1 2008 

 

  

IEC 60364-5-54 
(mod) 

- Electrical installations of buildings -  
Part 5-54: Selection and erection of electrical 
equipment - Earthing arrangements, 
protective conductors and protective bonding 
conductors 

HD 60364-5-54 - 

 

  

IEC 60417 - Graphical symbols for use on equipment - - 
 

  

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

EN 60529 - 
 

  

IEC 60664 Series Insulation coordination for equipment within 
low-voltage systems 

EN 60664 Series 
 

  

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 2003 Insulation coordination for equipment within 
low-voltage systems -  
Part 3: Use of coating, potting or moulding for 
protection against pollution 

EN 60664-3 2003 

 

  

IEC 60664-4 2005 Insulation coordination for equipment within 
low-voltage systems -  
Part 4: Consideration of high-frequency 
voltage stress 

EN 60664-4 
+ corr. October  

2006 
2006 

 

  

IEC 60695-2-11 - Fire hazard testing -  
Part 2-11: Glowing/hot-wire based test 
methods - Glow-wire flammability test method 
for end-products 

EN 60695-2-11 - 

 

  

IEC/TS 60695-2-20 - Fire hazard testing -  
Part 2-20: Glowing/hot wire based test 
methods - Hot-wire coil ignitability - 
Apparatus, test method and guidance 

- - 

 

  

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

EN 60695-11-5 - 

 

  

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 - Fire hazard testing -  
Part 11-20: Test flames - 500 W flame test 
methods 

EN 60695-11-20 - 
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Publication Year Title EN/HD Year 
  

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

EN 60730-1 201X1) 

 

  

IEC/TR 60755 - General requirements for residual current 
operated protective devices  

- - 
 

  

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

EN 60950-1 
+ A11 

2006 
2009 

 

  

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

EN 60990 1999 
 

  

IEC 61032 - Protection of persons and equipment by 
enclosures - Probes for verification 

EN 61032 - 
 

  

IEC 61180-1 - High-voltage test techniques for low-voltage 
equipment -  
Part 1: Definitions, test and procedure 
requirements 

EN 61180-1 - 

 

  

IEC 62020 - Electrical accessories - Residual current 
monitors for household and similar uses 
(RCMs) 

EN 62020 - 

 

  

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

  

ISO 179 Series Plastics - Determination of Charpy impact 
properties  

EN ISO 179  Series 
 

  

ISO 180 - Plastics - Determination of Izod impact 
strength 

EN ISO 180 - 
 

  

ISO 261 - ISO general-purpose metric screw threads - 
General plan 

- - 
 

  

ISO 262 - ISO general-purpose metric screw threads - 
Selected sizes for screws, bolts and nuts 

- - 
 

  

ISO 527 Series Plastics - Determination of tensile properties  EN ISO 527 Series 
 

  

ISO 3746 - Acoustics - Determination of sound power 
levels of noise sources using sound pressure -
Survey method using an enveloping 
measurement surface over a reflecting plane 

EN ISO 3746 - 

 

  

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

EN ISO 4892-1 - 

 

  

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

EN ISO 4892-2 - 

 

  

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

- - 

 

  

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

- - 
 

  

ISO 8256 - Plastics - Determination of tensile-impact 
strength 

EN ISO 8256 - 
 

  

ISO 9614-1 - Acoustics - Determination of sound power 
levels of noise sources using sound intensity -
Part 1: Measurement at discrete points 

EN ISO 9614-1 - 

 

  

                                                      
1) At draft stage. 
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Publication Year Title EN/HD Year 
  

ISO 9614-2 - Acoustics - Determination of sound power 
levels of noise sources using sound intensity -
Part 2: Measurement by scanning 

EN ISO 9614-2 - 

 

  

ISO 9614-3 - Acoustics - Determination of sound power 
levels of noise sources using sound intensity -
Part 3: Precision method for measurement by 
scanning 

EN ISO 9614-3 - 

 

  

ANSI/ASTM E84 - Standard Test Method for Surface Burning 
Characteristics of Building Materials 

- - 
 

  

ANSI/UL 746B - Polymeric Materials - Long-Term Property 
Evaluations 

- - 
 

  

ANSI/UL 746C - Polymeric Materials - Used in Electrical 
Equipment Evaluations 

- - 
 

  

ASTM E162 - Standard Test Method for Surface 
Flammability of Materials Using a Radiant 
Heat Energy Source 

- - 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

_____________ 
 

SAFETY OF POWER CONVERTERS FOR USE  
IN PHOTOVOLTAIC POWER SYSTEMS –  

 
Part 1: General requirements 

 
 

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

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

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

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

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

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

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

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

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

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

International Standard IEC 62109-1 has been prepared by IEC technical committee 82: Solar 
photovoltaic energy systems. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

82/593/FDIS 82/597/RVD 

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

A list of all parts of IEC 62109 series, under the general title, Safety of power converters for 
use in photovoltaic power systems, can be found on the IEC website. 
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The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 

A bilingual version of this publication may be issued at a later date. 

 

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

This Part of IEC 62109 specifies the safety requirements that are generally applicable to all 
equipment within its scope. For certain types of equipment, these requirements will be 
supplemented or modified by the special requirements of one or more subsequent parts (for 
example IEC 62109-2, IEC 62109-3, etc.) of the standard which must be read in conjunction 
with the Part 1 requirements. 
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SAFETY OF POWER CONVERTERS FOR USE  
IN PHOTOVOLTAIC POWER SYSTEMS –  

 
Part 1: General requirements 

 
 
 

1 Scope and object 

1.1 Scope  

This part of IEC 62109 applies to the power conversion equipment (PCE) for use in 
Photovoltaic (PV) systems where a uniform technical level with respect to safety is necessary. 
This standard defines the minimum requirements for the design and manufacture of PCE for 
protection against electric shock, energy, fire, mechanical and other hazards.  

This standard provides general requirements applicable to all types of PV PCE. There are 
additional parts of this standard that provide specific requirements for the different types of 
power converters, such as Part 2 - inverters. Additional parts may be published as new 
products and technologies are commercialised. 

1.1.1 Equipment included in scope 

This standard covers PCE connected to systems not exceeding maximum PV source circuit 
voltage of 1 500 V d.c. The equipment may also be connected to systems not exceeding 
1 000 V a.c. at the a.c. mains circuits, non-mains a.c. load circuits, and to other DC source or 
load circuits such as batteries. This standard may be used for accessories for use with PCE, 
except where more appropriate standards exist.  

Evaluation of PCE to this standard includes evaluation of all features and functions 
incorporated in or available for the PCE, or referred to in the documentation provided with the 
PCE, if such features or functions can affect compliance with the requirements of this 
standard. 

1.1.2 Equipment for which other requirements may apply 

This standard has not been written to address characteristics of power sources other than 
photovoltaic systems, such as wind turbines, fuel cells, rotating machine sources, etc.  

NOTE 1 Requirements for other sources may be incorporated in the IEC 62109 series in the future. 

Additional or other requirements are necessary for equipment intended for use in explosive 
atmospheres (see IEC 60079), aircraft, marine installations, electromedical applications (see 
IEC 60601) or at elevations above 2 000 m. 

NOTE 2 Requirements are included for adjustment of clearance distances for higher elevations, but not for other 
factors related to elevation, such as thermal considerations 

1.2 Object 

1.2.1 Aspects included in scope 

The purpose of the requirements of this part of IEC 62109 is to ensure that the design and 
methods of construction used provide adequate protection for the operator and the 
surrounding area against: 

a) electric shock and energy hazards; 
b) mechanical hazards; 
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c) excessive temperature hazards; 
d) spread of fire from the equipment; 
e) chemical hazards; 
f) sonic pressure hazards; 
g) liberated fluids, gases and explosion hazards. 

NOTE Servicing personnel are expected to have the necessary knowledge and skill to use reasonable care in 
dealing with hazards associated with the operation, repair and maintenance of this equipment. Based upon this 
premise, this standard provides only limited requirements (for example markings or guarding) intended to protect 
service personnel from hazards that may not be apparent even to trained personnel. 

1.2.2 Aspects excluded from scope 

Aspects not covered by this standard include, but are not limited to, the following: 

a) functional reliability, performance or other properties of the equipment not related to 
safety; 

b) effectiveness of transport packaging; 
c) EMC requirements; 
d) installation requirements, which are covered by local and national installation codes. 

NOTE This standard does provide requirements for PCE intended to ensure that the PCE can be installed in a 
safe manner, including requirements for installation instructions provided with the product. 

