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Prakata
Standar  Nasional  Indonesia  (SNI)  IEC  62477-1:2022,  ”Persyaratan  keselamatan untuk sistem dan peralatan konverter elektronika daya – Bagian 1: Umum”, merupakan standar yang disusun dengan jalur adopsi tingkat keselarasan identik dari IEC 62477-1:2022, “Safety requirements for power  electronic converter systems and equipment – Part 1: General”, dengan metode adopsi republication-reprint dan ditetapkan oleh BSN Tahun 2024.

Standar ini disusun oleh Komite Teknis 29-01, Sistem Ketenagalistrikan. Standar ini telah dibahas  melalui  rapat  teknis  dan  disepakati  dalam  rapat konsensus  pada  tanggal  24

Januari 2024 di  Depok,  yang  dihadiri  oleh  para  pemangku kepentingan  (stakeholders) terkait, yaitu perwakilan dari pemerintah, pelaku usaha, konsumen, dan pakar. Standar ini telah melalui tahap jajak pendapat pada tanggal xx xxx 202x sampai dengan xx xxx 202x dengan hasil akhir disetujui menjadi SNI.

Apabila pengguna menemukan keraguan dalam Standar ini, maka disarankan untuk melihat standar aslinya, yaitu IEC 62477-1:2022, dan/atau dokumen terkait lain yang menyertainya.

Perlu diperhatikan bahwa kemungkinan beberapa unsur dari Standar ini dapat berupa hak kekayaan intelektual (HAKI). Namun selama proses perumusan SNI, Badan Standardisasi Nasional telah memperhatikan penyelesaian terhadap kemungkinan adanya HAKI terkait substansi SNI. Apabila setelah penetapan SNI masih terdapat permasalahan terkait HAKI, Badan Standardisasi Nasional tidak bertanggung jawab mengenai bukti, validitas, dan ruang lingkup dari HAKI tersebut.

INTRODUCTION
This document relates to products that include power electronic converters, with a rated system voltage not exceeding 1 000 V AC or 1 500 V DC. It specifies requirements to reduce risks of fire,  electric  shock,  thermal,  energy  and  mechanical  hazards,  except  functional  safety  as defined in IEC 61508 (all parts). The objectives of this document are to establish a common terminology and basis for the safety requirements of products that contain power electronic converters across several IEC technical committees.

During  the  update  of  the  document,  feedback  from  technical  committees  which  used  the
IEC 62477‑1 as reference document has been taken into consideration.
Modifications have been made to 4.4.2 and Annex A considering the safe to touch voltage
DVC As under normal operating conditions and single fault conditions. On request from TCs using this document as a reference document, the determination of DVC As has been simplified. The determination of  DVC As  in  IEC 62477-1:2012 and  IEC 62477-1:2012/AMD1:2016 was developed based on IEC TS 60479-1:2005 1  and IEC TR 60479-5:2007 and in details taking different   environmental  condition,   size   of   body   contact   area   and   body   reaction   into consideration. This change also  included time-voltage zones in  Annex A for  relevant body reactions, environmental conditions and contact area.

NOTE   See IEC 60479-1:2018 for further information about effects of current on human beings and livestock.

This document follows the simplified concepts of the basic safety standard IEC 61140:2016,
5.2.6, considering two situations in Table 2 of this document:

a)  dry and large contact areas;

b)  all other cases.

For the temporary increase of voltage during single fault conditions, it was decided to use the more simplified approach to limit the voltage to the maximum voltage of DVC B which is also used by other committees.

This document has been developed with the intention
•
to be used as a reference document for product committees inside TC 22 in the development of product standards for power electronic converter systems and equipment,

•
to replace IEC 62103 2 as a product family standard providing minimum requirements for safety aspects of power electronic converter systems and equipment in apparatus for which no product standard exists, and

NOTE   The scope of IEC 62103 contains reliability and electromagnetic compatibility aspects, which are not covered by this document.

•
to  be  used  as  a  reference  document  for  product  committees  outside  TC 22  in  the development of product standards of power electronic converter systems and equipment intended renewable energy sources. TC 82, TC 88, TC 105 and TC 114, in particular, have been identified as relevant technical committees at the time of publication.

Technical committees using this document should carefully consider the relevance of each paragraph in this document for the product under consideration and reference, add, replace or modify requirement as relevant. Product specific topics not covered by this document are in the responsibility of the technical committees using this document as reference document.

[image: image125.png]
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1    This publication has been withdrawn.
2    This publication has been withdrawn.
This group safety standard will not take precedence over any product specific standard according to IEC Guide 104. IEC Guide 104 provides information about the responsibility of product committees to use group safety standards for the development of their own product standards.

SAFETY REQUIREMENTS FOR POWER ELECTRONIC CONVERTER SYSTEMS AND EQUIPMENT –
Part 1: General
1    Scope
This part of IEC 62477 applies to power electronic converter systems (PECS), any specified accessories, and their components for electronic power conversion and electronic power switching, including the means for their control, protection, monitoring and measurement, such as with the main purpose of converting electric power, with rated system voltages not exceeding
1 000 V AC or 1 500 V DC.
This document also applies to PECS which intentionally emit or receive radio waves for the purpose of radio communication.

This document can also be used as a reference standard for product committees producing product standards for:

      adjustable speed electric power drive systems (PDS);
      standalone uninterruptible power systems (UPS);
      low voltage stabilized DC power supplies;
      bidirectional power converters.
For PECS and their specified accessories for which no product standard exists, this document provides minimum requirements for safety aspects.

This document has the status of a group safety publication in accordance with IEC Guide 104 for power electronic converter systems for solar, wind, tidal, wave, fuel cell or similar energy sources.

According to IEC Guide 104, one of the responsibilities of technical committees is, wherever applicable, to make use of basic safety publications and/or group safety publications in the preparation of their product standards.

Guidance for use of this group safety publication for product committees is given in Annex S. This document
      establishes a common terminology for safety aspects relating to PECS,


establishes minimum requirements for the coordination of safety aspects of interrelated parts within a PECS,


establishes a common basis for  minimum safety requirements for  the  PECS portion of products that contain PECS,


specifies  requirements  to  reduce  risks  of  fire,  electric  shock,  thermal,  energy  and mechanical hazards, during use and operation and, where specifically stated, during service and maintenance, and

specifies  minimum  requirements  to  reduce  risks  with  respect  to  PECS  designed  as pluggable and permanently connected equipment, whether it consists of a system of interconnected units or independent units, subject to installing, operating and maintaining the PECS in the manner prescribed by the manufacturer.

This document does not cover
      telecommunications apparatus other than power supplies to such apparatus,

      functional safety aspects as covered by, for example, IEC 61508 (all parts), and

      electrical equipment and systems for railways applications and electric vehicles.

2    Normative references
The following documents are referred to in the text in such a way that some or all of their content constitutes requirements of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.

IEC 60050-112, International Electrotechnical Vocabulary (IEV) – Part 112: Quantities and units
(available at www.electropedia.org)

IEC  60050-113,  International  Electrotechnical  Vocabulary  (IEV)  –  Part  113:  Physics  for electrotechnology (available at www.electropedia.org)
IEC 60050-114, International Electrotechnical Vocabulary (IEV) – Part 114: Electrochemistry
(available at www.electropedia.org)

IEC 60050-151,  International  Electrotechnical  Vocabulary  (IEV)  –  Part  151:  Electrical  and magnetic devices (available at www.electropedia.org)
IEC 60050-161, International Electrotechnical Vocabulary (IEV) – Part 161: Electromagnetic compatibility (available at www.electropedia.org)

IEC  60050-192,  International  Electrotechnical  Vocabulary  (IEV)  –  Part  192:  Dependability
(available at www.electropedia.org)

IEC  60050-426,  International  Electrotechnical  Vocabulary  (IEV)   –   Part  426:  Explosive atmospheres (available at www.electropedia.org)

IEC 60050-441,  International  Electrotechnical  Vocabulary  (IEV)  –  Part  441:  Switchgear, controlgear and fuses (available at www.electropedia.org)
IEC 60050-442,   International   Electrotechnical   Vocabulary   (IEV)   –   Part   442:   Electrical accessories (available at www.electropedia.org)

IEC 60050-551, International Electrotechnical Vocabulary (IEV) – Part 551: Power electronics
(available at www.electropedia.org)
IEC 60050-601,  International  Electrotechnical  Vocabulary  (IEV)  –  Part  601:  Generation, transmission and distribution of electricity – General (available at www.electropedia.org)

IEC   60050-826,  International  Electrotechnical  Vocabulary  (IEV)   –   Part   826:   Electrical installations (available at www.electropedia.org)

IEC 60068-2-2:2007, Environmental testing – Part 2-2: Tests – Test B: Dry heat
IEC 60068-2-6:2007, Environmental testing – Part 2-6: Tests – Test Fc: Vibration (sinusoidal)
IEC 60068-2-52:2017, Environmental testing – Part 2-52: Tests – Test Kb: Salt mist, cyclic
(sodium chloride solution)
IEC 60068-2-68:1994, Environmental testing – Part 2-68: Tests – Test L: Dust and sand
IEC 60068-2-78:2012, Environmental testing – Part 2-78: Tests – Test Cab: Damp heat, steady state
IEC 60320 (all parts), Appliance couplers for household and similar general purposes
IEC 60364 (all parts). Low-voltage electrical installations
IEC 60364-4-41:2005, Low-voltage electrical installations – Part 4-41: Protection for safety – Protection against electric shock
IEC 60364-4-41:2005/AMD1:2017

IEC 60364-5-54:2011, Low voltage electrical installations – Part 5-54: Selection and erection of electrical equipment – Earthing arrangements and protective conductors
IEC 60364-5-54:2011/AMD1:2021

IEC 60384-14:2013, Fixed capacitors for  use  in  electronic equipment –  Part  14:  Sectional specification – Fixed capacitors for electromagnetic interference suppression and connection to the supply mains
IEC 60417,  Graphical  symbols  for  use  on  equipment  (available  at  http://www.graphical- symbols.info/equipment
IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)
IEC 60529:1989/AMD1:1999
IEC 60529:1989/AMD2:2013
IEC 60617, Graphical symbols for diagrams (available from http://std.iec.ch/iec60617
IEC 60664-1:2020, Insulation coordination for equipment within low-voltage systems – Part 1: Principles, requirements and tests
IEC 60664-3:2016, 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 60695-2-10:2013, Fire hazard testing – Part 2-10: Glowing/hot-wire based test methods – Glow-wire apparatus and common test procedure
IEC 60695-2-11:2021, Fire hazard testing – Part 2-11: Glowing/hot-wire based test methods – Glow-wire flammability test method for end-products (GWEPT)
IEC 60695-2-13:2010, Fire hazard testing – Part 2-13: Glowing/hot-wire based test methods – Glow-wire ignition temperature (GWIT) test method for materials
IEC 60695-2-13:2010/AMD1:2014

IEC 60695-10-2:2014, Fire hazard testing – Part 10-2: Abnormal heat – Ball pressure test
IEC 60695-11-20:2015, Fire  hazard  testing  –  Part 11-20:  Test  flames  –  500  W  flame  test methods
IEC 60721-3-3:1994, Classification of environmental conditions – Part 3-3: Classification of groups of environmental parameters and their severities – Stationary use at weatherprotected locations
IEC 60721-3-3:1994/AMD1:1995

IEC 60721-3-3:1994/AMD2:1996

IEC 60721-3-4:1995,  Classification  of  environmental  conditions  –  Part  3:  Classification  of groups of environmental parameters and their severities – Stationary use at non- weatherprotected locations
IEC 60721-3-4:1995/AMD1:1996

IEC 60730-1:2013, Automatic electrical controls – Part 1: General requirements
IEC 60730-1:2013/AMD1:2015

IEC 60730-1:2013/AMD2:2020

IEC 60738-1-1:2008,   Thermistors   –   Directly   heated   positive   step-function   temperature coefficient – Part 1-1: Blank detail specification – Current limiting application – Assessment level EZ
IEC 60755:2017, General safety requirements for residual current operated protective devices
IEC 60799:2018, Electrical accessories – Cord sets and interconnection cord sets
IEC 60947-7 (all parts), Low-voltage switchgear and controlgear – Part 7: Ancillary equipment
IEC 60949:1988, Calculation of thermally permissible short-circuit currents, taking into account non-adiabatic heating effects
IEC 60949:1988/AMD1:2008
IEC 60990:2016, Methods of measurement of touch current and protective conductor current
IEC 61032:1997, Protection of persons and equipment by enclosures – Probes for verification
IEC 61180:2016, High-voltage test techniques for low-voltage equipment – Definitions, test and procedure requirements, test equipment
IEC 61189-3:2007,   Test   methods   for   electrical   materials,   printed   boards   and   other interconnection structures and assemblies – Part 3: Test methods for interconnection structures (printed boards)
IEC 61204-7:2016, Low-voltage switch mode power supplies – Part 7: Safety requirements
IEC 61558-1:2017,  Safety  of  transformers, reactors,  power  supply  units  and  combinations thereof – Part 1: General requirements and tests
IEC 62109-1:2010, Safety of power converters for use in photovoltaic power systems – Part 1: General requirements
ISO/IEC Guide 51:2014, Safety aspects – Guidelines for their inclusion in standards
IEC Guide 104:2019,  The  preparation  of  safety  publications  and  the  use  of  basic  safety publications and group safety publications
IEC Guide 116:2018, Guidelines for safety related risk assessment and risk reduction for low voltage equipment
ISO 3746:2010, Acoustics – Determination of sound power levels and sound energy levels of noise  sources  using  sound  pressure  –  Survey  method  using  an  enveloping measurement surface over a reflecting plane
ISO 3864 (all parts), Graphical symbols – Safety colours and safety signs
ISO 3864-1:2011,  Graphical  symbols  –  Safety  colours  and  safety  signs  –  Part  1:  Design principles for safety signs and safety markings
ISO 7000,  Graphical symbols  for  use  on  equipment –  Registered symbols  (available  from http://www.graphical-symbols.info/equipment)
ISO 7010, Graphical symbols –  Safety colours and safety signs –  Registered safety signs
(available at https://www.iso.org/obp)
ISO 9614-1:1993, Acoustics – Determination of sound power levels of noise sources using sound intensity – Part 1: Measurement at discrete points
3    Terms and definitions
For the purposes of this document, the terms and definitions given in IEC 60050-112:2010, IEC 60050-113:2011,     IEC 60050-114:2014,     IEC 60050-426:2020,     IEC 60050-151:2001, IEC 60050-161:1990,     IEC 60050-192:2015,     IEC 60050-441:1984,     IEC 60050-442:1998, IEC 60050-551:1998, IEC 60050-601:1985, IEC 60050-826:2004, IEC 60664-1:2020, and the following apply.

Table 1 provides an alphabetical cross-reference listing of terms.

Table 1 – Alphabetical list of terms
	Term
	Term
number
	Term
	Term
number
	Term
	Term
number

	abnormal operating condition

abnormal operation
	3.1
	fire enclosure
	3.29
	power semiconductor device
	3.57

	accessible
	3.2
	functional insulation
	3.30
	prospective short- circuit current (Icp)
	3.58

	accessory
	3.3
	hand-held equipment
	3.31
	protective

equipotential bonding
	3.59

	adjacent circuit
	3.4
	hazardous live part
	3.32
	protective impedance
	3.60

	basic insulation
	3.5
	installation
	3.33
	electrically protective screening
protective screening
	3.61

	basic protection
	3.6
	impulse withstand voltage
	3.34
	reinforced insulation
	3.62

	class I equipment
	3.7
	live part
	3.35
	restricted access area
	3.63

	class II equipment
	3.8
	low voltage (LV)
	3.36
	routine test
	3.64

	class III equipment
	3.9
	mains supply
	3.37
	sample test
	3.65

	clearance
	3.10
	minimum required prospective short- circuit current (Ic p,mr)
	3.38
	service access area
	3.66

	commissioning test
	3.11
	movable equipment
	3.39
	short-circuit backup protection
	3.67

	component
	3.12
	non-mains supply
	3.40
	short-circuit protective device (SCPD)
	3.68


	Term
	Term
number
	Term
	Term
number
	Term
	Term
number

	conditional short- circuit current (Icc)
	3.13
	open type PECS
	3.41
	short-time withstand current (Icw)
	3.69

	creepage distance
	3.14
	general access area
	3.42
	single fault condition
	3.70

	decisive voltage class

(DVC)
	3.15
	ordinary person
	3.43
	skilled person
	3.71

	de-energized
	3.16
	output short-circuit current
	3.44
	solid insulation
	3.72

	double insulation
	3.17
	overcurrent protective device (OCPD)
	3.45
	supplementary insulation
	3.73

	direct plug-in equipment
	3.18
	overvoltage category

(OVC)
	3.46
	surge protective device (SPD)
	3.74

	DVC As
	3.19
	PE
	3.47
	system
	3.75

	DVC B
	3.20
	peak withstand current (Ipk )
	3.48
	system voltage
	3.76

	DVC C
	3.21
	PE conductor
	3.49
	temporary overvoltage
	3.77

	electric breakdown
	3.22
	permanently

connected equipment
	3.50
	touch current
	3.78

	electrical insulation insulation
	3.23
	pluggable equipment type A
	3.51
	type test
	3.79

	electronic power conversion
	3.24
	pluggable equipment type B
	3.52
	ventricular fibrillation
	3.80

	enclosure
	3.25
	pollution degree
	3.53
	visual inspection
	3.81

	enhanced protection
	3.26
	port
	3.54
	working voltage
	3.82

	fault protection
	3.27
	power electronic converter (PEC)
	3.55
	zone of equipotential bonding
	3.83

	field wiring terminal
	3.28
	power electronic

converter system

(PECS)
	3.56
	
	


3.1
abnormal operating condition
abnormal operation
temporary operating condition that is not a normal operating condition and is not a single fault condition of the equipment itself

Note 1 to entry:   An abnormal operating condition may be introduced by the equipment or by a person and may result in a failure of a component, a device or insulation.