2 Normative references 

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

IEC 60060-1, High-voltage test techniques − Part 1: General definitions and test requirements 

IEC 60085, Electrical insulation – Thermal evaluation and designation 

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

IEC 60216-1, Electrical insulating materials – Properties of thermal endurance – Part 1: 
Ageing procedures and evaluation of test results 

IEC 60216-2, Electrical insulating materials – Thermal endurance properties – Part 2: 
Determination of thermal endurance properties of electrical insulating materials – Choice of 
test criteria 

IEC 60216-3, Electrical insulating materials – Thermal endurance properties – Part 3: 
Instructions for calculating thermal endurance characteristics 

IEC 60216-4-1, Electrical insulating materials – Thermal endurance properties – Part 4-1: 
Ageing ovens − Section 1: Single-chamber ovens 

IEC 60216-5, Electrical insulating materials – Thermal endurance properties – Part 5: 
Determination of relative thermal endurance index (RTE) of an insulating material 

IEC 60216-6, Electrical insulating materials – Thermal endurance properties – Part 6: 
Determination of thermal endurance indices (TI and RTE) of an insulating material using the 
fixed time frame method 
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IEC 60227-1:2007, Polyvinyl chloride insulated cables of rated voltages up to and including 
450/750 V - Part 1: General requirements 

IEC 60245-1:2003, 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 60320 (all parts), Appliances couplers for household and similar general purposes  

IEC 60364-1:2005, Low-voltage electrical installations – Part 1: Fundamental principles, 
assessment of general characteristics, definitions 

IEC 60364-5-54, Electrical installations of buildings – Part 5-54: Selection and erection of 
electrical equipment – Earthing arrangements, protective conductors and protective bonding 
conductors 

IEC 60417, Graphical symbols for use on 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 (all parts), Insulation coordination for equipment within low-voltage systems 

IEC 60664-3:2003, Insulation coordination for equipment within low-voltage systems − Part 3: 
Use of coating, potting or moulding for protection against pollution 

IEC 60664-4:2005, Insulation coordination for equipment within low-voltage systems – Part 4: 
Consideration of high-frequency voltage stress 

IEC 60695-2-11, Fire hazard testing – Part 2-11: Glowing/hot-wire based test methods − 
Glow-wire flammability test method for end-products 

IEC 60695-2-20, Fire hazard testing – Part 2-20: Glowing/hot wire based test methods − Hot-
wire coil ignitability − Apparatus, test method and guidance 

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

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

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

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

IEC 60755, General requirements for residual current operated protective devices 

IEC 60950-1:2005, Information technology equipment − Safety − Part 1: General requirements 

IEC 60990:1999, Methods of measurement of touch current and protective conductor current 
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IEC 61032, Protection of persons and equipment by enclosures – Probes for verification 

IEC 61180-1, High-voltage test techniques for low voltage equipment – Part 1: Definitions, 
test and procedure requirements  

IEC 62020, Electrical accessories – Residual current monitors for household and similar uses 
(RCMs) 

ISO 178, Plastics – Determination of flexural properties 

ISO 179 (all parts), Plastics – Determination of Charpy impact properties 

ISO 180, Plastics – Determination of Izod impact strength 

ISO 261, ISO general purpose metric screw threads – General plan 

ISO 262, ISO general purpose metric screw threads – Selected sizes for screws, bolts and 
nuts 

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

ISO 3746, Acoustics − Determination of sound power levels of noise sources using sound 
pressure − Survey method using an enveloping measurement surface over a reflecting plane 

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

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

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

ISO 7000, Graphical symbols for use on equipment – Index and synopsis  

ISO 8256, Plastics – Determination of tensile-impact strength 

ISO 9614-1, Acoustics − Determination of sound power levels of noise sources using sound 
intensity − Part 1: Measurement at discrete points 

ISO 9614-2, Acoustics – Determination of sound power levels of noise sources using sound 
intensity – Part 2: Measurement by scanning  

ISO 9614-3, Acoustics – Determination of sound power levels of noise sources using sound 
intensity – Part 3: Precision method for measurement by scanning  

ANSI/ASTM E84, Standard Test Method for Surface Burning Characteristics of Building 
Materials 

ANSI UL 746B, Polymeric Materials – Long Term Property Evaluations 

ANSI UL 746C, Polymeric Materials – Use in Electrical Equipment Evaluations 

ASTM E162, Standard Test Method for Surface Flammability of Materials Using a Radiant 
Heat Energy Source  
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3 Terms and definitions 

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

NOTE Unless otherwise specified, values of "voltage" and "current" are the r.m.s. values of an alternating, direct 
or composite voltage or current. 

3.1   
accessible 
able to be touched with the standard access probes when used as specified in  7.3.4 

3.2  
basic insulation 
insulation which provides a single level of protection against electric shock under fault-free 
conditions 

NOTE Basic insulation may serve also for functional purposes. 

3.3  
battery type 
the battery chemistry (e.g. lead-acid) and type (e.g. flooded, gel, etc.) or types of batteries 
intended for use with the PCE 

3.4  
battery - sealed 
a battery with no provision for the addition of water or electrolyte, and constructed so as to 
prevent the emission of liquid or gasses under normal operation 

3.5  
battery - non-sealed 
a battery with removable caps or other provision for addition of water and/or electrolyte 

3.6  
battery - valve regulated 
a sealed battery with provision for the release of excessive pressure under abnormal 
conditions 

3.7  
bipolar photovoltaic (PV) array 
a photovoltaic array that consists of two interconnected arrays where one output connection 
of one array is connected to the opposite polarity output connection of the other array to 
create a common electrical node, similar to a centre-tapped transformer 

3.8  
clearance 
shortest distance in air between two conductive parts 

3.9  
closed electrical operating area 
room or location for electrical equipment to which access is restricted to skilled or instructed 
persons by the opening of a door or the removal of a barrier by the use of a key or tool and 
which is clearly marked by appropriate warning signs 

3.10  
comparative tracking index (CTI) 
the voltage, as determined under the conditions specified in IEC 60112, that causes a 
permanent electrically conductive carbon path with the application of 50 drops of electrolyte 
that is applied at the rate of one drop every 30 s to the specimen 
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3.11  
creepage distance 
shortest distance along the surface of the insulating material between two conductive parts  

[IEV 151-03-37] 

3.12  
decisive voltage 
the decisive voltage of a circuit is the highest voltage which occurs continuously between any 
two arbitrary live parts of the PCE during worst-case rated operating conditions when used as 
intended (see Decisive Voltage Class limits in  7.3.2) 

3.13  
decorative part 
a part of the equipment, outside the enclosure, which has no safety function 

3.14  
direct plug-in equipment 
equipment with a mains plug that is part of the equipment so that the equipment is supported 
by the mains receptacle 

3.15  
double insulation 
insulation comprising both basic insulation and supplementary insulation 

[IEV 195-06-08] 

3.16  
DVC A 
decisive voltage classification (DVC) A as defined in  7.3.2 

3.17  
DVC B 
decisive voltage classification (DVC) B as defined in  7.3.2 

3.18  
DVC C 
decisive voltage classification (DVC) C as defined in  7.3.2 

3.19  
enclosure 
a part of the equipment which surrounds internal parts, intended to provide protection against 
external influences, against the spread of fire, or against access to hazards 

3.20   
environmental category 
the set of ambient conditions to which the PCE is exposed in its installation, as defined in 
Clause  6 

3.21  
equipotential bonding 
provision of electric connections between conductive parts, intended to achieve 
equipotentiality 

[IEV 195-01-10] 

NOTE The effectiveness of the equipotential bonding may depend on the frequency of the current in the bonding. 
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3.22  
equipotential bonding conductor 
conductor electrically connecting metal parts to provide equipotential bonding 

3.23  
EUT 
equipment under test 

3.24  
Extra Low Voltage (ELV) 
voltage not exceeding the relevant voltage limit of band I specified in IEC 60449  

[IEV 826-12-30] 

NOTE 1 In IEC 60449 band I is defined as not exceeding 50 V a.c. r.m.s. and 120 V d.c. 

NOTE 2 In this international standard, protection against electric shock is dependent on the decisive voltage 
classification.  

3.25  
fire enclosure 
a part of the equipment which surrounds internal parts, intended to minimize the spread of fire 
or flaming materials from within 

3.26  
fixed equipment 
equipment fastened to a support, or otherwise secured in a specific location  

[IEV 826-07-07] 

3.27  
flammability classification of materials 
the recognition of the burning behaviour of materials and their ability to extinguish if ignited. 
Materials are classified as in the definitions in this standard, when tested in accordance with 
IEC 60695-11-10, IEC 60695-11-20, ISO 9772 or ISO 9773 

NOTE 1 When applying the requirements in this standard, HF-1 class foamed materials are regarded as better 
than those of class HF-2, and HF-2 better than HBF. 

NOTE 2 Similarly, other materials, including rigid (engineering structural) foam of class 5VA are regarded as better 
than those of class 5VB, 5VB better than V-0, V-0 better than V-1, V-1 better than V-2, V-2 better than HB40 and HB40 
better than HB75. 

NOTE 3 Similarly, other materials of class VTM-0 are regarded as better than those of class VTM-1 and VTM-1 
better than VTM-2. 

NOTE 4 Materials of flammability classes VTM-0, VTM-1 and VTM-2 are considered to be equivalent to materials of 
flammability classes V-0, V-1 and V-2, respectively, but only for their flammability properties. Their electrical and 
mechanical properties are not necessarily equivalent. 