[SOURCE: IEC 62368-1:2018, 3.3.7.1, modified – Note 1 to  entry has been removed, and
Notes 2 and 3 to entry have been grouped and rephrased.]

3.2
accessible
able to be touched by means of the standard test finger
Note 1 to entry:   For standard test finger, refer to Figure M.2.

Note 2  to  entry:   The  term  "accessible"  is  used  to  refer  to  an  accessible  circuit,  an  accessible  connection,  an accessible part or an accessible surface.
3.3
accessory
additional part, component or equipment intended to expand capabilities and/or functionality of the PECS
Note 1 to entry:   Some examples are:

         external filter,

         communication, control or input/output interface kits,

         external SPD for reduction of transient.

         additional enclosure parts or kits,

         additional ventilation kits,

         mechanical bonding or cable support kits, or
         additional measuring device, instrument etc.

Note 2 to entry:   Expanded capabilities is considered to be electrical, mechanical, thermal or acoustic characteristics of the PECS when installed and operating as intended.
Note 3 to entry:   Accessories and accessory kits might be factory or field installed.
3.4
adjacent circuit
circuit having a requirement to be protected from the circuit under consideration
3.5
basic insulation
insulation applied to hazardous live parts to provide basic protection against electric shock

[SOURCE: IEC 60050-826:2004, 826-12-14, modified – The definition has been reformulated.]

3.6
basic protection
protection against electric shock under fault-free conditions through the use of insulation or distance or a combination of both

Note 1 to entry:   For more information, refer to 4.4.3.

[SOURCE: IEC 60050-195:2021, 195-06-01, modified – The words " under fault-free conditions through the use of insulation or distance or a combination of both" have been added, as well as the note to entry.]

3.7
class I equipment
PECS in which protection against electric shock does not rely on basic protection only, but which includes an additional safety precaution in such a way that means are provided for the connection of conductive accessible parts to the protective (earthing) conductor in the fixed wiring of the installation, so that conductive accessible parts cannot become live in the event of a failure

3.8
class II equipment
PECS in which protection against electric shock does not rely on basic protection only, but in which additional safety precautions are provided, there being no means of connection for the PE conductor or reliance upon installation conditions

Note 1 to entry:   Supplementary insulation or reinforced insulation are additional safety precautions.

3.9
class III equipment
PECS in which protection against electric shock relies on supply at  DVC As  and in  which voltages higher than those of DVC As are not generated and there is no means for protective earthing

3.10
clearance
shortest distance in air between two conductive parts

Note 1 to entry:   This distance can be measured along a string stretched the shortest way between these conductive parts.

[SOURCE: IEC 60664-1:2020, 3.1.4, modified – The note to entry has been added.]

3.11
commissioning test
test  on  a  device or  PECS  performed on  site,  to  prove the  correctness of  installation and operation

[SOURCE: IEC 60050-411:1996, 411-53-06, modified – The word "machine" has been replaced by "device" and "equipment" with "PECS".]

3.12
component
part of a PEC or PECS, which cannot be physically divided into smaller parts without losing its particular function

[SOURCE: IEC 60050-151:2001, 151-11-21, modified – The words "constituent part of a device" have been replaced by "part of a PEC or PECS".]

3.13
conditional short-circuit current
Icc
RMS value of a prospective short-circuit current available from a source, under conditions specified by the PECS manufacturer, using a specific type of short-circuit protective device
Note 1 to entry:   See also Figure N.1.

Note 2 to entry:   The source might be a mains supply or non-mains supply.

Note 3 to entry:   The declared Icc is the minimum current value used for calibration of the supply source.
3.14
creepage distance
shortest distance along the surface of a solid insulating material between two conductive parts

[SOURCE: IEC 60664-1:2020, 3.1.5]

3.15
decisive voltage class
DVC
classification of voltage range used to determine the protective means against electric shock and the requirements of protection between circuits

3.16
de-energized
free from all potential energy hazards
3.17
double insulation
insulation comprising both basic insulation and supplementary insulation
[SOURCE: IEC 60050-826:2004, 826-12-16]
3.18
direct plug-in equipment
PECS in which the mains supply plug forms an integral part of the PECS enclosure so that the
PECS is supported by the mains supply socket-outlet
[SOURCE: IEC 60050-903:2014, 903-04-07, modified – "Equipment" replaced by "PECS" and

"mains" by "mains supply".]

3.19
DVC As
voltage classification of a circuit providing only safe to touch voltage, under normal operating conditions and single fault condition, and limited overvoltages

Note 1 to entry:   See 4.4.2.2 and Table 2.

3.20
DVC B
voltage classification of a circuit which stays within the voltage limits between DVC As and

DVC B under normal operating conditions and single fault conditions
Note 1 to entry:   See 4.4.2.3 and Table 2.

3.21
DVC C
voltage classification of any circuit not meeting the protection requirements or voltage limits for

DVC B or DVC As
Note 1 to entry:   See 4.4.2.4 and Table 2.

3.22
electric breakdown
failure of insulation under electric stress when the discharge completely bridges the insulation, thus reducing the voltage between the electrodes almost to zero

[SOURCE: IEC 60664-1:2020, 3.1.44]

3.23
electrical insulation insulation
electrical protection between circuits or conductive parts provided by clearance or creepage distance or solid insulation or combinations of them

Note 1 to entry:   For the protection against electric shock, insulation types like clearance, creepage distances and solid insulation are used as means for basic protection, fault protection and enhanced protection. Further means for basic protection, fault protection and enhanced protection are specified in 4.4.3, 4.4.4 and 4.4.5.

3.24
electronic power conversion
change of one or more of the characteristics of an electric power system essentially without appreciable loss of power by means of power semiconductor devices
Note 1  to  entry:   Characteristics  are,  for  example,  voltage,  number  of  phases  and  frequency,  including  zero frequency.

[SOURCE: IEC 60050-551:1998, 551-11-02, modified – The words "electronic valve devices" have been replaced by "power semiconductor devices".]

3.25
enclosure
housing affording the type and degree of protection suitable for the intended application

Note 1   to   entry:   This   document   provides   requirements   for   the   enclosure   according   to   IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013 as well as additional requirements for mechanical and environmental impact. The purpose of the additional requirements is to ensure the ability of an enclosure to provide basic protection under the environmental conditions specified by the manufacturer.

[SOURCE: IEC 60050-151:2001, 151-13-08, modified – Note 1 to entry has been added.]

3.26
enhanced protection
protective  means  having  a  reliability  of  protection  not  less  than  that  provided  by  two independent protective means
Note 1 to entry:   Enhanced protection can be realized through the use of insulation or distance or a combination of both. For more information, refer to 4.4.5.

[SOURCE:  IEC 61140:2016,  3.19,  modified  –  The  words  "protective  provision"  has  been replaced by "protection" in the term, and "provision" by "means" in the definition.]

3.27
fault protection
protection against electric shock under single fault conditions
Note 1 to entry:   For low-voltage installations, systems and equipment, fault protection generally corresponds to protection against indirect contact as used in IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017, mainly with regard to failure.
Note 2 to entry:   For more information, refer to 4.4.4.

[SOURCE: IEC 60050-195:2021, 195-06-02, modified – The notes to entry have been added.]

3.28
field wiring terminal
terminal provided for connection of external conductors to the PECS
3.29
fire enclosure
part of the PECS intended to minimize the spread of fire or flames from within the enclosure to outside the enclosure
3.30
functional insulation
insulation between conductive parts within a circuit that is necessary for the proper functioning of the circuit, but which does not provide protection against electric shock

Note 1 to entry:   Functional insulation may, however, reduce the likelihood of ignition and fire.
3.31
hand-held equipment
PECS intended to be held in the hand during normal use

[SOURCE: IEC 60050-195:2004, 826-16-05, modified – The words "electric equipment" have been replaced by "PECS".]

3.32
hazardous live part
live part which can give a harmful electric shock

Note 1 to entry:   In this document a hazardous live part does not meet the requirements of DVC As in 4.4.2.2.

[SOURCE: IEC 60050-195:2021, 195-06-05, modified – The hyphens have been deleted from the term, the words "under certain conditions" have been deleted from the definition and the note to entry added.]

3.33
installation
equipment including at least the PECS
Note 1 to entry:   The word "installation" is also used in this document to denote the process of installing a PECS. In these cases, the word does not appear in italics.

3.34
impulse withstand voltage
highest peak value of impulse voltage of prescribed form and polarity which does not cause breakdown of insulation under specified conditions
[SOURCE: IEC 60050-442:2014, 442-09-18]
3.35
live part
conductor or conductive part intended to be energized in normal operating conditions, including a neutral conductor, but by convention not a PE conductor or protective earth neutral
Note 1 to entry:   This concept does not necessarily imply a risk of electric shock.
[SOURCE: IEC 60050-195:2021, 195-02-19, modified – The words "and mid-point conductor, but excluding the PEN conductor, PEM conductor and PEL conductor" have been replaced by "but by convention not a PE conductor or protective earth neutral".]

3.36
low voltage
LV

set of voltage levels used for the distribution of electricity and whose upper limit is generally accepted to be 1 000 V AC or 1 500 V DC
[SOURCE: IEC 60050-601:1985, 601-01-26, modified – The words "for alternating current" have been replaced by "AC", and the words "or 1 500 V DC" have been added.]

3.37
mains supply
low voltage AC or DC power distribution system for supplying power to AC or DC PECS
Note 1 to entry:   In the USA and Canada, the term "mains supply" is called "utilities".

3.38
minimum required prospective short-circuit current
Icp,mr

RMS value of a minimum prospective short-circuit current, which shall be available from the source to ensure operation of the specific type of short-circuit protective device
3.39
movable equipment
PECS that is either
–    18 kg or less in mass and not fixed in place, or
–    provided with wheels, casters, or other means to facilitate movement by an ordinary person
as required to perform its intended use

3.40
non-mains supply
low voltage AC or DC power network that is not energized directly from the AC mains supply or
DC mains supply
Note 1 to entry:   Examples of non-mains supplies are those which are isolated by a transformer or supplied by a battery,  generator,  solar  arrays,  wind  generator,  tidal  systems,  wave,  fuel  cell  or  similar  sources  not  directly connected to the AC or DC power distribution system.

3.41
open type PECS
PECS intended for incorporation within an enclosure or assembly that will provide protection against hazards
3.42
general access area
area of the PECS to which both ordinary persons and skilled persons are permitted access

Note 1 to entry:   General access areas do not require the use of a tool or key.

3.43
ordinary person
person who is not a skilled person
Note 1 to entry:   Ordinary person is the term applied to all persons other than skilled persons. Ordinary persons include not only users of the equipment, but also all persons who may have access to the equipment or who may be in the adjacency of the equipment. Under normal operating conditions or abnormal operating conditions, ordinary persons should not be exposed to parts comprising energy sources capable of causing pain or injury. Under a single fault condition, ordinary persons should not be exposed to parts comprising energy sources capable of causing injury.

Note 2 to entry:   Instructed person is not used in this document.
[SOURCE: IEC 60050-826:2004, 826-18-03, modified – Instructed person deleted, notes to entry added.]

3.44
output short-circuit current
available current that flows at the output port of the PECS when a short-circuit is applied
3.45
overcurrent protective device
OCPD
device provided to interrupt an electric circuit in case the current in the electric circuit exceeds a predetermined value for a specified duration
[SOURCE: IEC 60050-826:2004, 826-14-14, modified – The abbreviated term "OCPD" has been added, and the word "conductor" have been deleted from "conductor current".]

3.46
overvoltage category
OVC
numeral defining a transient overvoltage condition
Note 1 to entry:   Overvoltage categories I, II, III and IV are used. See 4.4.7.1.4 for information.
[SOURCE: IEC 60664-1:2020, 3.1.20, modified – The abbreviated term "OVC" has been added, and the reference has been updated in the note to entry.]

3.47
PE
earthing of a point in a system, or equipment, for protection against electric shock in case of a fault

Note 1 to entry:   In the USA and Canada, the term "ground" is used instead of "earth".

3.48
peak withstand current
Ipk
value of peak short-circuit current, declared by the PECS manufacturer, which can flow under specified conditions
Note 1 to entry:   For the purpose of this document, Ipk refers to the initial asymmetric peak value of the prospective test current.

[SOURCE:  IEC 61439-1:2020,  3.8.10.2,  modified  –  The  definition  is  modified  for  PECS

application.]
3.49
PE conductor
conductor in the building installation wiring, or in the power supply cord, connecting a main protective earthing terminal in the equipment to an earth point in the building installation for safety purposes
3.50
permanently connected equipment
PECS that can only be connected to or disconnected from the electric power system by the use of a tool
Note 1 to entry:   In this document, electric power system is considered as either mains supply or non-mains supply.
[SOURCE: IEC 60050-151:2014, 151-11-29, modified – "Equipment" replaced by "PECS" and note to entry added.]

3.51
pluggable equipment type A
PECS that is intended for connection to the mains supply via a non-industrial plug and socket- outlet or via a non-industrial appliance coupler, or both

Note 1 to entry:   For non-industrial plug and socket-outlets, see IEC TR 60083:2015 or a national equivalent. For non-industrial appliance couplers, see IEC 60320-1.
[SOURCE:  IEC 60050-903:2014,  903-04-08,  modified  –  The  word  "equipment"  has  been replaced by "PECS" and "mains" by "mains supply".]

3.52
pluggable equipment type B
PECS that is intended for connection to the mains supply via an industrial plug and socket- outlet or an appliance coupler, or both

Note 1 to entry:   For industrial plug and socket-outlets, see IEC 60309-1 or a national equivalent. For non-industrial appliance couplers, see IEC 60320-1.
[SOURCE:  IEC 60050-903:2014,  903-04-09,  modified  –  The  word  "equipment"  has  been replaced by "PECS" and "mains" by "mains supply".]

3.53
pollution degree
numeral characterizing the expected pollution of the micro-environment.

Note 1 to entry:   Pollution degrees 1, 2, 3 and 4 are used in this document. See 4.4.7.1.3 for information.
[SOURCE: IEC 60664-1:2020, 3.1.25, modified – Note to entry added.]

3.54 port
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

[SOURCE: IEC 60050-131:2002, 131-12-60, modified – The note has been deleted.]

3.55
power electronic converter
PEC
device or part thereof for the purpose of electronic power conversion, including signalling, measurement, control circuitries and other parts, if essential for the power conversion function
3.56
power electronic converter system
PECS
system  consisting  of  power  electronic  converter(s)  intended  to  work  together  with  other equipment
3.57
power semiconductor device
semiconductor device used for electronic power conversion
3.58
prospective short-circuit current
Icp
RMS value of the current which would flow if the supply conductors to the circuit are short- circuited by a conductor of negligible impedance located as near as practicable to the supply terminals of the PECS
[SOURCE: IEC 61439-1:2020, 3.8.7, modified – The word "current" has been replaced by "RMS

value of the current", and "assembly" by "PECS" and Note to entry deleted.]

3.59
protective equipotential bonding
equipotential bonding for the purposes of safety

EXAMPLE   Protection against electric shock

[SOURCE: IEC 60050-195:2021, 195-01-15, modified – The hyphens have been removed from the term, and the example has been added.]

3.60
protective impedance
impedance connected between hazardous live parts and conductive accessible parts, of such value that the current, in intended use and under single fault conditions, is limited to a safe value, and which is so constructed that its ability is maintained throughout the life of the PECS
3.61
electrically protective screening protective screening
separation of electric circuits and/or conductors from hazardous live parts by an electrically protective screen connected to the protective equipotential bonding system and intended to provide protection against electric shock

[SOURCE: IEC 60050-195:2021, 195-06-18, modified – The word "electrically" has been added to "protective screening", and the term "protective shielding" has been deleted.]

3.62
reinforced insulation
insulation of hazardous live parts which provides a degree of protection against electric shock equivalent to double insulation
Note 1 to entry:   Reinforced insulation may comprise several layers which cannot be tested separately as basic insulation or supplementary insulation.

[SOURCE: IEC 60664-1:2020, 3.1.33]

3.63
restricted access area
area to which only electrically skilled persons with the proper authorization have access

[SOURCE: IEC 60050-195:2021, 195-04-04, modified – The words "and electrically instructed persons" have been removed.]

3.64
routine test
test  to  which each individual device is  subjected during or  after  manufacture to  ascertain whether it complies with certain criteria

[SOURCE: IEC 60050-411:1996, 411-53-02, modified – The word "machine" has been replaced by "device".]

3.65
sample test
test on a number of devices taken at random from a batch

3.66
service access area
enclosed electrical area intended for service, maintenance and commissioning while the PECS
is energized and to which only skilled persons are permitted access

Note 1 to entry:   Service access areas require the use of a tool or key.

3.67
short-circuit backup protection
protection that is intended to operate when other protective means within a system or equipment fail to clear a fault

3.68
short-circuit protective device
SCPD
device  intended  to  protect  a  circuit  or  parts  of  a  circuit  against  short-circuit  currents  by interrupting them

Note 1 to entry:   A short-circuit protective device is suitable for protection against short-circuit only, not for protection against overload. An OCPD may also incorporate the function of a SCPD.

[SOURCE: IEC 61439-1:2020, 3.1.11, modified – The note to entry has been added.]