3.28  
functional earth terminal 
terminal by which electrical connection is made to a part or circuit for any functional purpose 
other than safety 

3.29  
functional insulation (FI) 
insulation that is necessary only for the correct operation of the equipment 

NOTE Functional insulation by definition does not protect against electric shock. It may, however, reduce the 
likelihood of ignition and fire. 
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3.30  
hand-held equipment 
portable equipment intended to be supported by one hand during normal use 

3.31  
hazard 
potential source of harm from any of the mechanisms covered by this standard, such as risk 
of electric shock, risk of fire, etc. 

3.32  
hazardous energy level 
an available power level of 240 VA or more having a duration of 60 s or more, or a stored 
energy level of 20 J or more (for example, from one or more capacitors), at a potential of 2 V 
or more (see  7.4.1) 

3.33  
hazardous live 
capable of rendering an electric shock or electric burn. A circuit or a part that is either a shock 
or energy hazard as described in Clause  7 

3.34  
hazardous voltage 
a voltage exceeding the limits for shock hazard in  7.3 

3.35  
homogeneous field (distribution)  
a homogeneous field is an electric field which has an essentially constant voltage gradient 
between electrodes (uniform field), such as that between two spheres where the radius of 
each sphere is greater than the distance between them 

3.36  
indoor, unconditioned 
equipment environmental classification in which the PCE is fully covered by a building or 
enclosure to protect it from direct rain, sun, wind-blown dust, fungus, and radiation to the cold 
night sky, etc,, but the building or enclosure is not conditioned in terms of temperature, 
humidity or air filtration, and the equipment may experience condensation 

3.37  
indoor, conditioned 
equipment environmental classification in which the PCE is fully covered by a building or 
enclosure to fully protect it from rain, sun, wind-blown dust, fungus, and radiation to the cold 
night sky, etc,, and the building or enclosure is generally conditioned in terms of temperature, 
humidity and air filtration. Condensation is not expected 

3.38  
inhomogeneous distribution (of an electric field)  
inhomogeneous distribution of an electric field refers to a field which does not have an 
essentially constant voltage gradient between electrodes (non-uniform field) 

3.39  
Isc PV 
absolute maximum total PV array short circuit current (d.c.) that the PCE is rated to have 
connected to its PV input, under worst-case conditions of ambient temperature, irradiance, 
etc. 

NOTE This rating of the PCE refers to the absolute maximum current the PV input to the PCE is designed for 
under conditions of expected use. This differs from the simple sum of the marked Isc ratings of the connected PV 
modules, since those markings are based on short-circuit conditions under standard test conditions, and may be 
exceeded in cold temperatures or with irradiance above the standard level.  
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3.40  
limited power source 
a source complying with the requirements in  9.2 of this standard 

3.41  
live parts 
conductor or conductive part intended to be energized in normal use, including a neutral 
conductor 

3.42 low voltage 
a set of voltage levels used for the distribution of electricity and whose upper limit of the line-
to-line or line-to-neutral voltage is 1 000 V a.c. or 1 500 V d.c. 

3.43  
mains 
low-voltage a.c. electricity supply system to which the PCE is designed to be connected 

3.44  
mains circuit 
circuit which is intended to be conductively connected to the mains 

3.45  
neutral 
current-carrying conductor, terminal, or circuit point which is intentionally bonded to earth 

NOTE The terms earthed neutral and grounded conductor are also in common use. In this standard, the term 
neutral refers to any power circuit (mains, PV, battery, etc.) not just the mains. 

3.46  
normal condition 
condition in which all means for protection against hazards are intact and the PCE is installed 
and operated in accordance with its ratings and installation instructions 

3.47  
normal use 
operation, including stand-by, according to the instructions for use or for the obvious intended 
purpose 

NOTE In most cases, normal use also implies normal condition, because the instructions for use will warn against 
using the equipment when it is not in normal condition. 

3.48  
operator 
person operating equipment for its intended purpose 

3.49  
operator access area 
a part of the PCE to which, under normal operating conditions, one of the following applies: 

– access can be gained without the use of a tool, or 
– the means of access is deliberately provided to the operator, or 
– the operator is instructed to enter regardless of whether a tool is needed to gain access. 

3.50  
outdoor 
equipment environmental classification in which the PCE is fully or partly exposed to direct 
rain, sun, wind, dust, fungus, ice, condensation, radiation to the cold night sky, etc., and to 
the full range of outdoor temperature and humidity; wet location requirements apply 
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3.51  
overvoltage category (OVC) 
numeral designation defining a classification of transient overvoltage conditions  

[IEC 60664-1] 

NOTE 1 See  7.3.7.1.2 for a description of the four overvoltage categories.  

NOTE 2 A transient overvoltage is defined as a ‘short duration overvoltage of a few milliseconds or less, 
oscillatory or non-oscillatory, usually highly damped’ [IEV 604-03-13]. It should not be confused with a temporary 
overvoltage (swell), which is defined as a ‘power frequency overvoltage of relatively long duration’ [IEV 616-01-16]. 

3.52  
partial discharge extinction voltage (Ue) 
lowest peak value of the test voltage at which the apparent charge becomes less than the 
specified discharge magnitude when the test voltage is reduced below a high level where 
such discharges have occurred (IEC 60664-1) 

NOTE For a.c. tests the r.m.s. value may be used. 
3.53  
permanently connected  
electrically connected by means which can be detached only by the use of a tool 

3.54  
PELV system 
electric system in which the voltage cannot exceed the value of extra low voltage:  

– under normal conditions and 
– under single fault conditions, except earth faults in other electric circuits  

NOTE PELV is the abbreviation for protective extra low voltage. 

[IEV 826-12-32] 

3.55  
photovoltaic (PV) 
relating to the conversion of light directly into electrical energy 

3.56  
photovoltaic (PV) array 
an assembly of components such as photovoltaic panels, cables, connectors, combiners, etc., 
that produces and supplies d.c. electricity by the conversion of solar energy 

3.57  
pluggable equipment type A 
equipment which is intended for connection to the building installation wiring via a non-
industrial plug and socket-outlet or a non-industrial appliance coupler, or both 

3.58  
pluggable equipment type B 
equipment which is intended for connection to the building installation wiring via an industrial 
plug and socket-outlet or an appliance coupler, or both, complying with IEC 60309 or with a 
comparable national standard 

NOTE PV circuits that use connectors are considered pluggable type B or fixed equipment. 

3.59  
pollution 
addition of foreign matter, solid, liquid or gaseous (ionized gases), that may produce a 
reduction of dielectric strength or surface resistivity 
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3.60  
pollution degree 
classification scheme describing the extent of expected pollution in a micro-environment in or 
around the equipment 

3.61  
pollution degree 1 
no pollution or only dry, non-conductive pollution occurs. The pollution has no influence 

3.62  
pollution degree 2 
normally only non-conductive pollution occurs. Occasionally, however, a temporary 
conductivity caused by condensation must be expected 

3.63  
pollution degree 3 
conductive pollution occurs, or dry, non-conductive pollution occurs which becomes 
conductive due to condensation which is expected 

3.64  
port 
location giving access to a device or network where electromagnetic energy or signals may be 
supplied or received or where the device or network variables may be observed or measured  

3.65  
portable equipment 
pluggable equipment intended to be moved from place to place 

3.66 power conversion equipment (PCE) 
an electrical device converting one kind of electrical power from a voltage or current source 
into another kind of electrical power with respect to voltage, current and frequency 

NOTE Examples include AC-DC converters, DC-AC inverters, DC-DC charge controllers, frequency converters, 
etc.  

3.67  
protective bonding 
electrical connection of accessible conductive parts or of protective screening to provide 
electrical continuity to the protective conductor terminal 

3.68  
protective bonding conductor 
a conductor used to interconnect accessible conductive parts or protective screening for the 
purpose of protective bonding 

3.69  
protective class I 
protection against electric shock by means of basic insulation and protective earthing of 
accessible conductive parts, so that accessible conductive parts cannot become live in the 
event of a failure of the basic insulation 

3.70  
protective class II 
protection against electric shock that does not rely on basic insulation only, but in which 
additional safety precautions such as double insulation or reinforced insulation are provided, 
there being no provision for protective earthing or reliance upon installation conditions 
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3.71  
protective class III 
equipment in which protection against electric shock relies upon supply from decisive voltage 
classification A circuits and in which hazardous voltages are not generated 

NOTE For class III equipment, although there is no requirement for protection against electric shock, all other 
requirements of the standard apply. 
3.72  
protective earthing 
connection of a point in the equipment, system, or installation to earth, for protection against 
electric shock in case of a fault 

3.73  
protective earthing conductor 
a conductor used to connect an equipment, system, or installation to earth, for protection 
against electric shock in case of a fault 

3.74  
protective conductor terminal 
terminal which is bonded to conductive parts of an equipment for safety purposes and is 
provided for the connection of a protective earthing conductor 

3.75  
protective impedance 
component, assembly of components or the combination of basic insulation and a current or 
voltage-limiting device, whose impedance, construction and reliability are such that, when 
connected between accessible conductive parts and parts which are hazardous live, it 
provides protection to the extent required by this standard in normal condition and single fault 
condition 

3.76  
protective separation 
a construction means to maintain the separation between circuits of different protection levels 
even in the event of a single fault as described in 7.3.3 

NOTE Protective separation is a separation between circuits by means of basic and supplementary protection 
(basic insulation plus supplementary insulation or protective screening) or by an equivalent protective provision (for 
example, reinforced insulation or protective impedance). 