3.69
short-time withstand current
Icw
RMS value of short-time current, declared by the PECS manufacturer, which can flow under specified conditions, defined in terms of current and time

[SOURCE: IEC 61439-1:2020, 3.8.10.3, modified – The word "rated" has been removed from the  term,  the  words  "AC  or  mean  value  of  DC"  have  been  removed  from  the  definition, "assembly" has been replaced by "PECS", and "that can be withstood" by "which can flow".]

3.70
single fault condition
condition in which one failure is present which could cause a hazard covered by this document
Note 1 to entry:   If a single fault condition results in other subsequent failures, the set of failures is considered as one single fault condition.

Note 2 to entry:   Examples of hazards include, but are not limited to, electric shock, fire, energy, mechanical, sound pressure etc.

3.71
skilled person
person with relevant education and experience to enable him or her to perceive risks and to avoid hazards which the equipment can create

Note 1 to entry:   Skilled person is a term applied to persons who have training or experience in the equipment technology, particularly in knowing  the  various  energies and energy magnitudes  used in  the equipment. Skilled persons are expected to use their training and experience to recognize energy sources capable of causing pain or injury and to take action for protection from injury from those energies. Skilled persons should also be protected against unintentional contact or exposure to energy sources capable of causing injury.

Note 2 to entry:   It has not been considered necessary to differentiate between the safety means applicable for skilled persons and instructed (trained) persons as defined in IEC 61140:2016. The same safety means apply for both.
[SOURCE: IEC 60050-826:2004, 826-18-01, modified –  The  adverb "electrically" has  been removed from the term, the word "electricity" has been replaced by "the equipment", and the note to entry has been added.]

3.72
solid insulation
solid insulating material or a combination of solid insulating materials, placed between two conductive parts or between a conductive part and a body part

[SOURCE: IEC 60664-1:2020, 3.1.6]

3.73
supplementary insulation
independent insulation applied in addition to basic insulation for fault protection
Note 1 to entry:   Basic insulation and supplementary insulation are separate, each designed for basic protection
against electric shock.

[SOURCE: IEC 60664-1: 2020, 3.1.31, modified – The note to entry has been added.]

3.74
surge protective device
SPD
device that contains at least one non-linear component that is intended to limit surge voltages and divert surge currents

[SOURCE: IEC 61643-11:2011, 3.1.1, modified – The note to entry has been removed.]

3.75
system
set of interrelated and/or interconnected independent elements

Note 1  to  entry:   A  system  is  generally  defined  with  the  view  of  achieving  a  given  objective,  for  example  by performing a definite function.
3.76
system voltage
voltage used to determine insulation requirements

Note 1 to entry:   See 4.4.7.1.7 for further consideration of system voltage.

3.77
temporary overvoltage
overvoltage at power frequency of relatively long duration
[SOURCE: IEC 60664-1:2020, 3.1.12]

3.78
touch current
electric current passing through a human body or through an animal body when it touches one or more accessible parts of an electrical installation or electrical equipment
[SOURCE: IEC 60050-826:2004, 826-11-12]
3.79
type test
test of one or more devices made to a certain design to show that the design meets certain specifications
3.80
ventricular fibrillation
cardiac fibrillation, limited to the ventricles, leading to ineffective circulation and then to heart failure

Note 1 to entry:   Ventricular fibrillation stops blood circulation.
[SOURCE: IEC 60050-891:1998, 891-01-16]
3.81
visual inspection
scrutiny by eye of an item carried out either without dismantling, or with the addition of partial dismantling as required in order to arrive at a reliable conclusion as to the condition of an item
[SOURCE: IEC 60050-426:2020, 426-14-02, modified – The adjective "visual" has been deleted from the term, and the definition has been rephrased.]

3.82
working voltage
AC or DC voltage, at rated supply conditions (without tolerances) and worst case operating conditions, including RMS, recurring peak and mean values that occurs by design in a circuit or across protection means

3.83
zone of equipotential bonding
zone where all simultaneously conductive accessible parts are electrically connected to prevent hazardous voltages appearing between them

Note 1 to entry:   For equipotential bonding, it is not necessary for the parts to be earthed.
4    Protection against hazards
4.1     General
Clause 4 defines the minimum requirements for the design and construction of a PECS and specified accessories for the  intended use, to  ensure its  safety during installation, normal operating conditions and maintenance for the expected life cycle of the PECS. Consideration is also given to minimize hazards resulting from reasonably foreseeable misuse.
Information about the intended use, normal operating conditions and specified accessories shall be stated in the documentation.

Protection against hazards shall be maintained under normal, abnormal and single fault conditions, as specified in this document.

Clause 4  provides safety means for  protection against hazards for  ordinary persons. This document also considers relaxed safety means for skilled persons considering installation and maintenance of the PECS.

NOTE   It has not been considered necessary to differentiate between the safety means applicable for skilled persons
and instructed persons as defined in IEC 61140:2016. The same safety means apply for both.
Where the PECS is intended to be used together with specified accessories, the safety evaluation and test shall include these, unless it can be shown that it does not affect the safety of either equipment.

Risk assessment of the PECS might show hazards which are not covered by this document. For information, refer to Annex R.

For marking, see 6.2.

4.2     Single fault conditions and abnormal operating conditions
The PECS and specified accessories shall be designed to avoid operating modes or sequences that can cause a single fault condition or component failure leading to a hazard, unless other means to prevent the hazard are provided by the installation and are described in the installation information provided with the PECS, see Clause 6. The requirements in 4.2 also apply to abnormal operating conditions as applicable.
An analysis shall be performed to identify potential hazards.

This analysis shall include situations where a single fault condition in any component, basic protection, fault protection or port would result in:

      electrically induced mechanical force and thermal hazard according to 4.3;

      an impact on the decisive voltage determination according to 4.4.2;

      a risk of electric shock due to:
–    degradation of the basic protection according to 4.4.3, or
–    degradation of the fault protection according to 4.4.4;

      a risk of energy hazard according to 4.5;

a  risk  of  degradation due  to  emission of  flame, burning particles, molten metal or  fire according to 4.6;

      a risk of thermal hazard due to high temperature according to 4.6; or
      a risk of mechanical hazard according to 4.7.
NOTE   This document does not provide any requirement to protect against chemical hazard.
The analysis and testing shall include the effect of short-circuit and open-circuit conditions of the component. Testing is necessary unless analysis can conclusively show that no hazard will result from failure of the component. Compliance shall be checked by test of 5.2.4.6.

The effect of other identified abnormal operating condition and single fault condition shall be tested according to the applicable test in 5.2.4.

The evaluation of components (see 4.13) shall be based on the expected stress occurring in the life cycle of the PECS including, but not limited to:

specified  climatic  and  mechanical  conditions  according  to  4.9  (temperature,  humidity, vibration, etc.);

      electrical characteristics according to 4.4.7.1 (expected impulse voltage, working voltage,

temporary overvoltage, etc.); or
      micro-environment according to 4.4.7 (pollution degree, humidity, etc.).

Components evaluated according to relevant product standards in 4.13 are considered to meet these requirements and do not need any further investigation, if tested under conditions that fulfill the conditions for which the PECS is designed.
Clearance and creepage distances for supplementary insulation, double insulation and reinforced insulation, designed according to 4.4.7.4 and 4.4.7.5, are considered to meet these requirements and do not need any further investigation.

Functional insulation on printed wiring boards (PWB) and between legs of components assembled on PWBs not fulfilling the requirements for clearance and creepage distance in
4.4.7.4 and 4.4.7.5 shall meet the requirement of 4.4.7.7.

Consideration shall be given to potential safety hazards associated with major component parts of the PECS, such as flammability of transformer and capacitor fluids.

4.3     Short-circuit and overload protection
4.3.1      General
The PECS shall not present a hazard under short-circuit or overload conditions at any port, including phase to phase, phase to earth and phase to neutral. Adequate information shall be provided in the documentation to allow proper selection of external wiring and protective devices (see 6.3.9.6) taking into account the automatic disconnection of supply in 4.4.4.4.

To ensure proper coordination with short-circuit protective devices (SCPD) and the available prospective short-circuit current, the PECS manufacturer shall specify and test for each mains supply port of the PECS:

      conditional short-circuit current (Icc) according to 4.3.2.2; or
      short-time withstand current (Icw) according to 4.3.2.3.

Individual mains supply ports of a PECS shall have specific short-circuit ratings of either Icc or
Icw, or of both.
Only in case where compliance does not rely on the current limiting characteristic of SCPD, the
Icw in 4.3.2.3 can apply.

In case an output port is connected or intended to be connected to the input mains supply port, the output port shall also be specified with an Icc or Icw rating (e.g. bypass between input mains supply port and output port).

For marking, see 6.2.1.

See Annex N for further information.

Protective systems or devices shall be provided or specified in sufficient quantity and location so as to detect and/or interrupt or limit the current flowing in any possible fault current path, caused by any internal or external faults.

NOTE 1   In this document, the term "overcurrent" covers both short-circuit and overload.
NOTE 2   Local installation codes will still usually require provision of such protection for the purposes of protecting the input wiring in the installation.
If the PECS complies with all normal, abnormal and single fault conditions in this document without such protection provided, specification of overcurrent protection for input circuits is not necessary for the protection of the PECS.

No protection is required against overcurrent to earth on ports that either
      has no connection to earth; or

has double insulation or reinforced insulation between live parts and all parts connected to earth.
NOTE 3   Under a single fault condition in an IT system, no short-circuit current or a limited short-circuit current will flow. The interruption of the short-circuit current in an IT system (see 4.4.7.1.5) is done when a second fault occurs. Typically, only detection is done after the first fault in an IT system.

NOTE 4   Where double insulation or reinforced insulation is provided, a short-circuit to earth would be considered to be two faults.

For PECS designed as pluggable equipment type A, the protective device is provided in the installation and shall not require any specific characteristics other than that required in local installation codes.

For PECS designed as pluggable equipment type B or permanently connected equipment, this protection may be provided by devices external to the PECS, in which case the documentation shall state the need for the protection to be provided in the installation and shall include the specifications for the required short-circuit and/or overload protection (see 6.3.9.6).

NOTE 5   IEC 60364 (all parts) provides requirements for short-circuit and overload protection of the input wiring in the installation. The above requirement ensures that the user is informed about any special characteristics of the protective devices for the protection of the PECS, in addition to the requirements in IEC 60364 (all parts) or other local installation codes.

If a protective device interrupts the neutral conductor, it shall also simultaneously interrupt all other supply conductors of the same circuit. It is permissible for the protective device to interrupt the neutral conductor after the other supply conductors of the same circuit are interrupted.
For PECS that can not deliver short-circuit currents which are able to open SCPD, the output short-circuit test 5.2.4.4 may be omitted.

Compliance shall be checked by analysis of single fault conditions according to 4.2 and by the tests of 5.2.4.4 and 5.2.4.5.

4.3.2      Input short-circuit withstand strength and output short-circuit current ability
4.3.2.1       General
The interrupting capability of the overcurrent protective device shall be equal or greater than the prospective short-circuit current of the mains supply or non-mains supply.

Protective devices provided or specified shall have adequate breaking capability to interrupt the maximum prospective short-circuit current specified for the port to which they are connected.

If the result of one test is representative of the worst case, less severe combinations need not be tested.
4.3.2.2       Conditional short-circuit current (Icc) on input ports
In case where the PECS manufacturer selects the conditional short-circuit current (Icc) rating according to 4.3.1, the following shall be specified:
      conditional short-circuit current (Icc);
      characteristics of the short-circuit protective device; and
      minimum required prospective short-circuit current (Icp,mr).

Compliance is shown through evaluation according to 4.2, to determine the appropriate combination of testing according to 5.2.4.4, 5.2.4.6 and 5.2.3.11.3 in order to evaluate single fault conditions and abnormal operating conditions.
4.3.2.3       Short-time withstand current (Icw) on input ports
When the PECS manufacturer selects the short-time withstand current (Icw) rating according to

4.3.1, the following shall be specified:
      short-time withstand current (Icw);
      associated duration; and
      peak withstand current (Ipk).
Compliance is shown through evaluation according to 4.2 to determine the appropriate combination of testing according to 5.2.3.11.3 and 5.2.4.4.3 in order to evaluate single fault conditions and abnormal operating conditions.

4.3.2.4       Output short-circuit current ability
The ability of the PECS to deliver a current, in the event of a short-circuit at the output, shall be defined in amperes and time.

NOTE   The specification of current and time is to ensure sufficient information selecting the protective downstream device for the final application.
Compliance is verified by test in 5.2.4.4. For marking, refer to 6.2.

4.3.2.5       Combined input and output ports
For ports which are both input and output ports, the applicable requirements of both 4.3.2.1 and
4.3.2.4 apply.

4.3.3      Short-circuit coordination (backup protection)
Protective devices provided or specified shall have adequate breaking capability to interrupt the
prospective short-circuit current specified for the port to which they are connected.
For PECS designed as pluggable equipment type A, either the PECS shall be designed so that the building installation provides short-circuit backup protection, or additional short-circuit backup protection shall be provided as part of the PECS.

For PECS designed as pluggable equipment type B or permanently connected equipment, it is permitted for short-circuit backup protection to be in the building installation.
If internal protection of the PECS is not rated for the prospective short-circuit current, the documentation shall specify an upstream protective device, rated for this prospective short- circuit current of that port. Analysis shall ensure the protection coordination so that the external protection opens before the internal protection.
NOTE   IEC 60364 provides requirements for upstream protective devices of the backup protection in the installation. The above requirement ensures that the user is informed about any special characteristics of the upstream protective devices for the backup protection of the PECS, in addition to the requirements in IEC 60364 or other local installation codes.

Compliance shall be checked by visual inspection in 5.2.1 and simulation or by the tests of

5.2.4.4 and 5.2.4.5.

For marking, refer to 6.3.9.6.

4.3.4      Protection by several devices
Where protective devices that require manual replacement or resetting are used in more than one pole of a supply to a given load, those devices shall be located together. It is permitted to combine two or more protective devices in one component.

Compliance shall be checked by visual inspection in 5.2.1. For marking, see 6.5.6.

4.4     Protection against electric shock
4.4.1      General
Protection  against  electric  shock  depends  on  the  decisive  voltage  class  from  4.4.2  and protection requirements from 4.4.2.7 and shall be provided by at least one of the following means:

      basic protection from 4.4.3 in combination with fault protection from 4.4.4; or
      enhanced protection from 4.4.5.
Protection under normal operating conditions is provided by basic protection, and protection under single fault conditions is provided by fault protection.

Enhanced protection provides protection under both normal operating conditions and single fault conditions.

For the use of means of basic protection in combination with fault protection and enhanced protection, see 4.4.6 for different constructions.

Basic protection, fault protection and enhanced protection may be achieved by means of

      clearance and creepage distances (4.4.7.4 and 4.4.7.5);

      solid insulation (4.4.7.8);

      protection by means of enclosure and barriers (4.4.3.3); or
      a combination of those means.

Figure 1 and Figure 2 provide an overview of the fundamental concept for protection against electric shock according to IEC 61140:2016.

Where not stated otherwise in this document, protection against electric shock is based on the body reaction ventricular fibrillation.
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Concept                                                                Means
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Concept of IEC 62477-1 following the fundamental concept of
IEC 61140:2016


Basic protection 4.4.3
•   Basic insulation of live parts
4.4.3.2;

•   Enclosures or barriers 4.4.3.3.


Fault protection 4.4.4.1
•   Protective equipotential bonding
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4.4.4.2 in combination with the PE
conductor 4.4.4.3;

•   Automatic disconnection of supply
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4.4.4.4;

•   Supplementary insulation 4.4.4.5;

•   Basic protection between circuits

4.4.4.6; or
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•   Electrically protective screening
4.4.4.6.
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Enhanced protection 4.4.5.1
•   Double insulation 4.4.5.2;

•   Reinforced insulation 4.4.5.3;

•   Enhanced protection between circuits 4.4.5.4; or
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•   Protection by means of protective impedance 4.4.5.5
	
	Examples
	
	Means
	

	Class I equipment 4.4.6.2
Basic protection 4.4.3                                   Fault protection 4.4.4.1
One or combination of:

Basic protection by                                        •   Protective equipotential bonding
4.4.4.2;
Example 1                                 •   Solid insulation 4.4.3.2; or                + •   Automatic disconnection of supply
•   Clearance 4.4.3.2 together with                   (4.4.4.4);
enclosure or barrier 4.4.3.3                      •   PE conductor 4.4.4.3; or
•   Protective screening 4.4.4.7.
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Class II equipment 4.4.6.3
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Example 2
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Example 3
Figure 1 – Protective means for protection against electric shock considering Class I
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equipment and Class II equipment
Examples                                                                          Means
Class III equipment 4.4.6.4 or accessible circuits of DVC As 4.4.2.2
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Example 4
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Figure 2 – Protective means for protection against electric shock considering Class III
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equipment or accessible circuits of DVC As
Additional  protection  according  to  IEC 61140:2016  can  be  provided  by  residual  current- operated protective devices (RCD). For further information, see 4.4.8.

NOTE   In  this  document,  4.4.1  to  4.4.6  have  been  harmonized  with  the  concepts  of  the  horizontal  standard IEC 61140:2016 for protection against electric shock. Basic protection, fault protection, enhanced protection and the combination of those means have been implemented.
4.4.2      Decisive voltage class
4.4.2.1       General
This document considers three different types of circuits for the protection against electric shock: DVC As, DVC B and DVC C.

The determination of a decisive voltage class includes the following considerations:

      environmental conditions (dry, wet or salt-water-wet) for DVC As;
      normal operating conditions and single fault conditions for DVC As;

      size of body contact surface area for DVC As;
      maximum working voltage (AC RMS, AC peak and DC) (see Table 2);

      protection  requirement  between  circuits  and  between  circuits  and  surroundings  (see

Table 3); and
      impulse withstand voltage (see Table 2 and Table 7).
The manufacturer defines the DVC for the individual output circuits and provides this information with the documentation (see 6.2).