3.77  
rated 
value assigned, generally by a manufacturer, to a specified operating condition of a 
component, device or equipment  

[IEV 151-04-03] 

3.78  
rating 
set of rated values and operating conditions  

[IEV 151-04-04] 

3.79  
reference test conditions 
the electrical, operating, and environmental conditions under which testing is to be performed, 
as specified in  4.2.2 
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3.80  
reinforced insulation 
single insulation system applied to live parts, which provides a degree of protection against 
electric shock equivalent to double insulation under the conditions specified 

NOTE A single insulation system does not imply that the insulation must be one homogeneous piece. It may 
comprise several layers which cannot be tested singly as basic or supplementary insulation. 

3.81  
residual-current 
vector sum of the currents flowing in the normally current carrying conductors of a mains 
circuit, expressed as an r.m.s. value 

3.82  
responsible body 
individual or group responsible for the use and maintenance of equipment and for ensuring 
that operators are adequately trained 

3.83  
risk 
a combination of the probability of the occurrence of harm and the severity of that harm 

3.84  
routine test 
test to which each individual device (equipment) is subjected during or after manufacture to 
ascertain whether it conforms to certain criteria  

[IEV 151-04-16, modified] 

3.85  
safety interlock 
a means either of preventing access to a hazardous area until the hazard is removed, or of 
automatically removing the hazardous condition when access is gained 

3.86  
sample test 
tests on a number of devices taken at random from a production batch 

3.87  
secondary circuit 
a circuit which has no direct connection to a mains circuit and derives its power from a 
transformer, converter or equivalent isolation device, or from a battery or other power source 
not connected to the mains (e.g. the PV circuit in isolated PCE) 

3.88  
SELV system 
electric system in which the voltage cannot exceed the value of extra low voltage:  

– under normal conditions and 
– under single fault conditions, including earth faults in other electric circuits  

NOTE SELV is the abbreviation for safety extra low voltage.  

[IEV 826-12-31] 

3.89  
service personnel 
a person having appropriate technical training and experience necessary to be aware of 
hazards to which that person may be exposed in performing a task and of measures to 
minimize the risks to that person or other persons 

Full document details: BS EN 62109-1:2010

http://www.avadocuments.com/doc/bs-en-62109-1-2010
http://www.avadocuments.com/doc/bs-en-62109-1-2010


BS EN 62109-1:2010

 – 24 – 62109-1 © IEC:2010(E) 

3.90  
simple separation 
separation between electric circuits or between an electric circuit and local earth by means of 
basic insulation  

[IEV 826-12-28]  

3.91  
single fault condition 
condition in which one means for protection against hazard is defective or one fault is present 
which could cause a hazard 

NOTE If a single fault condition results in other subsequent failures, the set of failures is considered as one single 
fault condition. 

3.92  
supplementary insulation 
independent insulation applied in addition to basic insulation in order to provide protection 
against electric shock in the event of a failure of basic insulation 

3.93  
terminal 
a component provided for the connection of a device (equipment) to external conductors  

[IEV 151-01-03, modified] 

NOTE Terminals can contain one or several contacts and the term therefore includes sockets, connectors, etc. 

3.94  
tool 
a screwdriver, coin, key, or any other object that is used to operate a screw, latch, or similar 
fastening means 

3.95  
transportable equipment 
equipment with a mass of less than 18 kg that is not fixed equipment and is intended to be 
routinely carried by a user 

3.96  
type test 
test of one or more samples (prototypes) of equipment (or parts of equipment) made to a 
particular design, to show that the design and construction meet one or more requirements of 
this standard  

[IEV 151-04-15, modified] 

NOTE This is an amplification of the IEV 151-04-15 definition to cover both design and construction requirements. 

3.97  
Vmax PV 
maximum rated d.c. input voltage the PCE is designed to withstand from the PV array (i.e. 
maximum open-circuit voltage) under worst-case conditions of ambient temperature, 
irradiance, etc. 

3.98  
wet location 
location where water or another conductive liquid may be present and is likely to cause 
reduced human body impedance due to wetting of the contact between the human body and 
the equipment, or wetting of the contact between the human body and the environment 
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3.99  
working voltage 
voltage which occurs by design in a circuit or across insulation, when the PCE is operated 
under the worst case combination of highest and lowest rated voltages for each port, and 
under worst-case normal operating conditions. See  7.3.2.6  

4 General testing requirements 

4.1 General 

Testing is required by this standard to demonstrate that the EUT is fully in accordance with 
the applicable requirements of this standard. This clause of this standard provides: 

– general conditions and requirements under which testing shall be carried out; 
– some of the actual tests required to be performed, where those tests are general in 

nature and are not specifically related to one particular type of hazard (for example 
thermal tests). 

Other test requirements that are specific to a particular type of hazard are located in the 
appropriate clause elsewhere in this standard. 

Tests on subassemblies of the equipment meeting the requirements of the relevant reference 
standards specified in this standard, and used in accordance with them and in conditions not 
more severe than those applied during testing to determine compliance with the reference 
standards, need not be repeated during type tests of the whole equipment. 

To ensure that equipment will not become hazardous in expected humidity conditions, as 
specified in Table 4, the EUT is to be subjected to humidity preconditioning according to  4.5 
before certain tests, where specified elsewhere in this standard. 

Where a measured value is close to a compliance limit,  analysis of the measurement 
uncertainty shall be done to determine compliance. 

Compliance with the requirements of this standard is checked by carrying out all applicable 
tests in this standard, except that a test may be omitted if examination of the equipment 
demonstrates conclusively that the equipment would pass the test.  

Tests are carried out under reference test conditions (see  4.2.2), and tests under both normal 
and single fault conditions are specified. 

4.2 General conditions for testing 

4.2.1 Sequence of tests  

The sequence of tests is optional unless otherwise specified in this standard. The EUT shall 
be carefully inspected for damage creating a possible hazard in the meaning of this standard, 
after each test. The same sample need not be used for all tests unless otherwise specified in 
this standard. 

4.2.2 Reference test conditions 

4.2.2.1 Environmental conditions 

Unless otherwise specified in this standard, for example with regard to environmental 
category as defined in  6.1, the following ambient environmental conditions shall exist in the 
test location: 

a) temperature of 15 °C to 40 °C; 
b) a relative humidity of not more than 75 % and not less than 5 %; 
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c) an air pressure of 75 kPa to 106 kPa; 
d) no frost, dew, percolating water, rain, solar radiation, etc. 

4.2.2.2 State of equipment 

The product being subjected to type tests shall be physically and electrically representative of 
the future production products such that the evaluations per this standard adequately 
represent future production units. 

Unless otherwise specified, each test shall be carried out on the equipment assembled for 
normal use and under the least favorable combination of the conditions given in  4.2.2.1 to 
 4.2.2.10. If it is impractical to carry out particular tests on a complete EUT, tests on 
subassemblies are allowed, provided it is verified that the assembled equipment will meet the 
requirements of this standard.   

4.2.2.3 Position of equipment 

The equipment shall be installed in accordance with the manufacturer’s instructions, in the 
configuration that results in the worst-case test conditions. Consideration shall be given to 
effects of ventilation, building into a wall, recess, cabinet, etc., installation in close proximity 
to structures, other equipment, etc. 

4.2.2.4 Accessories 

Accessories and operator-interchangeable parts available from, or recommended by, the 
manufacturer for use with the EUT shall be either connected or not connected, whichever is 
least favorable. 

4.2.2.5 Covers and removable parts 

Covers or parts, which can be removed without using a tool, shall be removed or not 
removed, whichever is least favorable. 

4.2.2.6 Mains supply 

Tests for which the outcome will not be significantly affected by the mains supply conditions, 
may be carried out at any rated supply conditions. For tests for which the outcome may be 
significantly affected by mains supply conditions, the test shall be performed at the worst-
case mains supply condition or conditions, taking into consideration multiple rated conditions 
and tolerances on rated conditions, as specified below 

a) Voltage: Tolerance shall be taken as 90 % to 110 % of the rated voltage(s), unless a 
wider range is given in the specifications for the EUT in which case the wider range is 
used. If the EUT will not operate across the full 90 % to 110 % range, the tolerance is 
taken as specified operating range. Testing under nominal supply conditions, or at 
supply conditions between the ends of the ranges, is only necessary if testing at the 
ends of the ranges is not worst-case. 

b) Frequency: Multiple rated frequencies are to be taken into account (e.g. 50 Hz versus 
60 Hz), but tolerances around these frequencies do not normally need to be 
considered. 

c) Polarity: For pluggable equipment type A, consideration is to be given to connection in 
both normal and reverse polarity conditions, if the outcome of a particular test could be 
affected. 

d) Earthing: The test supply shall be earthed or not according to the intended supply 
configuration for the equipment under test. For equipment that may be supplied from 
either an earthed or un-earthed supply system, the supply system used shall be that 
which provides a worst-case test condition, or tests shall be done in both 
configurations.    
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e) Over-current Protection: Inputs shall be provided with the over-current protection that 
will be present in the installation, and this protection shall not operate during any tests 
in normal conditions, but is allowed to operate to protect the system during tests in 
single fault conditions.   