Input/output circuits with rated voltages within the limits of DVC As shall be investigated as DVC As circuits. Only circuits which are classified as DVC As shall be accessible to ordinary person.
For marking, see 6.2.1.3.

The probability of electric shock increases with voltage level, surface area of the conductive accessible part or circuit in contact with the skin and the humidity condition of skin. To reduce the likelihood of electric shock, it is important to determine the safe decisive voltage class (DVC As).

For the selection of the relevant decisive voltage class for accessible circuits, the following apply:

      the reaction of the body (perception, pain, let-go, ventricular fibrillation);


the area of the accessible part of the PECS in relation to the area of the part of the body that may contact the accessible part; and
      the humidity condition of the body skin (dry, water-wet, saltwater-wet).
The values in Table 2 are based on a current path from the contact area hand to feet with the person in standing position, unless otherwise noted.
NOTE   1   For   further   information   about   body   reactions,   contact   areas   and   humidity   skin   condition,   see
IEC 60479‑1:2018.
NOTE 2   The design of a safe to touch DVC As circuit is simplified in this document. A more complex approach
considering the body reaction, contact area and humidity skin condition as described in IEC 60479-1:2018 for the determination of DVC As can be used in a risk assessment (see IEC Guide 116) to show that an equivalent protection against electric shock is achieved.

4.4.2.2       DVC As
Under normal operating conditions, abnormal operating conditions and single fault conditions, the DVC As circuit shall meet the minimum requirements of:

      the voltage limits according to Table 2; and
      the protection requirement to the surroundings and adjacent circuits according to Table 3. See Clause A.2, Clause A.3 and Clause A.4 for examples of these means.

NOTE   Within the PECS, this document allows more than one DVC As circuit with different levels of DVC As.

4.4.2.3       DVC B
DVC B circuit shall meet the requirements of:

      the voltage limits according to Table 2;
      the protection requirement to the surroundings and adjacent circuits according to Table 3;

and

      an  impulse  withstand  voltage  according  to  Table 7  determined  by  the  requirement  of

4.4.7.2.4.
4.4.2.4       DVC C
DVC C circuit shall meet the requirements of:

      the voltage limits according to Table 2;
      protection of persons and protection to the surroundings and adjacent circuits according to

Table 3; and

an impulse withstand voltage and temporary overvoltage according to Table 7 determined by the requirements of 4.4.7.1 to 4.4.7.4.

The protection requirements to other DVC C circuits shall be based on the consequence of a single fault condition (see 4.2). The protection shall be based on the highest working voltage and impulse withstand voltage.

4.4.2.5       Interconnection of external SELV/PELV to DVC As circuits
External SELV/PELV circuits intended to be connected to the PECS shall be investigated per their rated voltage at the point of interconnection according to DVC As or DVC B as defined in Table 2.

NOTE   For values of SELV/PELV, refer to IEC 61140:2016, 5.2.6.
The DVC classification of the external circuits shall ensure that the external voltage does not violate  the  DVC As  classification  for  the  PECS  considering  the  environmental  conditions specified.
For marking, see 6.3.9.1.

4.4.2.6       Determination of the decisive voltage class (DVC)
The decisive voltage class (DVC) is used to determine the required level of protection from circuits to their surroundings in Table 3. For determination of the working voltage, see 4.4.7.1.2.

Examples for determination of the DVC are given in Clause A.5. Limits for the working voltage for DVC are given in Table 2.

Table 2 – Voltage limits for the decisive voltage classes DVC
	DVC
	Limits of working voltage

	
	During normal operation conditions
V
	During single fault
conditions and abnormal operating conditions
V

	
	AC voltage
(RMS)
UAC 
	AC voltage
(peak)
Upeak
	DC voltage
(mean)
UDC
	Impulse withstand voltage
Upeak c
	Voltage
(AC peak or DC) b

	DVC As
(wet and salt water-wet) d, e
	6
	8,5
	15
	800
	see Figure 5 and Figure 6

	DVC As f
(dry)
	25 (30)
	35,4 (42,4)
	60
	
	

	DVC B
	50
	71
	120
	According to

Table 7 a
	

	DVC C
	1 000
	4 500 g
	1 500
	
	--

	a      For non-mains supply, see 4.4.7.2.4.

b      Single pulses relate to DC voltage limits and repetitive pulses relate to AC voltage limits.

c      Maximum transients with the 1,2/50 µs impulse characteristic as design criteria. Refer to Table 7.

d      Values are derived from IEC 61140:2016, 5.2.6.
e      For climatic conditions, refer to Table 18.

f       Values in brackets are permitted if only one circuit is provided or circuits are not simultaneously accessible.

g
The value of 4 500 V allows all low-voltage products to be covered by this document (possible reflections up to 3 × √2 × 1 000 V = 4 242 V).


Within a time according to Figure 5 and Figure 6, the voltage shall decrease to the steady state value given in Table 2 or the fault shall be interrupted by a protective device. Under fault conditions where a protective device is used, the characteristics of such device shall ensure that the time-voltage limits given in Figure 5, Figure 6 and Figure 7 are not exceeded. If an external protective device is used, information on characteristics of such device shall be specified by the PECS manufacturer in the documentation according to 6.3.9.6.

For testing, see 5.2.4.

If the test results in a failure, additional means is required for protection against electric shock according to 4.4.3.

4.4.2.7       Requirements for protection against electric shock
Table 3  shows  possible solutions  for  compliance with  4.4  for  the  application of  enhanced protection or basic protection, dependent on the DVC of the circuit under consideration and of adjacent circuits.

The requirements of this document for protection against electric shock may be fulfilled by other means than shown in Table 3, in which case failure analysis according to 4.2 and testing shall show that the requirements of 4.1 and 4.4 are met.
Table 3 – Minimum protection requirements for circuit under consideration
[image: image147.png]


not
To ensure the integrity of the protection of the PECS, the manufacturer of a PECS shall state the maximum voltage allowed to be connected to each port.

For marking, see 6.3.9.1.

4.4.3      Means for basic protection (protection against direct contact)
4.4.3.1       General
4.4.3 describes the means of basic protection. To prevent persons from touching hazardous live parts under normal operating condition, basic protection is employed. It shall be provided by means given below as specified in 4.4.1:

      protection by means of basic insulation of hazardous live parts in 4.4.3.2; or
      protection by means of enclosures or barriers in 4.4.3.3.
4.4.3.2       Protection by means of basic insulation of hazardous live parts
Basic insulation shall be provided by means of
      solid insulation; or

clearance and creepage distances in combination with means of enclosures or barriers according to 4.4.3.3.

The insulation shall be rated according to the impulse withstand voltage, temporary overvoltage
or working voltage (see 4.4.7.2.1), whichever gives the most severe requirement. It shall not be possible to remove the insulation without the use of a tool or key.

A conductive accessible part is considered to be conductive if its surface is bare or is covered by an insulating layer that does not comply with the requirements of at least basic insulation.

Any conductive accessible part is considered to be a hazardous live part if not separated from the live parts by at least the minimum protective requirements specified in Table 3.

The basic insulation shall be designed and tested according to the impulse withstand voltages and temporary overvoltages for the circuits to which they are connected.

Compliance is shown by test of 5.2.3.2 and 5.2.3.4.

4.4.3.3       Protection by means of enclosures or barriers
Hazardous live parts shall be arranged in enclosures or located behind enclosures or barriers, which    meet    at    least    the    requirements    of    IP2X    according    to    IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013.

However, hazardous live parts located at the top surfaces of enclosures or barriers which are accessible when the PECS is energized shall meet at least the requirements of type IP3X with regard to vertical access only.

For PECS designed as movable equipment with no defined top and bottom, this requirement of

IP3X applies to all sides.

If the PECS is installed in a restricted access area, IPXXB instead of IP3X applies. Openings in the enclosure above 1,8 m shall comply with IPXXB.
Compliance is checked by test of 5.2.2.2.

Opening enclosures or removing barriers shall be possible only through:

      the use of a tool or key; or
      after de-energization of hazardous live parts.
Where  the  enclosure  is  intended  to  be  opened  by  skilled  persons  only  and  the  PECS  is energized during installation or maintenance:
a)  accessible hazardous live parts shall be protected by at least IPXXA;

b)  hazardous  live  parts  that  are  likely  to  be  touched  when  making  adjustments  shall  be protected by at least IPXXB; and
c)  it shall be ensured that persons are aware that hazardous live parts are accessible, and shall be marked per the requirements in 6.3.9.1 and 6.5.1.

The  protective means  against  access  to  hazardous live  parts  by  means of  enclosure and barriers according to 4.4.3.3 does not apply to open type sub-assemblies and PECS intended to be installed

      inside a supplementary enclosure in the end application; or
      in a restricted access area. when marked according to 6.3.6.2.

4.4.4      Means for fault protection (protection against indirect contact)
4.4.4.1       General
Subclause 4.4.4 describes the means for fault protection. Fault protection is required to prevent electric shock which can result from contact with conductive accessible parts during and after a failure.

The fault protection shall be provided by one or more of the following means:

      protective equipotential bonding (circuit) in 4.4.4.2 in combination with a PE conductor in
4.4.4.3;

      automatic disconnection of supply in 4.4.4.4;
      supplementary insulation in 4.4.4.5;
      basic protection between circuits in 4.4.4.6; or
      electrically protective screening in 4.4.4.7.
Means  used  for  fault  protection  shall  be  independent  and  additional  to  those  for  basic protection.

4.4.4.2       Protective equipotential bonding (circuit)
4.4.4.2.1        General
Protective equipotential bonding is a means for fault protection to enable protection against electric shock.

The protective equipotential bonding circuit consists of the interconnection of:

      PE terminal(s) of the PECS (see 4.4.4.3.2);

the PE conductors (4.4.4.3) within and between the parts of the PECS including sliding contacts where they are part of the circuit; and
      the conductive structural parts and conductive accessible parts of the PECS.

Protective equipotential bonding shall be provided between conductive accessible parts of the PECS and the means of connection for the PE conductor in 4.4.4.3.2, to ensure automatic disconnection       of        the        supply        according       to        IEC 60364-4-41:2005       and IEC 60364-4-41:2005/AMD1:2017,  Clause 411   (see   Annex Q),   except   where   conductive accessible parts are protected by one of the means for enhanced protection in 4.4.5.4.

Protective equipotential bonding shall be suitably protected against mechanical damage, chemical or electrochemical degradation, electromagnetic and thermodynamic forces.

The electrical connection points of the protective equipotential bonding shall be corrosion- resistant.

Electrical connections of  protective equipotential bonding circuit shall be designed so that contact pressure is not transmitted through insulating material, unless there is sufficient resilience in the metallic parts to compensate for any possible shrinkage or distortion of the insulating material.

Every connection (e.g. screwed, clamps) between protective equipotential bonding and other equipment shall provide durable electrical continuity and adequate mechanical strength and protection.

Screws for connecting protective equipotential bonding shall not serve any other purpose except when the manufacturer specifies this in the documentation.

Electrical contact to the means of connection of the PE conductor shall be achieved by one or more of the following means:

      through direct metallic contact (see Figure 4, key 8);

through other  conductive accessible parts  or  other  metallic  components which  are  not removed when the PECS is used as intended; or
      through metal enclosures, walls or frames.
When painted surfaces (in particular powder painted surfaces) are joined together, masking of paint, paint piercing methods or a separate connection shall be made to ensure reliable contact.

Where  electrical  equipment  is  mounted  on  lids,  doors,  or  cover  plates,  continuity  of  the protective equipotential bonding circuit shall be ensured by a dedicated conductor or equivalent means  complying  with  the  requirements  for  protective  equipotential  bonding.  If  fasteners, hinges or sliding contacts do not provide and guarantee low enough impedance, sufficient parallel bonding is required.
Unless specified by the manufacturer and in compliance with 4.4.4.2.2, metal ducts of flexible or rigid construction and metallic cable sheaths shall not be used as protective equipotential bonding means. Nevertheless, such metal ducts, the metal sheathing of all connecting cables (for example cable armoring, lead sheath) shall be connected to the protective equipotential bonding circuit.

Where  hazardous voltage on  unused conductors is  present due  to  capacitive or  inductive coupling from adjacent conductors, the unused conductors shall be connected to the protective equipotential bonding circuit.

The protective equipotential bonding circuit shall not incorporate a component such as switch or overcurrent protective devices which may open the circuit.

For marking, see 6.3.9.3.

Figure 3 shows an example of a PECS assembly and its associated protective equipotential bonding.
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Key
1       internal protective equipotential bonding of subsystems (4.4.4.2)

2       internal protective equipotential bonding (4.4.4.2)

3       external PE conductor (dimensioned according to PECS requirements) to installation earthing point
4       internal earth bar

5       hinge

6       protective equipotential bonding conductor to the load (4.4.4.2)

7       not used
8       not used
9       enclosure (4.12)

10     means of connection for the PE conductor (4.4.4.3.2)
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EE    other electrical equipment (bonded as relevant for that equipment)

Figure 3 – Example of a PECS assembly and its associated protective equipotential bonding
Figure 4 shows an example of a PECS assembly and its associated protective equipotential bonding through direct metallic contact.
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Key
1       internal protective equipotential bonding of subsystems

2       internal protective equipotential bonding (4.4.4.2)

3       external PE conductor (dimensioned according to PECS requirements) to installation earthing point
4       not used
5       hinge

6       protective equipotential bonding conductor to the load (4.4.4.2)

7       metal subplate

8
internal   protective   equipotential   bonding   through   direct   metallic   contact   according   to   manufacturer’s documentation

9       enclosure (4.12)

10     means of connection for the PE conductor (4.4.4.3.2)

EE    other electrical equipment (bonded as relevant for that equipment)

Figure 4 – Example of a PECS assembly and its
associated protective equipotential bonding through direct metallic contact
4.4.4.2.2        Rating of protective equipotential bonding
Protective equipotential bonding shall either be:

a)  sized in accordance with the requirements for the PE conductor in 4.4.4.3 and the means of connection for the PE conductor in 4.4.4.3.2 to ensure no voltage drop exceeding the limits from Figure 7 during a fault; or

b)  sized:


to withstand the highest stresses that can occur to the PECS item(s) concerned when they are subjected to a fault connecting to conductive accessible parts; and


to remain effective for as long as a fault to the conductive accessible parts persists or until an upstream protective device removes power from the part.

Compliance shall be checked with the type tests in 5.2.3.11.

4.4.4.3       PE conductor
4.4.4.3.1        General
A PE conductor shall be connected at all times when power is supplied to the PECS, unless the PECS complies with the requirements of class II equipment (see 4.4.6.3) or class III equipment (see 4.4.6.4). Unless local wiring regulations state otherwise, the PE conductor cross-sectional area shall be determined from Table 4 or by calculation according to IEC 60364-5-54:2011,
543.1.
If the PE conductor is routed through a plug and socket, or similar means of disconnection, it shall not be possible to disconnect it unless power is simultaneously removed from the part to be protected.

Table 4 – PE conductor cross-sectional area
	Cross-sectional area of phase conductors of the PECS
S
mm2
	Minimum cross-sectional area of the corresponding
PE conductor
Sp a
mm2

	S ≤ 16
16 < S ≤ 35
35 < S
	S
16
S/2

	a
These values are valid only if the PE conductor is made of the same material as the phase conductors. In case of different materials, the cross-sectional area of the PE conductor shall be determined in a manner which produces a conductance equivalent to that which results from the application of this table.


The cross-sectional area of every PE conductor that does not form part of the supply cable or cable enclosure shall, in any case, be not less than:
      2,5 mm2 if mechanical protection is provided; or
      4 mm2 if mechanical protection is not provided.
Provisions within cord-connected PECS shall be made so that the PE conductor in the cord shall,  in  the  case  of  failure  of  the  strain-relief  mechanism,  be  the  last  conductor  to  be interrupted.

For special system topologies, the PECS designer shall verify the PE conductor cross-section required.
4.4.4.3.2        Means of connection for the PE conductor
PECS shall have a means of connection for the PE conductor, located near the terminals for the respective phase conductors. The means of connection shall be corrosion-resistant and shall  be  suitable  for  the  connection  of  conductors  according  to  Table 4  and  of  cables  in accordance with the wiring rules applicable at the installation (see 4.4.4.3.3, 4.11.10.2 and

4.11.10.3).

The means of connection for the PE conductor shall not be used as a part of the mechanical assembly  of  the  PECS  or  for  other  connections. Connection and  bonding  points  shall  be designed so that their current-carrying capacity is not impaired by mechanical, chemical, or electrochemical influences.

Clamping screws and nuts for the PE conductor shall not serve to fix any other component
although they may hold the terminals in place or prevent them from turning.

Where enclosures and/or conductors of aluminium or aluminium alloys are used, particular attention should be given to the problems of electrolytic corrosion.
Annex K provides further information about electrochemical potentials. Compliance shall be checked by visual inspection in 5.2.1.

For marking, see 6.3.9.2.2.

The marking shall not be placed on or fixed by screws, washers or other parts which might be removed when conductors are being connected.
4.4.4.3.3        Requirements for reinforced PE conductor
4.4.4.3.3.1        General
The  requirements of  4.4.4.3.3 shall  be satisfied to  prevent conductive accessible parts  to become hazardous in case of damage to or disconnection of the PE conductor thereby affecting the touch current. It also addresses issues with PECS having high leakage current.

4.4.4.3.3.2        PECS designed as pluggable equipment type A
For pluggable equipment type A, the touch current shall not exceed the limits specified in

Table 5.

4.4.4.3.3.3        PECS designed as pluggable equipment type B and permanently connected equipment
For pluggable equipment type B and permanently connected equipment, a)  the touch current shall not exceed the limits specified in Table 5; or
b)  a pluggable equipment type B connection with a minimum PE conductor cross-sectional area of 2,5 mm2 as part of a multi-conductor power cable, and a strain relief according to

4.12.6 shall be used; or
c)  one of the following items shall be provided:
–    a cross-sectional area of the PE conductor of at least 10 mm2 Cu or 16 mm2 Al;
–    automatic disconnection of the supply in case of discontinuity of the PE conductor in
4.4.4.4;

–
an additional terminal for a second PE conductor of the same cross-sectional area as the original PE conductor in Table 4; or
–
the  PE  conductor  according  to  Table 4  is  completely  enclosed  within  electrical equipment enclosures or otherwise protected throughout its length against mechanical damage (see 4.11.2.2).

Compliance is checked by visual inspection in 5.2.1 and by test of 5.2.3.7. For marking, see 6.3.9.4.

4.4.4.3.3.4        High leakage current conditions for permanently connected PECS
During normal operating conditions, the PE conductor current (RMS) shall not exceed 5 % of the rated input current of permanently connected PECS.
If the above requirement is not achievable for functional or other reasons, the manufacturer shall provide information in the documentation about the required protective means such as:

      an oversized PE conductor; or

protective equipotential bonding between the PECS and simultaneously accessible external conductive objects within 2,5 m such as the following:

–    metallic pipes;

–    fences;

–    fixed ladders;

–    handrails;

–    a connection to local earth.

NOTE   Refer to IEC 60204-1:2016, Figure 4.

Compliance is checked by test of 5.2.3.7. For marking, see 6.3.9.4.

4.4.4.4       Automatic disconnection of supply
For automatic disconnection of supply:

      a protective equipotential bonding system shall be provided; and

a protective device operated by the fault current shall disconnect one or more of the phase conductors supplying the PECS or installation, in case of a failure of basic protection.

The protective device shall be the same type as specified in 4.3.1.

The protective device shall interrupt the fault current within a time as specified in Figure 5, Figure 6 or Figure 7.

[image: image3.png]Voltage DC (V)

1000

100 NEEEREE
[ T T T 11

-‘\‘---II

10 100 1000 10 000
Time(ms)

e= = DVC Asdry DC ems DV/C B dry DC e «» == D\/C As wet and saltwater wet DC

IEC




Figure 5 – Time-voltage zones for accessible circuits of DVC As and DVC B – DC during single fault conditions
[image: image4.png](A) yead Dy a3ejon

10 000

1000

100

Time (ms)

DVC B dry AC peak

e= = DVC As dry AC peak

== = DVC As wet and saltwater wet AC peak

IEC




Figure 6 – Time-voltage zones for accessible circuits of DVC As and DVC B – AC peak during single fault conditions
NOTE   DC voltage limits in Figure 5 provide information about risk of internal burn of the human body considered just as harmful as the AC voltage. Figure 6 provides information about the limits for ventricular fibrillation which only apply to AC voltages.
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Figure 7 – Time-voltage zones for conductive accessible parts during single fault conditions
4.4.4.5       Supplementary insulation
Supplementary insulation is an independent insulation applied in addition to basic insulation for fault protection and shall be dimensioned to withstand the same stresses as specified for basic insulation.

4.4.4.6       Basic protection between circuits
Basic protection between a circuit and other circuits or earth shall be achieved by basic insulation throughout, rated for the highest voltage present.

If any component is connected between the separated circuits, that component shall withstand the electric stresses specified for the insulation which it bridges (see 4.4.7.1.8).

If any component is connected between a circuit and a circuit connected to earth, its impedance shall limit the current flow through the component to the steady-state touch current values indicated in 4.4.5.5.

If one or more components are connected between circuits and a circuit connected to earth, their impedance shall limit the total current flow through the component(s) to the steady-state touch current values indicated in 4.4.5.5.

4.4.4.7       Electrically protective screening
Electrically protective screening interposed between hazardous live  parts of  a  PECS shall consist of a conductive screen connected to the protective equipotential bonding of the PECS whereby the screen is separated from hazardous live parts by at least basic protection.

The conductive screen and the connection to the protective equipotential bonding system of the

PECS and that interconnection shall comply with the requirements of 4.4.4.2.

4.4.5      Means for enhanced protection
4.4.5.1       General
Subclause  4.4.5  describes  the  means  of  enhanced  protection.  Enhanced  protection  shall provide both basic protection and fault protection and can be achived by means of:

      double insulation in 4.4.5.2;
      reinforced insulation in 4.4.5.3;
      enhanced protection between circuits in 4.4.5.4; or
      protection by means of protective impedance in 4.4.5.5.
4.4.5.2       Double insulation
Double insulation shall meet the requirement of basic insulation and supplementary insulation
(see 4.4.3.2 and 4.4.4.5).

4.4.5.3       Reinforced insulation
Reinforced insulation shall be so designed as to be able to withstand electric, thermal, mechanical and environmental stresses with the same reliability of protection as provided by double insulation (basic insulation and supplementary insulation – see 4.4.3.2 and 4.4.4.5).

4.4.5.4       Enhanced protection between circuits
Enhanced protection between a  circuit and  other circuits shall be  achieved by  one  of  the following means:

      double insulation in 4.4.5.2 (basic insulation in 4.4.3.2 and supplementary insulation in
4.4.4.5);

      reinforced insulation in 4.4.5.3;
      electrically protective screening in 4.4.4.7 in combination with basic insulation in 4.4.3.2; or
      a combination of these means.
If any component is connected between the separated circuits, that component shall comply with the requirements for protective impedance devices (see 4.4.5.5).

4.4.5.5       Protection by means of protective impedance
To protect against a hazardous touch current when touching any conductive accessible part of the complete PECS, any impedances connected between hazardous live parts and conductive accessible  parts  or  accessible  circuits  of  DVC As  shall  comply  with  the  requirements  for protective impedances.

Protective impedances shall be arranged so that, under normal operating conditions, abnormal operating conditions and single fault conditions, the available touch current shall be limited according to Table 5 and the discharge energy shall be limited to 0,5 mJ.

Access to parts able to deliver touch currents above the limits of Table 5 shall be prevented under normal operation, single fault conditions and abnormal operating conditions, except for conductive parts connected to PE according to 4.4.4.3.3.

Table 5 – Limits for access of touch current
	Frequency range
	Normal operation condition limita, b, c
	Single fault condition and abnormal operating condition limita, b, d, e

	DC
	2 mA
	10 mA

	AC ≤ 1 kHz
	0,5 mA RMS or 0,7 mA peak
	3,5 mA RMS or 5 mA peak

	1 kHz < AC ≤ 100 kHz
	0,5 mA RMS × frequency in kHz or
0,7 mA peak × frequency in kHz
	3,5 mA RMS + 0,95 × frequency in kHz or
5 mA peak + 0,95 × frequency in kHz

	AC > 100 kHz
	50 mA RMS or 70 mA peak
	100 mA RMS or 140 mA peak

	a
For non-sinusoidal waveforms, the peak values apply and the current is measured using the measuring network specified in IEC 60990:2016, Figure 4, for currents up to 2 mA or IEC 60990:2016, Figure 5, for currents above

2 mA.

b      For sinusoidal waveforms and DC, the RMS values apply and the current may be measured using a 2 000 Ω

resistor.
c      These limits are the threshold of perception according to IEC 60479-1:2018 and IEC 61140:2016.

d      These limits are the threshold of pain according to IEC 60479-1:2018 and IEC 61140:2016.

e      These fault conditions include loss of PE connection.


A protective impedance designed according to 4.4.5.5 shall not be considered as a galvanic connection.

When protective impedances are used to bridge any insulation, 4.4.7.1.8 applies.

For compliance with the requirement for the limitation of touch currents, see 5.2.3.7.

For  compliance  with  the  requirement  for  the  limitation  of  touch  currents  for  protective impedance, see 5.2.3.6.

Compliance with the requirement for the discharge energy shall be checked by performing calculations and/or measurements to determine the voltage and capacitance.
For marking, see 6.3.9.4.

4.4.6      Protective means for equipment classes
4.4.6.1       General
That part of a PECS which meets the requirements of 4.4.6.2 is defined as class I equipment. That part of a PECS which meets the requirements of 4.4.6.3 is defined as class II equipment. That part of a PECS which meets the requirements of 4.4.6.4 is defined as class III equipment.

Compliance shall be checked by satisfying the requirements for class I, class II or class III
equipment.

NOTE   A part of a PECS can constitute equipment of a different class than the rest of the system.

Figure 1 and Figure 2 provides examples of the use of elements of protective means relevant for class I, class II and class III equipment and circuits.
Class I, class II and class III equipment shall be marked according to 6.3.9.2.

4.4.6.2       Protective means for PECS designed as class I equipment
Class I equipment shall meet the requirements for:

      basic protection in 4.4.3; and
      fault protection in 4.4.4.2 and 4.4.4.3 with respect to protective equipotential bonding and

PE conductor.
See Figure 1, example 2, and Table A.1, row 4.
4.4.6.3       Protective means for PECS designed as class II equipment
Class II equipment shall meet the requirements for enhanced protection according to 4.4.5.1.

In addition, the enclosure shall meet the requirement in 4.4.3.3 with respect to accessibility to

hazardous live parts.

See Figure 1, example 1, and Table A.1, row 4.
Class II equipment shall not have means of connection for the PE conductor. This does not apply if a PE conductor is passed through the PECS to equipment series-connected beyond it.

In the latter case, the PE conductor and its means for connection shall be separated from:

      accessible surface of the PECS; and
      circuits which employ enhanced protection
with at least basic protection according to the requirement in 4.4.4.6.

The basic protection shall be designed according to the rated voltage of the series-connected equipment.

PECS designed as  class II  equipment may  have means for  the  connection of  an  earthing conductor for functional reasons or for the damping of overvoltages. In this case, the functional earthing conductor shall be separated from:

      accessible surface of the PECS; and
      circuits which employ enhanced protection according to 4.4.5.4
with at least enhanced protection according to the requirement in 4.4.5.4.

NOTE   For        more        information        about        functional        earting,        see        IEC 60364-5-54:2011        and

IEC 60364-5-54:2011/AMD1:2021, 545.
Class II equipment shall be marked according to 6.3.9.2.3.

4.4.6.4       Protective means for PECS designed as class III equipment
Class III equipment shall be marked according to 6.3.9.2.4 and does not need basic protection
or fault protection.

NOTE   Class III equipment relies on being fed from a supply complying with the protective means for DVC As circuits (see 4.4.2.2). Therefore, the class III equipment is considered safe to touch and needs no further protective means for protection against electric shock.

4.4.7      Insulation
4.4.7.1       Influencing factors
4.4.7.1.1        General
Subclause  4.4.7  gives  minimum  requirements  for  insulation,  based  on  the  principles  of
IEC 60664.
Manufacturing tolerances shall be taken into account for the distances in 4.4.7.

Insulation shall be selected after consideration of the following influences:

      working voltage (see 4.4.7.1.2);
      pollution degree (see 4.4.7.1.3);
      overvoltage category (see 4.4.7.1.4)
      supply system earthing (see 4.4.7.1.5);
      impulse withstand voltage and temporary overvoltage (see 4.4.7.1.6);

      system voltage considering the specified supply system earthing (see 4.4.7.1.7);

      altitude and field homogenity (see 4.4.7.4.3; 4.4.7.4.4);
      location of insulation;
      type of insulation; and
      material characteristics (see 4.4.7.5.1, 4.4.7.8.2, 4.4.7.8.4).
Verification of  insulation shall  be  made  according  to  5.2.3.1,  5.2.3.2,  5.2.3.3,  5.2.3.4 and
5.2.3.5, as applicable.

4.4.7.1.2        Working voltage
The working voltage, including RMS, recurring peak and mean values, shall be determined either by calculation, or simulation or by test taking into account the voltage within circuits, against adjacent circuits and against earth.
For guidance, see Clause A.5. For test, see 5.2.3.14.

4.4.7.1.3        Pollution degree
Insulation, especially when provided by clearances and creepage distances, is affected by pollution which occurs during the expected life cycle of the PECS. The micro-environmental conditions for insulation shall be applied according to Table 6.

Table 6 – Definitions of pollution degrees
	Pollution degree
	Description

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

	2
	Normally, only non-conductive pollution occurs. Occasionally, however, a temporary conductivity caused by condensation is to be expected.

	3
	Conductive pollution or dry non-conductive pollution occurs which becomes conductive due to condensation which is to be expected.

	4
	The pollution generates persistent conductivity caused, for example by conductive dust or rain or snow.

	NOTE   These definitions are from IEC 60664-1:2020.


The pollution degree shall be determined according to the environmental condition for which the  product  is  specified.  See  Table 18  for  selection  of  pollution  degree  according  to environmental classification of the installation.

The insulation may be determined according to pollution degree 2 if one of the following applies:

a)  information is provided indicating that the PECS shall be installed in a pollution degree 2 environment;

b)  the  specific  installation  application  of  the  PECS  is  known  to  be  a  pollution  degree 2 environment; or
c)  the  PECS  enclosure  or  coatings  applied  within  the  PECS  according  to  4.4.7.8.4.3  or
4.4.7.8.5 provide adequate protection against what is expected in pollution degree 3 and 4 (conductive pollution and condensation).

Where  internal  condensation  or  accumulation of  water  occurs  during  normal  operation  or maintenance, means shall be taken to prevent degradation of insulation.

For marking, see 6.3.3.

If  operation in  a pollution degree 4  environment is required, protection against conductive pollution shall be provided by means of a suitable enclosure.

NOTE 1   See Annex B for further information about the reduction of pollution degree.

NOTE 2   For  pollution degree  4,  the  dimensions  for creepage  distance  cannot  be  specified where  permanently conductive pollution is present. For pollution degree 3, the surface of the insulation can be designed to avoid a continuous  path  of  conductive  pollution,  for  example  by  means  of  ribs  and  grooves.  Annex D  provides  further information about the evaluation of clearance and creepage distances.
4.4.7.1.4        Overvoltage category (OVC)
The      concept      of      overvoltage      categories      (based      on      IEC 60364‑4‑44:2007,
IEC 60364‑4‑44:2007/AMD1:2015          and           IEC 60364‑4‑44:2007/AMD2:2018          and
IEC 60664-1:2020) is used for PECS energized from the mains supply, and addresses the level
of overvoltage expected. The OVC for non-mains supply is determined by taking into account whether control of overvoltages is provided or not, and whether the PECS is connected to outdoor lines or not, and if so, the length of the lines.
Four categories are considered.
      PECS of overvoltage category IV (OVC IV) is for use at the origin of the installation.

EXAMPLE 1   Electricity meters and primary overcurrent protection equipment and other equipment connected directly to outdoor open lines.


Equipment of overvoltage category III (OVC III) is equipment in fixed installations and for cases  where the reliability and  the  availability of  the  equipment are  subject to  special requirements.

EXAMPLE 2   Switches in the fixed installation and equipment for industrial use permanently connected to the fixed installation.


PECS of overvoltage category II (OVC II) is energy-consuming equipment to be supplied from the fixed installation.

EXAMPLE 3   Appliances, portable tools and other household and similar loads.

If such PECS is subjected to special requirements with regard to reliability and availability,

overvoltage category III applies.


PECS of overvoltage category I (OVC I) is equipment for connection to circuits in which means are taken to limit transient overvoltages to an appropriately low level.

EXAMPLE 4   Equipment containing electronic circuits protected to this level.

NOTE   Unless  the  circuits  are  designed  to  take  the  temporary  overvoltages  into  account,  equipment  of
overvoltage category 1 cannot be directly connected to the mains supply.

The means for reduction of the impulse voltage shall ensure that the temporary overvoltages that could occur are sufficiently limited so that their peak value does not exceed the relevant rated impulse withstand voltage of Table 7 and shall meet the requirement of 4.4.7.2.3, 4.4.7.2.4 and 4.4.7.3 as applicable.
Annex I shows examples of overvoltage category considerations for insulation requirements. For PECS and circuits not intended to be powered from the mains supply, the appropriate

overvoltage category shall be determined as required by the application based on the overvoltage control provided on the supply to the PECS or circuit (see 4.4.7.2.4).

4.4.7.1.5        Supply system earthing
The following three basic types of system earthing are described in IEC 60364-1:2005.


TN system: Has one point directly earthed, the conductive accessible parts of the installation being connected to that point by PE conductors. Three types of TN systems, TN-C, TN-S and TN-C-S, are defined according to the arrangement of the neutral and PE conductors. A corner-earthed TN system or high-leg delta TN system is a TN system with one phase earthed.

TT system: Has one point directly earthed, the conductive accessible parts of the installation being connected to earth electrodes electrically independent of the earth electrodes of the power system. A corner-earthed TT system or high-leg delta TT system is a TT system with one phase earthed.


IT system: Has all live parts isolated from earth or one point connected to earth through an impedance, the conductive accessible parts of the installation being earthed independently or collectively to the system earthing.
NOTE 1   In the USA and Canada, the use of a TT system is not applicable.
NOTE 2   "One point" is typically the star point or a phase but not limited to this.

NOTE 3   For further information about earthing system concepts (e.g. TN-C, TN-S and TN-C-S), see
IEC 60364-1:2005, Clause 312.
NOTE 4   Two cases of delta-connected systems with one point directly earthed are corner-earthed systems and high-leg delta systems. In a corner-earthed system, one phase is directly earthed. In a high-leg delta system, one winding of a delta-connected transformer is centre-tapped, the centre tapping being directly connected to earth.
NOTE 5   For the purpose of connecting the supply transformer to ground, in the USA and Canada the term "bonding" is used instead of "earthing".