4.2.2.7 Supply ports other than the mains 

Tests shall be performed at the least favorable combination of supply conditions, within the 
rated range(s) for each supply port, considering voltage, frequency, polarity, earthing, and 
any other normal condition, where these considerations could affect the outcome of the test. 

Inputs shall be provided with the over-current protection that will be present in the installation, 
and this protection shall not operate during any tests in normal conditions, but is allowed to 
operate to protect the system during tests in single fault conditions.   

For PV and battery inputs, the following additional requirements apply: 

4.2.2.7.1 Photovoltaic supply sources 

Where the results of a test could be affected by the voltage versus current characteristic of 
the supply, the PV source used shall simulate the voltage versus current characteristic of the 
largest PV array for which the equipment is rated, with regard to open circuit voltage (VMAX 
PV) and short-circuit current (Isc PV).  

Tests performed under abnormal or fault conditions shall be tested with a source capable of 
1,25 to 1,5 times the PCE rated maximum input current (Isc PV) for that input. If provided, any 
included or specified PCE overcurrent protective devices shall not be altered or changed. 

NOTE When selecting test conditions for the PV supply, consideration has to be given to the characteristic of PV 
arrays: when maximum voltage is available, the available current is at a minimum, and when maximum current is 
available, the voltage is at a minimum. It is not expected that any test should be run with both the PV source 
current and voltage at their maximum values. 

4.2.2.7.2 Battery inputs 

Battery inputs may be supplied from either a d.c. power supply or from a battery bank, except 
that for fault testing, where the magnitude of the available fault current could affect the results 
of the test, a battery bank of the size normally used with the product shall be used. 

4.2.2.8 Conditions of loading for output ports 

Tests shall be performed under the least favorable loading conditions, within the rated 
range(s) for each port, considering voltage, frequency, polarity, earthing, load current and 
type, and any other normal condition, where these considerations could affect the outcome of 
the test. An a.c. output port shall be loaded with linear load(s) to obtain the maximum rated 
output power or current, whichever is least favourable. A d.c. output port (for example a 
battery charging output or a d.c. load port) shall be loaded with resistive load(s) to obtain the 
maximum rated output power or current, whichever is least favourable. For ports intended for 
connection to a battery, a battery shall be used in place of or in parallel with the load, if the 
test results could be affected. 

Unless otherwise specified in this standard, loading conditions are to be maintained for a 
length of time as follows: 

– for continuous operation ratings, until steady conditions are established, except that for a 
test for which the only source of power is the PV input, testing is limited to 7 h at full 
power (to approximate a single solar day); 

– for intermittent operation ratings, cycling until steady conditions are established, using the 
rated "ON" and "OFF" periods; 

– for short-term operation ratings, for the rated operating time. 
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4.2.2.9 Earthing terminals 

A protective conductor terminal, if provided, shall be connected to earth. A functional earth 
terminal shall be connected or not connected to earth, whichever is least favourable. 

4.2.2.10 Controls  

Controls which the operator can adjust shall be set to any position except that  

a) mains selection devices shall be set to the correct value unless otherwise noted in this 
standard; 

b) combinations of settings shall not be made if they are prohibited by the manufacturer’s 
instructions provided with the equipment. 

4.2.2.11 Available short circuit current  

Where the results of a test could be affected, the short circuit current sourcing capability of 
the source used during testing shall be taken into consideration. Where high available short 
circuit current is considered to be the worst-case test condition, the capability of the source 
shall not be less than the maximum short-circuit current the PCE is rated for.  

NOTE For some tests, less than maximum short circuit current may be worst-case, if, for example, it results in 
longer test duration.  

4.3 Thermal testing 

4.3.1 General  

This subclause specifies requirements intended to prevent hazards due to: 

– touchable parts exceeding safe temperatures; and 
– components, parts, insulation and plastic materials exceeding temperatures which may 

degrade safety-related electrical, mechanical, or other properties during normal use over 
the expected life of the equipment; and 

– structures and mounting surfaces exceeding temperatures which may degrade the 
materials over the expected life of the equipment. 

4.3.2 Maximum temperatures 

4.3.2.1 General 

Materials and components shall be selected so that under the most severe rated operating 
conditions, the temperatures do not exceed the temperature limits below. 

Compliance is verified by measuring temperatures under the conditions given in  4.2 for each 
rated operating condition or mode of the PCE that could affect the resulting temperatures. 

The temperature limits specified below are total temperature limits (not temperature rise 
limits).  

Tests of equipment rated for use in ambient temperatures up to 50 °C may be conducted at 
any ambient temperature in the range given in  4.2.2.1, in which case the difference between 
the maximum rated ambient temperature and the actual test ambient is to be subtracted from 
or added to (as appropriate) the measured temperatures for comparison to the limits specified 
below. 

PCE rated for use in ambient temperatures more than 50 °C shall be tested at the maximum 
rated ambient temperature ± 5 °C. The difference between the maximum rated ambient 
temperature and the test ambient is to be subtracted from or added to (as appropriate) the 
measured temperatures for comparison to the limits specified below. 
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PCE with different output ratings or with automatic derating for different ambient temperatures 
shall be tested under as many conditions as are necessary to record worst-case 
temperatures, including at least the maximum ambient before derating, and the maximum 
ambient with derating. 

During thermal testing within normal conditions protective devices other than automatic output 
derating systems shall not operate. 

Temperatures are to be measured by thermocouples, except that for transformers, inductors, 
and other coils the change of resistance method may be used. 

Temperatures determined by the rise-of-resistance method shall use the formula 

T = R2/R1 ( k + t1 ) – ( k + t2 ) 

where 

T is the temperature rise in °C 

R1 is the resistance of the coil at the beginning of the test 

t1  is the  room temperature in °C at the beginning of the test 

R2 is the resistance of the coil at the end of the test 

t2  is the room temperature in °C at the end of the test  

k = 234,5 for copper  

k =  225,0 for aluminum 

For other materials the correct value for the constant “k” shall be used. 

Limits: 

– for coils and their insulation systems, the temperature limits in Table 1 apply 
– for other components the measured temperatures shall not exceed the lower of: 

– the limits in the applicable IEC component standards 
– the component or material manufacturer’s rated operating temperature 
– if neither of the above exists, temperature limits are given in Table 2. 
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Table 1 – Total temperature limits for transformers, inductors, 
and other coils and their insulation systems 

Class of insulation 
(see IEC 60085) 

Limits for surface mounted 
thermocouple measurements 

°C 

Limits for resistance method and 
multiple embedded thermocouple 

measurements 
°C 

Class A (105 °C) 90  95  

Class E (120 °C) 105  110  

Class B (130 °C) 110  120  

Class F (155 °C) 130  140  

Class H (180 °C) 150  160  

Class N (200 °C) 165  175  

Class R (220 °C) 180  190  

Class S (240 °C) 195  205 

NOTE Surface mounted thermocouples are assumed to not be located on the hot-spot, but will be 
typically attached to the core, coil, and insulation that is accessible on a completed part. Multiple 
embedded thermocouples, where the thermocouples are attached during winding of the part, are more 
likely to record hot-spot temperatures. The resistance method gives an average temperature for the 
specific winding whose resistance rise was measured. 

 
Table 2 – Total temperature limits for materials and components where manufacturer’s 

ratings and component standards do not exist (see  4.3.2.1) 

Materials and components  Limit 

°C 

Capacitors - electrolytic types 65  

Capacitors - other than electrolytic types 90 

Wiring terminals for external connections1 60  

Any point on or within a wiring compartment which external conductors are able to contact1 60 

Insulated conductors internal to the PCE rated temperature 

Fuses 90 

Printed circuit boards 105 

Insulating materials 90  
1 The temperature observed on the terminals and at points within a terminal box or wiring component of a unit is able 
to exceed the values specified if the marking of  5.1.9 requires wiring of a suitably high temperature rating. In this case, 
measured temperatures on the terminals and wiring compartment are limited to the temperature rating of the wiring 
required by the marking. 

 

4.3.2.2 Touch temperatures 

In order to limit the touch temperatures of accessible parts of PCE, the maximum temperature 
for accessible parts of the PCE shall be in compliance with Table 3. 

It is permitted that accessible parts that are required to get hot as part of their intended 
function (for example heatsinks) may have temperatures up to 100 °C, if the parts are marked 
with the hot surface marking of symbol 14 of  Annex C. For products only for use in a closed 
electrical operating area the 100 °C limit does not apply. 