In a PECS designed for operation on a corner-earthed or high-leg delta system,


the insulation between phases of the mains supply of PECS, including the earthed phase, may be designed for functional insulation according to 4.4.7.3, and


the circuits within the PECS directly connected to any phase of a corner-earthed or high-leg delta system shall be separated from earthed parts by at least basic insulation.

For marking, see 6.2.1.4.

4.4.7.1.6        Determination of impulse withstand voltage and temporary overvoltage
Table 7 uses the system voltage (see 4.4.7.1.7) and overvoltage category (see 4.4.7.1.4) of the circuit under consideration to determine the impulse withstand voltage. The system voltage is also used to determine the temporary overvoltage for mains supplies.

A PECS having more than one input or output shall be evaluated according to the input or output which gives the most severe requirements. See also 4.4.7.2.5.

Table 7 – Impulse withstand voltage and temporary overvoltage versus system voltage
	Column 1
	2
	3
	4
	5
	6

	System voltage a
V

(see 4.4.7.1.7) Up to and
including
	Impulse withstand voltage
V
	Temporary overvoltage b
V

	
	Overvoltage category (OVC)
	

	
	I
	II
	III
	IV
	

	AC
	DC
	
	
	
	
	RMS/peak

	50
	75
	330
	500
	800
	1 500
	1 250/1 770

	100
	150
	500
	800
	1 500
	2 500
	1 300/1 840

	150
	225
	800
	1 500
	2 500
	4 000
	1 350/1 910

	300
	450
	1 500
	2 500
	4 000
	6 000
	1 500/2 120

	600
	900
	2 500
	4 000
	6 000
	8 000
	1 800/2 550

	1 000
	1 250
	4 000
	6 000
	8 000
	12 000
	2 200/3 110

	--
	1 500c
	6 000
	8 000
	10 000
	15 000
	2 200/3 110

	a
Interpolation of system voltage is not permitted when determining the impulse withstand voltage for mains supply. Interpolation of system voltage is permitted when determining the temporary overvoltage for mains supply.

b      The RMS values are derived using the formula 1 200 V + U0  (where U0  is the system voltage, see 4.4.7.1.7)

from IEC 60664-1:2020.
c      For DC values only.


4.4.7.1.7        Determination of the system voltage for mains supply and non-mains supply
4.4.7.1.7.1        For mains supply
For PECS supplied by an AC mains supply, the system voltage (in column 1 of Table 7) is:


in star point earthed TN and TT systems, the RMS value of the rated voltage between a phase and earth;


in corner-earthed or high-leg delta TN and TT systems, the RMS value of the rated voltage between phases;


in three-phase IT systems for determination of impulse withstand voltage, the RMS value of the rated voltage between a phase and an artificial neutral point (an imaginary junction of equal impedances from each phase);

NOTE 1   For most systems, this is equivalent to dividing the phase-to-phase voltage by √3.
NOTE 2   The phase to an artificial neutral point can be accepted due to systems being well balanced. Under single fault condition, the system voltage will temporarily change to phase-to-phase voltage, but under this single fault condition the impulse withstand voltage is accepted to be reduced by one step according to Table 7.


in three-phase IT systems for determination of temporary overvoltage, the RMS value of the rated voltage between phases; or
      in single-phase IT systems, the RMS value of the rated voltage between supply conductors.

When the supply voltage is rectified DC derived from the AC mains supply, the system voltage is the RMS value of the source AC before rectification, taking into account the supply system earthing (TN, TT or IT).

For  PECS  having  series-connected rectifier  bridges  (12-pulse,  18-pulse,  etc.),  the  system voltage for the determination of impulse withstand voltages is the highest RMS value of the AC voltage before rectification at the rectifier bridge taking into account the supply system earthing (TN, TT or IT).
Voltages generated within the PECS by the secondaries of transformers providing galvanic isolation from the mains supply are also considered to be system voltages for the determination of impulse withstand voltages.

4.4.7.1.7.2        For non-mains supply
For PECS supplied by non-mains supply AC or DC, the system voltage is the RMS value of the supply voltage between phases.

4.4.7.1.8        Components bridging insulation
Components bridging basic insulation, supplementary insulation or reinforced insulation shall comply with the requirements of the level of insulation they are bridging. Refer to 4.13 for component requirements.

4.4.7.2       Insulation to the surroundings
4.4.7.2.1        General
Basic insulation, supplementary insulation, and reinforced insulation between a circuit and its surroundings in 4.4.7.2.3 and 4.4.7.2.4 shall be designed according to the most severe requirements of:

      the impulse withstand voltage;
      the temporary overvoltage; or
      the working voltage
of the circuit.

For clearances and solid insulation, the impulse withstand voltage, the temporary overvoltage
or the working voltage (recurring peak) is used, as described in 4.4.7.2.3 to 4.4.7.2.7.

For creepage distances, the RMS value of the working voltage is used, as described in 4.4.7.5.

NOTE 1   Examples of working voltage with the combination of AC, DC and recurring peaks are on the DC link of an indirect voltage source converter, or the damped oscillation of a thyristor snubber, or internal voltages of a switch- mode power supply. For more information, see Clause A.5.

NOTE 2   The impulse withstand voltage and temporary overvoltage depend on the system voltage of the circuit, and the impulse withstand voltage also depends on the overvoltage category, as shown in Table 7.

4.4.7.2.2        SPD monitoring
If the PECS manufacturer bundles an external SPD with their product, this device shall have a monitoring circuit that enables the PECS to indicate when the device is damaged by an overvoltage. If the SPD is internal to a PECS, the test of 5.2.3.15 applies.

The monitoring of an external SPD and the internal SPD monitoring test described above is not required on SPD circuits that are not part of a reduction of overvoltage category to allow for reduced clearances.

Compliance is determined through visual inspection in 5.2.1 or test according to 5.2.3.15 as appropriate.
4.4.7.2.3        Circuits connected directly to mains supply
Insulation between the surroundings and circuits which are connected directly to the mains supply shall be designed according to the impulse withstand voltage, temporary overvoltage, or working voltage, whichever gives the most severe requirement.

This insulation is normally evaluated to withstand impulse voltages of overvoltage category III, except that overvoltage category IV shall be used when the PECS is connected at the origin of the installation. Overvoltage category II may be used for plug-in PECS.

If means are provided which reduce impulse voltages of overvoltage category IV to values of category III, or values of category III to values of category II, basic insulation and/or supplementary insulation downstream of the SPD may be designed for the reduced values. The requirements for double insulation and/or reinforced insulation shall not be reduced to values less than those required for basic insulation designed to withstand impulse voltages without these means being present.

If the devices used for this purpose can be damaged by overvoltages or repeated impulses, thus decreasing their ability to reduce impulses, they shall be monitored and an indication of their status provided according to 4.4.7.2.2.

NOTE 1   The determined impulse withstand voltage based on the system voltage can be  reduced by means of inherent protection or SPD internal in the PECS or as part of the installation. IEC 61643-12 provides information on the selection and use of such SPD.

NOTE 2   Circuits which are connected to the mains supply via protective impedances according to 4.4.5.5 are not regarded as connected directly to the mains supply.

4.4.7.2.4        Circuits connected directly to non-mains supply
Insulation between the surroundings and circuits connected directly to a non-mains supply shall be designed according to:

      the impulse withstand voltage determined from Table 7 using the system voltage;

      the working voltage; or
      the temporary overvoltage if known to exist due to the nature of the supply;

whichever gives the most severe requirement.

These values are used to enter Table 8 for the design of clearance.

Temporary overvoltage on a non-mains supply shall be determined as follows:

      without detailed knowledge of the temporary overvoltage, it shall be according to Table 7;

or
      if the temporary overvoltage is known, this value shall be used.
In determination of temporary overvoltages on non-mains supply, the following situations should be considered:
      loss of the neutral in a non-mains supply low-voltage system;
      accidential earthing of a non-mains supply low voltage IT system; and

short-circuit in the non-mains supply low voltage installation. For further information, see IEC 60364-4-44:2007, Clause 442.
The insulation between the surroundings and circuits connected directly to a non-mains supply insulation is normally evaluated to withstand impulse voltages of overvoltage category II except a higher overvoltage category shall be used when control of overvoltage is not provided, and when connected to long outdoor lines. For applications and circuits with a known low level of impulse voltages and for which it can be shown that the impulse voltages remain on a low level even under single fault condition, overvoltage category I may be used. This requirement is considered to be met if the expected impulse withstand voltages do not exceed the values given in Table 7 for overvoltage category I at the appropriate system voltage.

NOTE 1   The  overvoltage  category  for  non-mains  supplies  does  not  differ  between  permanently  connected equipment in fixed installations and not permanently connected equipment to the fixed installation.

If means are provided which reduce impulse voltages of overvoltage category III to values of category  II,  or  values  of  category  II  to  values  of  category  I,  basic  insulation  and/or supplementary insulation downstream of the SPD may be designed for the reduced value. The requirements for double insulation and/or reinforced insulation shall not be reduced to values less than those required for basic insulation designed to withstand impulses without these means being present.

If the devices used for this purpose can be damaged by overvoltages or repeated impulses, thus decreasing their ability to reduce impulses, they shall be monitored and an indication of their status provided according to 4.4.7.2.2.

NOTE 2   The determined impulse withstand voltage based on the system voltage can be  reduced by means of inherent protection or SPD internal in the PECS or as part of the installation. IEC 61643-12 provides information on the selection and use of such SPD.

4.4.7.2.5        PECS connected to both mains supply and non-mains supply
For PECS with galvanic isolation between the mains supply and non-mains supply, the impulse voltage ratings of the mains supply and non-mains supply circuits are determined as in 4.4.7.2.3 and 4.4.7.2.4. Thereafter, the effect of reduction of the overvoltage categories (OVC) across the isolation is evaluated as follows.

a)  The  magnitude  of  impulse  voltages  from  the  mains  supply  induced  into  the  circuits connected to the non-mains supply is determined by reducing the OVC of the mains supply by one level, and determining the resulting impulse voltage rating based on mains supply system voltage.

b)  The rating to be used on the circuits connected to the non-mains supply is the higher of the value in 4.4.7.2.4 and the value determined in 4.4.7.2.5 a) above.
c)  The magnitude of impulse voltages from the non-mains supply induced into the circuits connected to the mains supply is determined by reducing the OVC of the non-mains supply by one level, and determining the resulting impulse voltage rating based on non-mains supply system voltage.

d)  The rating to be used on the circuits connected to the mains supply is the higher of the value in 4.4.7.2.3 and the value determined in 4.4.7.2.5 c).

For PECS not providing galvanic isolation between circuits connected to the mains supply and circuits connected to the non-mains supply, the impulse withstand voltage ratings of the mains supply and non-mains supply circuits are determined as in 4.4.7.2.3 and 4.4.7.2.4. The higher of the two impulse withstand voltage ratings is used for the entire combined circuit. For circuits connected to the combined circuit without galvanic isolation, the impulse withstand voltage rating of the combined circuit applies.

NOTE   See Clause I.5 for examples.

4.4.7.2.6        DVC As or DVC B circuits supplied from mains supply or non-mains supply
When circuits of DVC As or DVC B are supplied from the mains supply or non-mains supply through a transformer providing galvanic isolation working at a frequency of 10 kHz or more, the insulation between the circuit and the surroundings may be determined according to the working voltage of the circuit.

In that case, the transformer’s ability to reduce the impulse voltages to values less than the impulse withstand voltage associated with the working voltage determined from Table 7 shall be shown by test in 5.2.3.2, simulation or calculation.

NOTE   The ability of a high frequency transformer to reduce impulse voltages originates from the very low stray capacitance across the galvanic isolation compared to the typical grounding capacitance in a DVC As or DVC B circuit.

4.4.7.2.7        Insulation between circuits
For the design of basic protection and enhanced protection between circuits, the insulation shall be designed according to:

      the circuit having the more severe requirement; or
      the working voltage between the circuits;
whichever gives the most severe requirement.

4.4.7.3       Functional insulation
Functional insulation shall satisfy one of the following requirements a) or b).

a)  It shall meet the clearance and creepage distance requirements for functional insulation
according to 4.4.7.4 and 4.4.7.5.

b)  It shall comply with the decreased spacings requirements of 4.4.7.7.

Where means are provided that reduce transient overvoltages within the circuit from OVC III to values of OVC II, or values of OVC II to values of OVC I, functional insulation may be designed for the reduced values.

Where the circuit characteristics can be shown by testing (see 5.2.3.2) to reduce impulse voltages, functional insulation may be designed for the highest impulse voltage occurring in the circuit during the tests.
4.4.7.4       Clearances
4.4.7.4.1        General
Clearances shall be determined for functional insulation, basic insulation or supplementary insulation directly from Table 8 for inhomogeneous fields.

See 4.4.7.4.4 for reduced clearances due to homogeneous field conditions. For guidance, see Annex O, especially Figure O.1.

See Annex D for examples of the evaluation of clearances.

Table 8 – Clearances for functional insulation, basic insulation or supplementary insulation for inhomogeneous fields
	Column 1
	2
	3
	4
	5
	6
	7

	Impulse withstand voltage d
(from Table 7)
V
	Temporary overvoltage f g
(peak)
(from Table 7)
V
	Working voltage f
(recurring peak) a
V
	Minimum clearances in air up to
2 000 m above sea level
mm

	
	
	
	Pollution degree

	
	
	
	1
	2
	3
	4

	330
	330
	260
	0,01
	0,2 b, c
	0,8 c
	1,6 c

	500
	500
	400
	0,04
	
	
	

	800
	710
	560
	0,10
	
	
	

	1 500
	1 270
	1 010
	0,5
	0,5
	
	

	2 500
	2 220
	2 000
	1,5
	1,5
	1,5
	

	4 000
	3 430 e
	3 090 e
	3,0
	3,0
	3,0
	3,0

	6 000
	4 890 e
	4 410 e
	5,5
	5,5
	5,5
	5,5

	8 000
	6 060 e
	5 460 e
	8,0
	8,0
	8,0
	8,0

	12 000
	9 500 e
	8 550 e
	14
	14
	14
	14

	15 000
	11 780 e
	10 600 e
	18
	18
	18
	18

	NOTE   For determination of reinforced and double insulation, refer to 4.4.7.4.2.

a
This voltage is approximately 0,8 times the voltage required to break down the associated clearance for impulse withstand voltages below 2 500 V and 0,9 times the voltage required to break down the associated clearance for impulse withstand voltages of 2 500 V and above.

b
For printed wiring board (PWB), the values for pollution degree 1 apply except that the value shall not be less than 0,04 mm.
c
The  minimum  clearances  given  for  pollution  degrees 2,  3  and  4  are  based  on  the  reduced  withstand characteristics of the associated creepage distance under humidity conditions.

d
Interpolation of distance is permitted for non-mains supply but not for mains supply. Clearances for impulse withstand voltage is derived from Table F.2 of IEC 60664-1:2020.
e      Clearances for temporary overvoltage and working voltage are derived from Table F.8 of IEC 60664-1:2020.
f
Interpolation of distance is permitted, when clearance is determined from temporary overvoltage and working voltage for circuits connected to mains supply and non-mains supply.

g      The temporary overvoltage is only relevant for determining insulation between surroundings and circuits.


NOTE   If  clearances  are  stressed  with  working  voltages  (recurring  peak)  of  2,5 kV  and  above,  dimensioning according  to  the  breakdown  values  in  Table 8  does  not  provide  operation  without  corona  (partial  discharges), especially for inhomogeneous fields. In order to provide corona-free operation, it is possible either to use larger clearances, as given in Table F.9 of IEC 60664-1:2020, or to improve the field distribution.
Compliance shall be checked according to 5.2.2.1.

4.4.7.4.2        Clearances for reinforced insulation
Clearances for reinforced insulation shall be dimensioned to withstand
      an impulse withstand voltage one step higher in column 1 of Table 8;

      1,6 times the peak temporary overvoltage; or
      1,6 times the peak working voltage.
than required for basic insulation in Table 8.

For values not covered in Table 8, refer to IEC 60664-1:2020, Table F.2 and Table F.7.
4.4.7.4.3        Clearances for use above 2 000 m and/or above 30 kHz
Clearances for functional insulation, basic insulation or supplementary insulation and reinforced insulation for  use  in  altitudes between 2 000 m  and  20 000 m  shall  be  calculated using  a correction factor according to IEC 60664-1:2020, Table A.2, which is reproduced as Table E.1.

In the case of working voltage of frequency greater than 30 kHz, clearances for functional insulation, basic insulation or supplementary insulation and reinforced insulation due to working voltage shall be increased according to the requirements in Annex F. Clearances due to impulse withstand voltage and temporary overvoltage are still determined according to 4.4.7.4.

4.4.7.4.4        Clearances for homogeneous fields
The dimensions in Table 8 correspond to the requirements of an inhomogeneous electric field distribution across the clearance, which are the conditions normally experienced in practice.
If a homogeneous electric field distribution is known to exist, the clearance for basic insulation or supplementary insulation may be reduced to not less than that required by IEC 60664-1:2020, Table F.2 (case B). In this case, the impulse withstand voltage test of 5.2.3.2 shall be performed across the considered clearance.

If working voltages (recurring peak) or temporary overvoltages according to Table 8 are used for the dimensioning of clearance and if these clearances are smaller than the values of Table 8, then an AC or DC voltage test shall be performed.

During the impulse withstand voltage test and AC or DC voltage test, any insulation layers not fulfilling at least basic insulation shall be removed.

NOTE   In case of proving field homogeneity between an insulation and live part, it can be indispensable to provide special made samples, for example having the insulation covered with a conductive layer.

Clearances for reinforced insulation shall not be reduced for homogeneous fields. Compliance shall be checked according to 5.2.2.1.

4.4.7.4.5        Clearance to conductive enclosures
The clearance between any uninsulated hazardous live part and the walls of a metal enclosure
shall be in accordance with 4.4.7.4.

During and following the deflection tests, clearance between any uninsulated hazardous live part and the walls of a metal enclosure shall be in accordance with clearance requirements for basic insulation in 4.4.7.4.

NOTE   The deflection of the enclosure is considered as a single fault condition.

If the design clearance is at least 12,7 mm and the clearance required by Table 8 does not exceed 8 mm, the deflection tests may be omitted.

Compliance is checked by visual inspection in 5.2.1 and by test of 5.2.2.4.2.

4.4.7.5       Creepage distances
4.4.7.5.1        Insulating material groups
Insulating materials are classified into four groups corresponding to their comparative tracking index (CTI) when tested according to IEC 60112:2020, Clause 11:

      Insulating material group I:                   CTI ≥ 600;
      Insulating material group II:                 600 > CTI ≥ 400;
      Insulating material group IIIa:              400 > CTI ≥ 175;
      Insulating material group IIIb:              175 > CTI ≥ 100.
Creepage  distance  requirements  for  PWBs  exposed  to  pollution  degree 3  environmental conditions shall be determined based on Table 9 pollution degree 3 under "Other insulators".

If the creepage distance is ribbed, then the creepage distance of insulating material of group I may be applied using insulating material of group II and the creepage distance of insulating material of group II may be applied using insulating material of group III. The spacing of the ribs shall equal or exceed the dimension X in Table D.1. For pollution degree 2 and 3, the ribs shall be at least 2 mm high.
For  inorganic  insulating  materials,  which  do  not  track,  for  example  glass  or  ceramic,  the

creepage distance may be equal to the associated clearance, as determined in 4.4.7.4. For guidance, see Annex O, especially Figure O.2.

4.4.7.5.2        Determination of creepage distances
Creepage distances for functional insulation, basic insulation and supplementary insulation
shall be dimensioned according to Table 9.

Table 9 – Creepage distances
	Column 1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Working voltage (AC RMS or
DC mean) e
	PWBs a
	Other insulators

	
	Pollution degree
	Pollution degree

	
	1
	2
	1
	2
	3

	
	All material gr oups
	All m aterial gr oups
except IIIb
	All material gr oups
	Insulating material group
	Insulating material group

	
	
	
	
	I
	II
	IIIa
	IIIb
	I
	II
	IIIa
	IIIb

	V
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm
	mm

	≤ 2

5

10
25
32
40
	0,025

0,025

0,025

0,025

0,025

0,025
	0,04
0,04
0,04
0,04
0,04
0,04
	0,056

0,065

0,08
0,125

0,14
0,16
	0,35
0,37
0,40
0,50
0,53
0,56
	0,35
0,37
0,40
0,50
0,53
0,80
	0,35
0,37
0,40
0,50
0,53
1,1
	0,87
0,92
1,0

1,25
1,3

1,4
	0,87
0,92
1,0

1,25
1,3

1,6
	0,87
0,92
1,0

1,25
1,3

1,8

	50
63
80
	0,025

0,04
0,063
	0,04
0,063

0,10
	0,18
0,20
0,22
	0,60
0,63
0,67
	0,85
0,90
0,95
	1,20
1,25
1,3
	1,5

1,6

1,7
	1,7

1,8

1,9
	1,9

2,0

2,1

	100
125
160
	0,10
0,16
0,25
	0,16
0,25
0,40
	0,25
0,28
0,32
	0,71
0,75
0,80
	1,0

1,05
1,1
	1,4

1,5

1,6
	1,8

1,9

2,0
	2,0

2,1

2,2
	2,2

2,4

2,5

	200
250
320
	0,40
0,56
0,75
	0,63
1,0

1,6
	0,42
0,56
0,75
	1,0

1,25
1,6
	1,4

1,8

2,2
	2,0

2,5

3,2
	2,5

3,2

4,0
	2,8

3,6

4,5
	3,2

4,0

5,0

	400
500
630
	1,0

1,3

1,8
	2,0

2,5

3,2
	1,0

1,3

1,8
	2,0

2,5

3,2
	2,8

3,6

4,5
	4,0

5,0

6,3
	5,0

6,3

8,0
	5,6

7,1

9,0
	6,3

8,0

10,0

	800
1 000

1 250
	2,4

3,2

4,2
	4,0

5,0

6,3
	2,4

3,2

4,2
	4,0

5,0

6,3
	5,6

7,1

9
	8,0

10,0

12,5
	10,0

12,5

16
	11
14
18
	12,5

16
20
	b

	1 600

2 000

2 500
	c
	c
	5,6

7,5

10,0
	8,0

10,0

12,5
	11
14
18
	16
20
25
	20
25
32
	22
28
36
	25
32
40
	

	3 200

4 000

5 000
	
	
	12,5

16
20
	16
20
25
	22
28
36
	32
40
50
	40
50
63
	45
56
71
	50
63
80
	

	6 300

8 000

10 000 d
	
	
	25
32
40
	32
40
50
	45
56
71
	63
81
100
	80
100
125
	90
110
140
	100
125
160
	

	Interpolation is permitted.
a
These columns also apply to components and parts on PWBs, and to other creepage distances with a comparable control of tolerances.

b      Insulating materials of group IIIb are not normally recommended for pollution degree 3 above 630 V.
c      Above 1 250 V, use the values from columns 4 to 11, as appropriate.
d      For higher voltages, creepage distances should be dimensioned according to Table F.5 of IEC 60664-1:2020.
e      For more information, see Clause A.5.


Creepage distances for reinforced insulation shall be twice the distances required for basic insulation.

For fundamental frequencies greater than 30 kHz, additional requirements apply in Clause F.3 and Table F.3.

Compliance of creepage distances shall be checked according to 5.2.2.1 and according to

Annex F if applicable.

In all cases, the associated creepage distance is not permitted to be smaller than the required
clearance.

4.4.7.6       Coating or potting
A coating or potting may be used to provide insulation, to protect a surface against pollution, and to allow a reduction in clearance and creepage distances (see 4.4.7.8.4.3 and 4.4.7.8.5).
NOTE 1   Typically, coating or potting is used for components and subassemblies.

NOTE 2   Coating for improvement of the insulation system is well known in industries as conformal coating.
4.4.7.7       Decreased spacings for functional insulation
Spacings are permitted to be smaller than required in 4.4.7.3 a). In this case, an analysis shall be performed according to 4.2.

NOTE   Spacings cover both clearance and creepage distances.

This decreased spacing shall be short-circuited in accordance to 5.2.4.7, when the analysis of

4.2 shows that a short-circuit would cause:
1)  overheating of any material creating a risk of fire,
2)  thermal damage to basic insulation, supplementary insulation or reinforced insulation, thereby creating a risk of electric shock.
For the analysis, considerations shall be given to special material aspects.

Decreased spacings for functional insulation are only permitted:

a)  when all the following are satisfied for materials:

      material has a flammability rating of V-0 or better (see IEC 60695-11-10:2013); and
      material has a minimum CTI of 100.

b)  when all the following are satisfied for components:
      pollution degree 1 or 2 environment; and
      comply with the requirements of 4.6.2.2.

In this case, the component manufacturer’s specification may be used.
4.4.7.8       Solid insulation
4.4.7.8.1        General
Materials selected for solid insulation shall be able to withstand the stresses occurring. These include mechanical, electrical, thermal, climatic and chemical stresses which are to be expected in intended use. Insulation materials shall also be resistant to ageing during the expected life cycle of the PECS.

Tests shall be performed on components and sub-assemblies using solid insulation, in order to ensure that the insulation performance has not been compromised by the design or manufacturing process.

For   fundamental   frequencies   of   the   working   voltage   greater   than   30 kHz,   additional requirements apply in Clause F.4.

4.4.7.8.2        Material requirements
The insulating material shall have a CTI of 100 or greater.

If the manufacturer of the insulating material provides data to demonstrate compliance with the following requirements, no further testing is required.

The insulating material shall be suitable for the maximum temperature it attains as determined by the temperature rise test of 5.2.3.10. Consideration shall be given as to whether or not the insulating material additionally provides mechanical strength and whether or not the part can be subject to impact during use.

The insulating material in contact with hazardous live parts which do not comply with the requirements for limited power sources in 4.6.5 shall comply with:

      the glow-wire test described in 5.2.5.3 at a test temperature of 850 °C;

the glow-wire test described in 5.2.5.3, at a lower test temperature, but not less than 550 °C, depending on the classification of the use of the PECS, according to IEC 60695-2-11:2021, Table 1 or Figure A.1; or
      the alternative hot wire ignition test of 5.2.5.4.
Thermoplastic insulating materials used in contact with hazardous live parts or used as part of the enclosure shall comply with the ball pressure test and abnormal heat test according to IEC 60695-10-2:2014.

Where an insulating material is used in a PECS that incorporates switching contacts, and is within 12,7 mm of the contacts, it shall comply with the high current arcing ignition test of
5.2.5.2.

No further evaluation is required, when generic materials are used according to Table 10. The measured temperature during temperature rise test according to 5.2.3.10 shall not exceed the maximum temperature in Table 10.

Table 10 – Generic materials for the direct support of uninsulated live parts
	Generic material
	Minimum thickness
mm
	Maximum temperature
°C

	Any cold-moulded composition
	No limit
	No limit

	Ceramic, porcelain
	No limit
	No limit

	Diallyl phthalate
	0,7
	105

	Epoxy
	0,7
	105

	Melamine
	0,7
	130

	Melamine-phenolic
	0,7
	130

	Phenolic
	0,7
	150

	Unfilled nylon
	0,7
	105

	Unfilled polycarbonate
	0,7
	105

	Urea formaldehyde
	0,7
	100


Compliance is checked by visual inspection in 5.2.1 and by test of 5.2.3.10 and 5.2.5.3 or
5.2.5.2.

4.4.7.8.3        Thin sheet or tape material
4.4.7.8.3.1        General
These requirements apply to the use of thin sheet or tape materials in assemblies such as wound components and bus-bars.

Subclause 4.4.7.8.3 also applies to components providing insulation. See 4.13.1 for the use of
component standards.

Insulation less than 0,7 mm consisting of thin sheet or tape materials is permitted, provided that it is protected from damage and is not subject to mechanical stress under intended use.

Where more than one layer of insulation is used, there is no requirement for all layers to be of the same material.

One layer of insulation tape wound with more than 50 % overlap shall be considered as two layers.

NOTE   Basic insulation, supplementary insulation and double insulation can be applied as a pre-assembled system
of thin materials.

4.4.7.8.3.2        Thin sheet material thickness and number of layers
Table 11 specifies the required number of layers depending on the thickness of the thin sheet material and the type of insulation.

Table 11 – Thin sheet material thickness through insulation requirements
	Type of insulation
	Thickness of each layer of material
	Requirements

	
	< 0,2 mm
	≥ 0,2 mm
	

	Basic insulation
or
supplementary insulation
	At least 1 layer
	At least 1 layer
	4.4.7.8.1, 4.4.7.10.2

	Double insulation
	--
	At least 2 layers
	Each layer:

4.4.7.8.1, 4.4.7.10.2 and
all layers together 4.4.7.10.3

	
	At least 3 layers
	--
	Each layer:

4.4.7.8.1, 4.4.7.10.2 and
any 2 layers together 4.4.7.10.3

	Reinforced insulation
	At least 3 layers of non- separable material which

cannot be tested separately
	At least 1 layer,

minimum thickness of
0,4 mm
	4.4.7.8.1, 4.4.7.10.3

	NOTE   Each insulation type can be selected from both columns for the thickness of each layer. For example, for
basic insulation, the column < 0,2 mm is used and for reinforced, column ≥ 0,2 mm is used and vice versa.


Compliance shall  be  checked  by  the  tests  described  in  5.2.3.1  to  5.2.3.5  and  5.2.3.13  if applicable.

When a component or sub-assembly makes use of thin sheet insulating materials, it is permitted to perform the tests on the component rather than on the material.

4.4.7.8.4        Printed wiring boards (PWBs)
4.4.7.8.4.1        General
Printed wiring boards material shall have a flammability rating of V-2 or better and shall comply with the insulating material group IIIb or better according to 4.4.7.5.1.

The requirements of 4.4.7.8.4 do not apply to printed wiring boards which contain only limited power sources according to 4.6.5.

PWB shall meet the appropriate requirements of 4.4.7.10.1 and:
      4.4.7.10.2 for basic insulation or supplementary insulation;
      4.4.7.10.3 for double insulation or reinforced insulation; and
      4.4.7.7 for functional insulation.
4.4.7.8.4.2        Inner layers of multi-layer printed wiring boards (see Figure D.14)
Insulation (prepreg) between conductor layers in multi-layer PWBs and metal core PWBs is

solid insulation according to IEC 60664-1:2020 and shall meet the applicable requirements of

4.4.7.8.1 and 4.4.7.8.4.1.

NOTE 1   For more information, see IEC 60664-3:2016, Clause 1.

The requirements in 4.4.7.8.3 for thin sheet or tape material are not applicable; however, a minimum overall material thickness of 0,4 mm for double insulation and reinforced insulation apply to the final PWB.

Insulation between adjacent tracks on the same conductor layer shall be treated as either:

a)  a creepage distance for pollution degree 1 and a clearance as in air according to Table 8 and Table 9 (see Figure D.14); or
b)  solid insulation, in which case

      it shall meet the applicable requirements of 4.4.7.8.4.1,


it shall meet the minimum distance from IEC 60664-3:2016, Table 1, for basic insulation, supplementary insulation and reinforced insulation,


the requirements for clearance and creepage distances according to Table 8 and Table 9 do not apply,

      the PWB sample shall be preconditioned according to 5.2.3.16 followed by a type test
required by 4.4.7.8.4.1, and
      no routine test for the PWB is required.
NOTE 2   For FR4 material, the voltage strength per thickness can be estimated with 30 kV/mm. NOTE 3   IEC 60664-3:2016, Table 1, is reproduced in Table O.1.

4.4.7.8.4.3        Use of coating materials
A  coating  material  used  to  provide  functional  insulation,  basic  insulation,  supplementary insulation and reinforced insulation shall meet the requirement as specified below.

Type 1 protection (as defined in IEC 60664-3:2016) improves the micro-environment of the parts  under  protection.  The  clearance  and  creepage  distance  of  Table 8  and  Table 9  for pollution degree 1  apply  under  the  protection. Between two  conductive parts,  one  or  both conductive parts, together with all the spacing between them, shall be covered by the protection.
Type 2  protection is considered to  be similar to  solid insulation. Under the protection, the requirements for solid insulation specified in 4.4.7.8 are applicable, including the coating material  itself,  and  spacings  shall  not  be  less  than  those  specified  in  IEC 60664-3:2016, Table 1,  which is  reproduced as  Table O.1. The requirements for  clearance and creepage distances in Table 8 and Table 9 do not apply. Between two conductive parts, both conductive parts, together with the spacing between them, shall be covered by the protection so that no air gap exists between the protective material, the conductive parts and the printed boards.

NOTE   Spacings cover both clearance and creepage distances.

The coating material used to provide type 1 and type 2 protection shall be designed to withstand the stresses anticipated to occur during the expected life cycle of the PECS.

A  type  test  for  type 1  and  type 2  protection  on  representative  PWBs  shall  be  conducted according   to   IEC 60664-3:2016,   Clause 5.   The   number   of   samples   is   defined   in IEC 60664-3:2016. Preconditioning shall be performed before type test according to 5.2.3.16.

No routine test is required.

4.4.7.8.5        Potting materials
A potting material may be used to provide solid insulation or to act as a coating to protect against pollution. If used as solid insulation for basic protection, fault protection and enhanced protection, it shall comply with the requirements of 4.4.7.8.1 and 4.4.7.10. If used to protect against pollution, the requirements for type 1 protection in 4.4.7.8.4.3 apply.

4.4.7.9       Connection of parts of solid insulation (cemented joints)
The clearance and creepage distance paths in the presence of a cemented joint between two insulating parts are determined as follows.

      Type 1 or type 2 protection as described in 4.4.7.8.4.3 apply.

A cemented joint that is not evaluated as providing protection of type 1 or type 2 is neither considered solid insulation nor to reduce pollution degree. The clearance and creepage distances of 4.4.7.4 and 4.4.7.5 apply for the pollution degree of the environment around the joint.

For preconditioning and compliance, see 5.2.5.7. As an example, see Figure D.9.

4.4.7.10     Requirements for electrical withstand capability
4.4.7.10.1      General
Where verification of insulation is impossible by visual inspection according to 5.2.2.1, test according to 4.4.7.10.2 or 4.4.7.10.3 applies between the considered circuits and for solid insulation on components and sub-assemblies.

4.4.7.10.2      Basic insulation or supplementary insulation
Basic insulation or supplementary insulation shall be tested as follows:

      test with impulse withstand voltage according to 5.2.3.2; and
      test with AC or DC voltage according to 5.2.3.4.
4.4.7.10.3      Double insulation or reinforced insulation
Double insulation or reinforced insulation shall be tested as follows:

      test with impulse withstand voltage according to 5.2.3.2; and
      test with AC or DC voltage according to 5.2.3.4.
For solid insulation, the partial discharge test according to 5.2.3.5 shall be performed in addition to the above tests, if the working voltage (recurring peak) across the insulation is greater than

750 V and the voltage stress on the insulation is greater than 1 kV/mm.

The voltage stress is the working voltage (recurring peak) divided by the distance between two parts of different potential. See Figure D.14.