These limits are in addition to the applicable limits in  4.3.2.1. 
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Table 3 – Total touch temperature limits for accessible surfaces 

Limit 

°C 
Part 

Metal 
Glass, 

porcelain, and 
other vitreous 

materiala 

Plastic and 
rubbera 

User operated devices (knobs, handles, switches, 
displays, etc.) which are continuously held in normal 
use 

55 65 75 

User operated devices (knobs, handles, switches, 
displays, etc.) which are held for short periods only in 
normal use 

60 70 85 

Enclosure parts accessible to user by casual contact. 70 80 95 
a Nonmetallic materials shall not be used above their temperature ratings. 

Compliance is checked by the testing in  4.3.2.1. 

4.3.2.3 Temperature limits for mounting surfaces 

In order to protect against long-term degradation of building materials, surfaces of the PCE 
that will be in contact with the mounting surface shall not exceed a maximum total 
temperature of 90 °C. 

This limit is in addition to the applicable limits in  4.3.2.1 and  4.3.2.2. 

Compliance is checked by the testing in  4.3.2.1 with the PCE mounted according to the 
manufacturer’s instructions, on a softwood surface. 

4.4 Testing in single fault condition 

4.4.1 General 

Testing in single fault condition is done to determine that no hazards result from reasonably 
expected fault conditions that may arise in normal service or from reasonably expected 
misuse. 

Fault testing shall be done unless it can be conclusively demonstrated that no hazards could 
arise from a particular fault condition, or unless alternative methods of checking compliance 
are specified in this standard in place of fault testing.  

Compliance is checked by applying the criteria of  4.4.3 after each of the tests specified in 
 4.4.4 under the conditions specified in  4.4.2. 

4.4.2 Test conditions and duration for testing under fault conditions 

4.4.2.1 General 

The equipment shall be operated under the combination of conditions in  4.2, which is least 
favourable for the particular fault test being performed. 

NOTE When configuring sources for fault testing, consideration shall be given to the fact that for some fault tests, 
a source limited to less than the maximum rated current or power of that input of the PCE may be more severe than 
if a maximum rated current source was used. Test duration may be longer, and heating in the fault path may be 
more severe under limited conditions. For example on a PV input, it may be more severe to test with a simulated 
array limited to less than Isc PV. 

Fault conditions are to be applied only one at a time and shall be applied in turn in any 
convenient order. Multiple simultaneous faults shall not be applied, but a subsequent fault 
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may arise as a consequence from an applied fault. Separate samples of the EUT may be used 
for each separate fault test applied, or the same sample may be used for many tests if 
damage from previous fault tests has been repaired or will not affect the results of further 
tests.  

4.4.2.2 Duration of tests 

The equipment shall be operated until further change as a result of the applied fault is 
unlikely, as determined by (for example) opening of a device that removes the influence of the 
fault, stabilization of temperatures, etc. 

If a non-resettable, manual, or automatically resetting protective device or circuit operates in 
such a way as to interrupt or mitigate the fault condition, the test duration is as follows: 

– automatic reset devices or circuits: allow the protection to cycle on and off until no 
further change as a result of the applied fault is likely, until the ultimate result is 
obtained, or until temperatures stabilize; 

– manual reset devices or circuits: three cycles, with the device or circuit reset as soon 
as possible after tripping; 

– non-resettable devices or circuits: one cycle. 

4.4.3 Pass/fail criteria for testing under fault conditions 

4.4.3.1 Protection against shock hazard  

Compliance with requirements for protection against electric shock is checked during and 
after the application of single faults as follows: 

a) by making measurements to check that no accessible DVC-A circuits have become 
shock-hazardous using the steady state limits for DVC-A in  Table 6 and the short-term 
limits of  7.3.2.3, and that such circuits remain separated from live parts at voltages 
greater than DVC A with at least basic insulation. Compliance is checked by the test of  
 7.5.2 (without humidity preconditioning) for basic insulation; and 

b) by performing a dielectric strength test as per  7.5.2 (without humidity preconditioning) 
in the following cases: 
i) on reinforced or double Insulation, using the test level for basic insulation, and  
ii) on basic insulation in protective class I equipment, using the test level for basic 

insulation, unless it can be determined that the fault did not result in any damage to 
the protective earthing conductor or terminal, or to protective bonding means; and 

c) by inspection to ensure a fuse connected between the protective earthing terminal and 
the protective earthing conductor in the test setup has not opened; the fuse shall be 
rated 3 A non-time-delay (for equipment rated for use on circuits protected by 
overcurrent protection rated 30 A or less) or 30 A to 35 A non-time-delay (for 
equipment rated for use on circuits protected by overcurrent protection rated more than 
30 A); the enclosure is not to be contacting earth in any other location during the 
testing; and 

d) by inspection of the enclosure to ensure that no damage has resulted that allows 
access to parts that are hazardous live.  

4.4.3.2 Protection against the spread of fire 

Compliance with requirements for protection against the spread of fire is checked by placing 
the equipment on white tissue-paper covering a softwood surface and covering the equipment 
with cheesecloth or surgical cotton during the fault testing. As an alternative, the cheesecloth 
or surgical cotton may be placed only over the openings of large equipment.  

There shall be no emission of molten metal, burning insulation, or flaming or glowing particles 
from the fire enclosure, and there shall be no charring, glowing, or flaming of the tissue paper 
or cheesecloth, or glowing or flaming of surgical cotton. 
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4.4.3.3 Protection against other hazards 

Compliance with requirements for protection against other hazards after application of the 
fault tests is checked as specified elsewhere in this standard. 

4.4.3.4 Protection against parts expulsion hazards 

Failure of any component within the PCE shall not release parts outside the PCE enclosure 
with sufficient energy to lead to a hazard, for example, expulsion of material into an area 
occupied by personnel. 

4.4.4 Single fault conditions to be applied 

4.4.4.1 Component fault tests 

Circuit analysis shall be performed to identify components (including insulation systems) 
whose failure would result in a fire or electric shock hazard. The analysis shall include the 
effect of short-circuit and open-circuit conditions of the component. Based on the analysis, 
faults shall be applied to relevant components in a manner that simulates the manner in which 
faults would occur in use. Components need only be faulted in a single mode (short-circuit or 
open-circuit), unless they do not have a predominant mode of failure.  

Faults shall be applied using a switching device connected to the terminals of the component 
or port under test. Conductors used shall be as short as possible and of a cross-section 
approximately equal to that of the component leads, or equal to the largest conductor size 
that is specified in the instructions to be used to connect to the port. The switching device for 
a short-circuit test shall be of adequate current-carrying capacity and low enough impedance 
(relative to the conductors) to not significantly limit the current flow. 

The PCE shall be operating before application of the fault, unless analysis shows that starting 
operation with the fault already applied will result in worst-case testing. 

NOTE 1 In some cases both tests may be required. 

The following faults are simulated: 

a) Short circuit or open circuit of relevant components.  
b) Short circuit or open circuit of any components or insulation where failure could 

adversely affect supplementary insulation or reinforced insulation. 
c) In addition, where required by Method 2 of  9.1.1, components that could result in a fire 

hazard are to be overloaded unless they comply with the requirements of  9.1.3. 

NOTE 2 An overload condition is any condition between normal load and maximum current condition up to short 
circuit. 

NOTE 3 The component fault testing does not need to include components for which equivalent testing is 
accomplished during other fault tests, such as output short-circuit tests. 

4.4.4.2 Equipment or parts for short-term or intermittent operation 

Components such as motors, relays, other electromagnetic devices and heaters, which are 
normally operated only intermittently, shall be operated continuously if continuous operation 
could occur in a single fault condition.  

4.4.4.3 Motors 

Motors shall be stopped while fully energized or prevented from starting, whichever is less 
favorable. 
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4.4.4.4 Transformer short circuit tests 

The output windings of transformers shall be short-circuited one at a time. A transformer 
damaged during one test may be repaired or replaced before the next test. 

4.4.4.5 Output short circuit 

Each power output port of the PCE, and each section of a tapped output, shall be tested one 
at a time, to simulate short circuits in the load or wiring. Overcurrent protection devices as 
provided in the PCE or as specified in the installation instructions, shall be fitted during the 
test. All other outputs are loaded or not loaded, whichever load condition of normal use is less 
favorable.  

Testing is required to be performed on all combinations of terminals for the port under 
consideration, two at a time, including neutral and earth terminals, and one test with all 
current-carrying terminals of the port shorted together at once. Where analysis shows that the 
test for one combination is representative of other combinations, tests may be omitted.   

In addition to the requirements of  4.4.3, the short-circuit currents are to be recorded and if 
they exceed the maximum rated current of the circuit, the maximum measured current shall be 
provided in the installation manual for the purpose of coordination of overcurrent protection of 
the external circuit conductors (see  5.3.2).  

The value(s) to be recorded and to be provided with the PCE instructions are the peak 
current, and the highest of the RMS current values measured or calculated over a time period 
as follows: 

a) for AC signals, 3 cycles of the nominal AC frequency for the port under consideration, in 
which case the value is to be stated as the 3-cycle RMS value; 

b) for all signals, the duration of the short circuit from the time the short circuit is applied, until 
the time the short circuit current is interrupted by a protective device or other mechanism, in 
which case the value stated is to include the RMS value and the time period in seconds; 

c) for short circuit tests that result in a continuous non-zero value, the steady-state RMS 
value, in which case the value is to be stated as a continuous RMS value.  

NOTE Where the intended use of the short-circuit current information requires a different type of measurement, 
additional data may be provided. For example, for AC mains fault current contribution some utilities may prefer a 
¼-cycle RMS or other RMS calculation to the 3-cycle RMS above. 

4.4.4.6 Backfeed current test for equipment with more than one source of supply 

For equipment intended to be connected simultaneously to more than one source of supply, 
each input of the PCE shall be tested one at a time, to determine if hazardous conditions can 
result from current from one source of supply flowing into the wiring for another source under 
fault conditions.  

NOTE In this context, the word “source” is not meant to imply a direction of intended power flow into the PCE. 
“Source” means any circuit that is capable of delivering energy into the PCE or into another external connected 
circuit, under normal or single fault conditions, regardless of the intended direction of power flow under normal 
conditions. 

With the PCE operating under normal conditions, a short circuit shall be applied at the field 
wiring terminals of the circuit under consideration, with all intended other sources connected 
to the PCE through the overcurrent protective devices (if any) intended to be present in the 
installation.  

In addition to the requirements of  4.4.3, the short-circuit currents are to be recorded and if 
they exceed the maximum rated current for the port, the maximum measured current shall  be 

Full document details: BS EN 62109-1:2010

http://www.avadocuments.com/doc/bs-en-62109-1-2010
http://www.avadocuments.com/doc/bs-en-62109-1-2010


BS EN 62109-1:2010

62109-1 © IEC:2010(E) – 35 – 

provided in the installation manual for the purpose of coordination of overcurrent protection of 
the external circuit conductors (see  5.3.2).  

The values to be reported are as in a) to c) of  4.4.4.5 above. 

4.4.4.7 Output overload 

Each output of the PCE, and each section of a tapped output, shall be overloaded in turn, one 
at a time. The other windings are loaded or not loaded, whichever load condition of normal 
use is less favorable. Overloading is carried out by connecting a variable resistor across the 
winding. The resistor is adjusted as quickly as possible and readjusted, if necessary, after 
1 min to maintain the applicable overload. No further readjustments are then permitted. 

If overcurrent protection is provided by a current-sensitive device or circuit, the overload test 
current is the maximum current which the overcurrent protection device is just capable of 
passing for 1 h. If this value cannot be derived from the specification, it is to be established by 
test. Before the test, the device is made inoperative or replaced by a link with negligible 
impedance.  

For equipment in which the output voltage is designed to collapse when a specified overload 
current is reached, the overload is slowly increased to the point of maximum output power 
before the point which causes the output voltage to collapse. 

In all other cases, the loading is the maximum power output obtainable from the output. 

4.4.4.8 Cooling system failure 

Equipment cooling shall be faulted as follows, one fault at a time: 

a) air-intakes shall be blocked or partially blocked; 
b) cooling fans shall be stopped or disconnected, one at a time; 
c) cooling by circulation of water or other coolant shall be stopped or partially restricted. 

4.4.4.9 Heating devices 

In equipment incorporating heating devices, the following faults shall be applied one at a time: 

a) timers which limit the heating period shall be overridden to energize the heating circuit 
continuously; 

b) temperature control devices or circuits shall have single fault conditions applied such 
that control over the heater is lost. Over-temperature protection devices meeting the 
requirements of  14.3 are left operational during the test. 

4.4.4.10 Safety interlock systems 

Each part of an interlock system for the protection of operators shall be short-circuited or 
open-circuited in turn to determine if the system continues to prevent access to hazards when 
a cover, etc. can be removed without the use of a tool.  

4.4.4.11 Reverse d.c. connections  

Unless the means of connection prevents reversal, external d.c. connections shall be 
connected with reverse polarity. 

4.4.4.12 Voltage selector mismatch 

Equipment employing a voltage selector intended to be adjusted or set to match the supply 
voltage, is to have its voltage selector set in any position with the equipment connected to any 
of its rated supply circuits. 
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4.4.4.13 Mis-wiring with incorrect phase sequence or polarity 

If connection to the a.c. supply with incorrect phase sequence or incorrect polarity of an 
earthed single-phase supply could result in a hazard, a mis-wiring test shall be applied. 

4.4.4.14 Printed wiring board short-circuit test 

Where permitted by  7.3.7.7, functional insulation on PWBs, provided by spacings that are less 
than those specified in Table 7 and Table 8 (see  7.3.7.7) shall be type tested as described 
below. 

Each location of decreased spacings shall be short-circuited one at a time, and the short-
circuit shall be maintained until no further damage occurs. Overcurrent protection integral to 
the PCE, or required to be used with the PCE, is allowed to open. During and after each test, 
the PCE shall comply with the requirements of  4.4.3. 

4.5 Humidity preconditioning 

4.5.1 General 

Where required by other clauses of this standard as a pre-condition for another test, the EUT 
shall be subjected to the following humidity conditioning. 

4.5.2 Conditions 

The equipment is not operated during preconditioning. Electrical components, covers, and 
other parts, which can be removed by hand, are removed and subjected to the humidity 
preconditioning together with the main part. 

Preconditioning is carried out in a humidity chamber containing air with a humidity of 92,5 % 
RH ± 2,5 % RH. The temperature of the air in the chamber is maintained at 40 °C ± 2 °C. 
Before applying humidity, the equipment is brought to a temperature of 42 °C ± 2 °C, normally 
by keeping it at this temperature for at least 4 h before the humidity preconditioning. The air in 
the chamber is stirred and the chamber is designed or controlled so as to prevent 
condensation from forming on the equipment under test. 

The equipment remains in the chamber for 48 h, after which it is removed and allowed a 
recovery period of 2 h under the environmental conditions of  4.2.2.1, with the covers of non-
ventilated equipment removed, before application of the test for which the pre-conditioning 
was required. 

4.6 Backfeed voltage protection 

Under normal and single-fault conditions, hazardous voltage or energy shall not be present on 
the terminals of each source, with that source de-energized or disconnected. Disconnection or 
de-energizing of the source under test is considered a normal condition, not an applied fault.  

The PCE is operated with all sources connected and energized that are intended to be 
present under normal operation.  

Internal sources (for example internal batteries) that cannot be disconnected or de-energized 
without access to the inside of the PCE requiring use of a tool are not required to be tested. 

A semiconductor device used to transfer energy between sources that are intended to be 
isolated from each other, is to be short circuited, and that short circuit is not considered to be 
a fault. Additional single faults are to be applied.  
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4.6.1 Backfeed tests under normal conditions 

Each input source shall be tested separately by first disconnecting the source and then by de-
energizing the source (if possible).  

NOTE De-energizing is intended to simulate conditions where the source provides no voltage or current, but the 
supply equipment and other loads on that circuit remain connected, which may result in a low impedance presented 
to the PCE as opposed to the high impedance presented when the source is disconnected. Examples of de-
energized sources include a PV array not exposed to light, and a mains outage.  

4.6.2 Backfeed tests under single-fault conditions 

The tests in  4.6.1 are repeated for each single fault condition under consideration. Faults to 
be applied are selected based on analysis of schematics of the circuitry with particular 
attention to devices that control or transfer energy between different sources. 

4.6.3 Compliance with backfeed tests 

The PCE is compliant with the requirements if during the tests in  4.6.1 and  4.6.2 no 
hazardous voltage or energy is present on the PCE terminals for the source under test. 
Measurements are taken 15 s or 1 s after the source is de-energized or disconnected, as 
follows: 

– 15 s for sources that are permanently connected; 
– 1 s for sources that are cord-connected or use connectors that can be opened without 

the use of a tool .  

4.7 Electrical ratings tests 

4.7.1 Input ratings  

While operating under the reference test conditions of  4.2.2, the measured continuous input 
current or power, as applicable, shall not exceed the marked input ratings by more than 10 %. 

4.7.1.1 Measurement requirements for DC input ports 

Measurements of the DC input current to an inverter shall be made with a meter that indicates 
the true RMS sum of the DC and AC components. 

NOTE Due to the a.c. component of the current that inverters draw from their d.c. source, the  input current shall 
be measured with an instrument that reads the true RMS sum of the d.c. and a.c. components in order to allow 
proper selection of the connectors, fuses and conductors that will be connected to the inverter in the installation, to 
prevent overheating. 

4.7.2 Output ratings  

While operating under the reference test conditions of  4.2.2, each output port of the PCE shall 
be capable of providing its marked output power or current ratings, as applicable, without 
overcurrent protective devices operating and without shutdown due to operation of 
overtemperature protection systems. The measured continuous output current or power, as 
applicable, shall not exceed the marked output ratings by more than 10 %. 

5 Marking and documentation 

5.1 Marking 

5.1.1 General 

Equipment shall bear markings as specified in  5.1 and  5.2.  

Except for marking of internal parts, these markings shall be visible from the exterior after 
installation, or be visible after removing a cover or opening a door without the aid of a tool, if 
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the cover or door is intended to be removed or opened by an operator. Markings applying to 
the equipment as a whole shall not be put on parts which can be removed by an operator 
without the use of a tool. 

For rack- or panel-mounted equipment, markings are permitted to be on a surface that 
becomes visible after removal of the equipment from the rack or panel. 

Graphic symbols may be used and shall be in accordance with  Annex C or IEC 60417 as 
applicable. Graphic symbols shall be explained in the documentation provided with the PCE. 

Compliance is checked by inspection. 

5.1.2 Durability of markings 

Markings required by this clause to be located on the PCE shall remain clear and legible 
under conditions of normal use and resist the effects of cleaning agents specified by the 
manufacturer.  

Compliance is checked by inspection and by performing the following test for durability of 
markings on the outside of the equipment. The markings are rubbed quickly by hand, without 
undue pressure, for 30 s with a cloth soaked with the specified cleaning agent (or, if not 
specified, with isopropyl alcohol). The markings shall be clearly legible after the above 
treatment, and adhesive labels shall not have worked loose or become curled at the edges. 

5.1.3 Identification 

The equipment shall, as a minimum, be permanently marked with: 

a) the name or trade mark of the manufacturer or supplier; 
b) a model number, name or other means to identify the equipment, 
c) a serial number, code or other marking allowing identification of manufacturing location 

and the manufacturing batch or date within a three month time period.  

Compliance is checked by inspection. 

5.1.4 Equipment ratings  

Unless otherwise specified in another part of IEC 62109, the following ratings, as applicable, 
shall be marked on the equipment: 

– input voltage, type of voltage (a.c. or d.c.), frequency, and maximum continuous current 
for each input; 

– output voltage, type of voltage (a.c. or d.c.), frequency, maximum continuous current, and 
for a.c. outputs, either the power or power factor for each output; 

– the ingress protection (IP) rating as in  6.3 below. 

Compliance is checked by inspection.  

5.1.5 Fuse identification 

Marking shall be located adjacent to each fuse or fuseholder, or on the fuseholder, or in 
another location provided that it is obvious to which fuse the marking applies, giving the fuse 
current rating and, where fuses of different voltage rating value could be fitted, the fuse 
voltage rating. 

Where fuses with special fusing characteristics such as time delay or breaking capacity are 
necessary, the type shall also be indicated. 
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For fuses not located in operator access areas and for soldered-in fuses located in operator 
access areas, it is permitted to provide an unambiguous cross-reference (for example, F1, F2, 
etc.) to the servicing instructions which shall contain the relevant information. 

Compliance is checked by inspection. 

5.1.6 Terminals, connections and controls  

If necessary for safety, an indication shall be given of the purpose of terminals, connectors, 
controls, and indicators, and their various positions, including any connections for coolant 
fluids such as water and drainage. The symbols in  Annex C may be used, and where there is 
insufficient space, symbol 9 of  Annex C may be used. 

NOTE Individual pins of multi-pin signal, control, and communication connectors need not be marked. 

Push-buttons and actuators of emergency stop devices, and indicator lamps used only to 
indicate a warning of danger or the need for urgent action, shall be coloured red.  

A multiple-voltage unit shall be marked to indicate the particular voltage for which it is set 
when shipped from the factory. The marking is allowed to be in the form of a paper tag or any 
other non-permanent material. 

A unit with d.c. terminals shall be plainly marked indicating the polarity of the connections, 
with: 

– the signs “+” for positive and “–“ for negative; or 
– a pictorial representation illustrating the proper polarity where the correct polarity can 

be unambiguously determined from the representation.  

Compliance is checked by inspection. 

5.1.6.1 Protective conductor terminals  

The means of connection for the protective earthing conductor shall be marked with: 

– symbol 7 of  Annex C; or 
– the letters "PE"; or 
– the colour coding green-yellow. 

Compliance is checked by inspection. 

5.1.7 Switches and circuit-breakers   

The on and off-positions of switches and circuit breakers shall be clearly marked. If a push-
button switch is used as the power switch, symbols 10 and 16 of  Annex C may be used to 
indicate the on-position, or symbols 11 and 17 to indicate the off-position, with the pair of 
symbols (10 and 16, or 11 and 17) close together. 

Compliance is checked by inspection. 

5.1.8 Class II equipment  

Equipment using Class II protective means throughout shall be marked with symbol 12 of 
 Annex C. Equipment which is only partially protected by double insulation or reinforced 
insulation shall not bear symbol 12 of  Annex C. 

Where such equipment has provision for the connection of an earthing conductor for 
functional reasons (see  7.3.6.4) it shall be marked with symbol 6 of  Annex C. 
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Compliance is checked by inspection. 

5.1.9 Terminal boxes for external connections 

Where required by note 1 of Table 2 as a result of high temperatures of terminals or parts in 
the wiring compartment, there shall be a marking, visible beside the terminal before 
connection, of either: 

a) the minimum temperature rating and size of the cable to be connected to the terminals;  
or 
b) a marking to warn the installer to consult the installation instructions. Symbol 9 of  Annex C 

is an acceptable marking. 

Compliance is checked by visual inspection and by the temperature measurements of  4.3. 

5.2 Warning markings  

5.2.1 Visibility and legibility requirements for warning markings 

Warning markings shall be visible when the equipment is installed and ready for normal use. If 
a warning applies to a particular part of the equipment, the marking shall be placed on, or 
near to, this part. 

Warning markings shall be legible, and shall have minimum dimensions as follows: 

– Printed symbols shall be at least 2,75 mm high. 
– Printed text characters shall be at least 1,5 mm high, whether upper case or lower 

case, and shall contrast in colour with the background. 
– Symbols or text that are moulded, stamped or engraved in a material shall have a 

character height of at least 2,0 mm, whether upper case or lower case, and if not 
contrasting in colour from the background, shall have a depth or raised height of at 
least 0,5 mm. 

If it is necessary to refer to the instruction manual to preserve the protection afforded by the 
equipment, the equipment shall be marked with symbol 9 of  Annex C. 

Symbol 9 of  Annex C is not required to be used adjacent to symbols that are explained in the 
manual. 

Compliance is checked by inspection. 

5.2.2 Content for warning markings 

5.2.2.1 Ungrounded heatsinks and similar parts 

An ungrounded heat sink or other part that may be mistaken for a grounded part and involves 
a risk of electric shock in accordance with  7.3 shall be marked with symbol 13 of  Annex C, or 
equivalent. The marking may be on or adjacent to the heatsink and shall be clearly visible 
when the PCE is disassembled to the extent that a risk of contact with the heatsink exists. 

Compliance is checked by inspection. 

5.2.2.2 Hot surfaces 

A part of the PCE that exceeds the temperature limits specified in  4.3.2 shall be marked with 
symbol 14 of  Annex C. 

Compliance is checked by inspection and by measurements in accordance with  4.3. 
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5.2.2.3 Coolant 

A unit containing coolant that exceeds 70 °C shall be legibly marked externally where readily 
visible after installation with symbol 15 of  Annex C. The documentation shall provide a 
warning regarding the risk of burns from hot coolant, and either: 

a) a statement that coolant system servicing is to be done only by service personnel, or 
b) instructions for safe venting, draining, or otherwise working on the cooling system, if 

these operations can be performed without operator access to hazards internal to the 
equipment  

Compliance is checked by inspection and by measurements in accordance with  4.3. 

5.2.2.4 Stored energy 

Where required by  7.3.9.2 or  7.4.2 the PCE shall be marked with Symbol 21 of  Annex C and 
the time to discharge capacitors to safe voltage and energy levels shall accompany the 
symbol.  

Compliance is checked by inspection. 

5.2.2.5 Motor guarding 

Where required by  8.2 a marking shall be provided where it is visible to service personnel 
before removal of a guard, warning of the hazard and giving instructions for safe servicing (for 
example disconnection of the source before removing the guard). 

Compliance is checked by inspection. 

5.2.3 Sonic hazard markings and instructions 

If required by  10.2.1 a PCE shall: 

a) be marked to warn the operator of the sonic pressure hazard; or 
b) be provided with installation instructions that specify how the installer can ensure that the 

sound pressure level from equipment, at its point of use after installation, will not reach a 
value, which could cause a hazard. These instructions shall include the measured sound 
pressure level, and shall identify readily available and practicable protective materials or 
measures which may be used.  

Compliance is checked by inspection and by measurements in accordance with Clause  10. 

5.2.4 Equipment with multiple sources of supply 

A PCE with connections for multiple energy sources shall be marked with symbol 13 of 
 Annex C and the manual shall contain the information required in  5.3.4. 

The symbol shall be located on the outside of the unit or shall be prominently visible behind 
any cover giving access to hazardous parts.  

Compliance is checked by inspection. 

5.2.5 Excessive touch current   

Where required by  7.3.6.3.7 the PCE shall be marked with symbol 15 of  Annex C. See also 
 5.3.2 for information to be provided in the installation manual.  

Compliance is checked by inspection. 
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