The partial discharge test shall be performed as a type test on all components, sub-assemblies and PWB. In addition, a sample test shall be performed if the insulation consists of a single layer of material.

Double  insulation  shall  be  designed  so  that  failure  of  the  basic  insulation  or  of  the supplementary insulation will not result in reduction of the insulation capability of the remaining part of the insulation.

4.4.8      Compatibility with residual current-operated protective devices (RCD)
Some domestic and industrial installations provides RCD as additional protection against faults, in addition to basic protection and fault protection provided by PECS.

NOTE 1   Circuit  breaker  incorporating  residual  current  function  (CBRs)  according  to  IEC 60947-2:2016  and IEC 60947-2:2016/AMD1:2019,    Annex B,    and    modular    residual    current    device    (MRCD),    according    to IEC 60947-2:2016 and IEC 60947-2:2016/AMD1:2019, Annex M, are equivalent to RCD.

NOTE 2   IEC 62955:2018 also describes devices which are intended to ensure that the proper functionality of RCDs type A or type F is not impaired by DC residual currents above 6 mA.

An insulation fault or direct contact with certain types of PECS circuits can cause fault current with a DC portion to flow in the PE conductor and thus reduce the ability of an RCD of type A, AC or F (see IEC 60755:2017) to provide this protection for other equipment in the installation.

To ensure the intended operation of an RCD provided by the installation, the PECS shall satisfy one of the following conditions a) or b).

a)  A PECS designed as pluggable equipment type A single-phase PECS shall be designed so that, under normal operating conditions and single fault conditions, any resulting current with a smooth superimposed DC portion of the current in the PE conductor does not exceed the DC current withstand requirements of 6 mA in IEC 60755:2017 for RCD of type A or
10 mA for type F; or
b)  For  PECS  designed  as  pluggable  equipment  type B  or  intended  to  be  permanently connected, DC current in the PE conductor is not limited if the information and marking requirements of 6.3.9.5 are complied with.
In case of PE conductor currents with a smooth superimposed DC portion exceeding the above values, suitable protective devices shall  be selected and  stated  in  the  documentation, for example RCD type B or type F.
For the design and construction of electrical installations, care should be taken with RCD of type B. All the RCD upstream from an RCD of type B up to the supply transformer shall be of type B.
Compatibility with RCD provided by the installation shall be checked by simulation or calculation of  current  in  the  PE  conductor  under  normal  and  single  fault  conditions according  to  the guideline provided in Annex H.

See 6.3.9.5 for information and marking requirements.

4.4.9      Capacitor discharge
For protection against electric shock (see IEC 61140:2016, 8.3), all capacitors within a PECS shall be discharged to a voltage less than DVC As, or to a residual charge less than 0,5 mJ after the removal of power from the PECS and shall satisfy a) or b) as applicable, and c):

a)  For pluggable equipment type A and pluggable equipment type B, the discharge time shall not exceed 1 s when unplugged, measured on the accessible plug pins (see Figure 12, key 7).

b)  For permanently connected equipment, the discharge time shall not exceed 5 s, measured on input ports and output ports.

c)  For all PECS, when the discharge time exceeds 5 s due to functional or other reasons, hazardous live parts shall be protected as described in 4.4.3.3, and the information and marking requirements of 6.5.2 apply.

Compliance is checked by test of 5.2.3.8.

NOTE   The level of 0,5 mJ corresponds to the threshold of pain according to IEC 61140:2016.

4.5     Protection against electrical energy hazards
4.5.1      General access areas
4.5.1.1       General
PECS shall be so designed that there is no risk of electrical energy hazard to ordinary persons in general access areas and skilled persons in service access areas from electrical accessible parts by fulfilling requirement of 4.2.

A risk of injury due to an electrical energy hazard exists if it is likely that two or more bare parts (one of which may be earthed), between which a hazardous energy level exists, will be bridged by a metallic object.

The likelihood of bridging the parts under consideration is determined by means of the test finger of Figure M.2 in any position. If it is possible to bridge the parts with this test finger, a hazardous energy level shall not exist.

Barriers, guards, and similar means preventing unintentional contact may be provided as an alternative to limiting the energy.

Compliance against unintentional contact is checked by visual inspection in 5.2.1 or test of

5.2.2.2.

4.5.1.2       Determination of hazardous electrical energy level
A hazardous electrical energy level is considered to exist if the voltage is 2 V or more and
      power available exceeds the limits of 4.6.5; or
      the energy exceeds 20 J.
Compliance shall be checked with the test in 5.2.3.8 or by calculation as follows.

In case of a capacitor, the stored energy is calculated from the following formula:

E = 0,5 C × U2
where

E      is the energy, in joules (J);

C     is the capacitance, in farads (F);

U     is the measured voltage on the capacitor, in volts (V).

4.5.2      Service access areas
Capacitors located behind panels that are removable for servicing, installation, or disconnection shall present no risk of electric energy hazard from charge stored on capacitors after disconnection of the PECS.

Capacitors within a PECS shall be discharged to an energy level less than 20 J, as in 4.5.1.2, within 5 s after the removal of power from the PECS. If this requirement is not achievable for functional or other reasons, the information and marking requirements of 6.5.2 apply.

Compliance is checked by visual inspection in 5.2.1 of the PECS and relevant circuit diagrams, taking into account the possibility of disconnection with any "ON/OFF" switch in either position and non-operation of periodic power consuming devices or components within the PECS. If the capacitor  discharge  time  cannot  be  accurately  calculated,  the  discharge  time  shall  be measured.

4.6     Protection against fire and thermal hazards
4.6.1      Circuits representing a fire hazard
The following types of circuits are considered a fire hazard:
      circuits directly connected to the mains supply;

circuits that are not directly connected to the mains supply but exceed the limits for limited power sources in 4.6.5; and
      components having unenclosed arcing parts.
4.6.2      Components representing a fire hazard
4.6.2.1       General
The risk of ignition due to high temperature shall be minimized by the appropriate selection and use of components and by suitable construction.
An overview of the flammability classes used throughout this document and their classification standards is given in Table 12.

Table 12 – Flammability classes and classification standards
	Flammability class/flame spread index
	Classified in

	5VA
	IEC 60695-11-20:2015

	5VB
	IEC 60695-11-20:2015

	V-0
	IEC 60695-11-10:2013

	V-1
	IEC 60695-11-10:2013

	V-2
	IEC 60695-11-10:2013

	HB
	IEC 60695-11-10:2013

	HF-1
	ISO 9772:2020

	HF-2
	ISO 9772:2020

	VTM-0
	ISO 9773:1998/AMD1:2003

	VTM-1
	ISO 9773:1998/AMD1:2003

	VTM-2
	ISO 9773:1998/AMD1:2003

	Flame spread index
	ASTM E162-16

	Flame spread index
	ANSI/ASTM E84-19b

	VW-1
	UL/CSA C22.2 no. 2556

	FT-1
	CSA C22.2 no. 0.3

	NOTE 1   When applying the requirements in this document, flammability class of

5VA is regarded as better than 5VB, 5VB better than V-0, V-0 better than V-1, V-1 better than V-2, V-2 better than HB.

NOTE 2   Similarly,  flammability  of  VTM-0  is  regarded  as  better  than  VTM-1  and

VTM-1 better than VTM-2.
NOTE 3   Similarly, flammability of HF-1 is regarded as better than HF-2.


Electrical components shall be used in such a way that their maximum working temperature under normal operating conditions or single fault conditions is less than that necessary to cause ignition of the surrounding materials with which they are likely to come into contact. Under normal operating conditions, the limits in Table 14 shall not be exceeded for components or their surrounding material.

Where  it  is  not  practical  to  protect  components  against  overheating  under  single  fault conditions, all materials in contact with such components shall be of flammability class V-1 or better.

Compliance with  4.6.2 shall  be  confirmed by  visual  inspection in  5.2.1  of  component and material data sheets and, where necessary, by test.

4.6.2.2       Components within a circuit representing a fire hazard
Inside fire enclosures, materials for components and other parts and all materials in contact with such parts shall comply with flammability class V-2, HF-2 or VTM-2 or better.

When the manufacturer of components provides data to demonstrate compliance with the above requirements, no further testing is required.
The above requirement does not apply to any of the following:

electrical  components  which  do  not  present  a  fire  hazard  under  abnormal  operating conditions when tested according to 5.2.4.6;


materials and components within an enclosure of 0,06 m3 or less, consisting totally of metal and having no ventilation openings, or within a sealed unit containing an inert gas;


electronic  components,  such  as  integrated  circuit  packages,  opto-coupler  packages, capacitors and other small parts that are mounted on material of flammability class V-1 or VTM-1 or better;

      wiring, cables and connectors

–    insulated with PVC, TFE, PTFE, FEP, neoprene or polyimide;
–    rated VW-1 (UL/CSA C22.2 no. 2556) or FT-1 (CSA C22.2 no. 0.3), or
–
fulfilling  the  requirements  of  the  test  methods  in  IEC 60332-1-2,  IEC 60332-1-3, IEC 60332-2-2;


the  following  parts,  provided  that  they  are  separated  from  electrical  parts  (other  than insulated wires and cables) which under single fault conditions are likely to  produce a temperature that could cause ignition, by at least 13 mm of air or by a solid barrier of material of flammability class V-1 or better:

–
other  small  parts  which  would  contribute negligible fuel  to  a  fire,  including,  labels, mounting feet, key caps, knobs and the like; or
–
tubing for air or any fluid systems, containers for powders or liquids and foamed plastic parts, provided that they are of flammability class HB or better.

4.6.2.3       Components within a circuit not representing a fire hazard
For components within a circuit not representing a fire hazard, 4.6.2 does not apply.

4.6.3      Fire enclosures
4.6.3.1       General
Fire enclosures are used to reduce the spread of fire to the environment, independent of the location where they are installed.
A fire enclosure shall be provided for all PECS, unless:

it is an open type PECS and the documentation requires means against spread of fire according to 6.3.6.1, or

the PECS is intended to be used only in areas without combustible materials and is marked according to 6.3.9.7.

4.6.3.2       Flammability of enclosure materials
Materials used for fire enclosures of PECS shall meet the flammability test requirements of
5.2.5.5,  except  for  those  portions  of  the  enclosure  that  enclose  only  components  not representing a fire hazard.
Materials are considered to comply without test according to 5.2.5.5 if, in the minimum thickness used, the material is of flammability class 5VB or better.

Materials for PECS designed as movable equipment comply without test if the material is of flammability class of V-1 or better for the minimum thickness which is used.
Metals, ceramic materials, and glass which is heat-resistant tempered, wired or laminated, are considered to comply without test according to 5.2.5.5.

Materials for components that fill an opening in a fire enclosure do not require to be tested according 5.2.5.5 provided that these materials comply with at least one of the following:
      V-1 class material and no larger than 100 mm in any dimension; or
      V-2 class material and either
–    not larger than 25 mm in any dimension;
–
not larger than 100 mm in any dimension and located at least 100 mm from any part that is a source of fire hazard;


V-2 class material and there is a barrier or device(s) that forms a barrier made of a V-0 class material between the part and a source of fire hazard; or
      comply with a relevant IEC component standard that includes flammability requirements for
components that are intended to form part of, or fill openings in, a fire enclosure.

NOTE   Examples of these components are fuse-holders, switches, pilot lights, connectors and appliance inlets.

Polymeric materials that serve as fire enclosure and have surface area greater than 1 m2 or a single dimension larger than 2 m shall have a maximum flame spread index of 100 or better.

The manufacturer may provide data from the fire enclosure material manufacturer to demonstrate  compliance  with  the  above  requirements.  In  this  case,  no  further  testing  is required.
Compliance shall be checked by visual inspection in 5.2.1 and, where necessary, by test.

4.6.3.3       Openings in fire enclosures
4.6.3.3.1        General
For PECS that is intended to be used or installed in more than one orientation as specified in the documentation, the requirements in 4.6.3.3.2 to 4.6.3.3.4 apply in each orientation.

These requirements are in addition to requirements regarding openings, in this document.

NOTE   For example the sections regarding basic protection with live parts in 4.4.3.2 or hazardous moving parts in

4.7.3 are additional to the requirements in 4.6.3.3.

4.6.3.3.2        Openings in the top and side of fire enclosures
Openings in the top surfaces of fire enclosures shall be designed to prevent an external object falling vertically or at up to 5° from vertical from entering the enclosure in an area that could lead to a fire hazard.
This requirement applies to all sides of PECS designed as movable equipment with no defined top and bottom, unless top and bottom surfaces can be suitably demonstrated in the documentation.

Compliance shall be checked by 5.2.2.2, Test 4. For marking, see 6.3.9.7.

Openings in the top surfaces of fire enclosures not located vertically above or within 5° from vertical of a component representing a fire hazard as defined in 4.6.2 are not subject to the test of 5.2.2.2 and can be of any construction as detailed in 4.4.3.3.

Where a portion of the side of a fire enclosure falls within the area traced out by the 5° angle in Figure 8, the limitations in 4.6.3.3.3 regarding openings in bottoms of fire enclosures also apply to this portion of the side.
Compliance shall be checked by visual inspection in 5.2.1.

4.6.3.3.3        Openings in the bottom of a fire enclosure
The bottom of a fire enclosure or individual barriers shall provide protection against emission of flaming or molten material under all internal components, including partially enclosed components or assemblies, representing a fire hazard, as defined in 4.6.2.

The location and size of the bottom or barrier shall cover area D  in Figure 8 and shall be horizontal, lipped or otherwise shaped to provide equivalent protection. The area shall be free of openings, except for those protected by a baffle, screen or other means, so that molten metal and burning material are unlikely to fall outside the fire enclosure.
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Figure 8 shows an example of a cutaway side view of a product containing a PWB with its components facing the bottom of the enclosure. If the PWB contains components in primary circuitry (e.g. field effect transistors), it is considered a source of ignition.

The bottom enclosure is considered a fire enclosure so openings in it shall be restrictive, for example see Table 13. Besides providing protection against electric shocks, the side openings (electrical enclosure) located below the 5°
projection from the source of ignition provides protection against spread of fire.
Figure 8 – Fire enclosure bottom openings below an
unenclosed or partially enclosed fire-hazardous component
The following constructions are considered to satisfy the requirement without test:


products intended to  be mounted on a  non-combustible surface such as concrete. For marking, see 6.3.5;

      no opening in the bottom of a fire enclosure;


openings in the bottom of any size under an internal barrier, screen or the like, which itself complies with the requirements for a fire enclosure;


openings in the bottom, each not larger than 40 mm2, under components and parts meeting the flammability requirements of V-1 or HF-1 or better or under small components that pass the needle-flame test of IEC 60695-11-5:2016 with the flame applied for a duration of 30 s;
      baffle plate construction as illustrated in Figure 9;

      metal bottoms of fire enclosures conforming to the dimensional limits of any line in Table 13;

or

metal bottom screens having a mesh with nominal openings not greater than 2 mm between centre lines and with wire diameters of not less than 0,45 mm.

Compliance is checked by visual inspection in 5.2.1 or with the hot flaming oil test in 5.2.5.6, in case the fire enclosure is designed differently than as described above.
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Figure 9 – Fire enclosure baffle construction
Table 13 – Permitted openings in fire enclosure bottoms
	Applicable to circular holes
	Applicable to other shaped openings

	Metal bottoms minimum thickness
mm
	Maximum diameter of holes
mm
	Minimum distance of holes centre to centre
mm
	Maximum area
mm2
	Minimum distance of openings
border to border
mm

	0,66
	1,1
	1,7
	1,1
	0,56

	0,66
	1,2
	2,3
	1,2
	1,10

	0,76
	1,1
	1,7
	1,1
	0,55

	0,76
	1,2
	2,3
	1,2
	1,10

	0,81
	1,9
	3,1
	2,9
	1,10

	0,89
	1,9
	3,1
	2,9
	1,20

	0,91
	1,6
	2,7
	2,1
	1,10

	0,91
	2,0
	3,1
	3,1
	1,20

	1,00
	1,6
	2,7
	2,1
	1,10

	1,00
	2,0
	3,0
	3,2
	1,00


4.6.3.3.4        Doors or covers in fire enclosures
If part of a fire enclosure consists of a door or a cover leading to an general access area, it shall comply with one of the following requirements:

      the door or cover shall be provided with a safety interlock; or

a door or cover, intended to be routinely opened by the user, shall comply with both of the following conditions:

–    it shall not be removable from other parts of the fire enclosure by the user; and

–    it shall be provided with a means to keep it closed during normal operation.
A door or cover intended only for occasional use by an installer, such as for the installation of specified accessories, is permitted to be removable provided that the documentation include directions for correct removal and reinstallation of the door or cover.

Compliance is checked by visual inspection in 5.2.1. For marking, see 6.3.9.7.

4.6.4      Temperature limits
4.6.4.1       General
Internal parts and external enclosure parts of the PECS shall not attain temperatures which can lead to a risk of fire, burn or electric shock due to high temperatures when the PECS is operated under normal operating condition and maximum ratings as determined by 5.2.3.12.

Other rated operating conditions, such as duty cycle operation, thermal derating, operation in altitude above 1 000 m and cooling control characteristic, shall be tested or calculated.

Compliance is checked by test of 5.2.3.10. For marking, see 6.2.1 and 6.3.3.

4.6.4.2       Internal parts
PECS and its component parts shall not attain temperatures in excess of those in Table 14 when tested in accordance with the ratings of the PECS.

Table 14 – Maximum measured temperatures for internal materials and components
	Materials and components
	Thermocouple method
°C
	Rise of
resistance method
°C

	1       Rubber- or thermoplastic-insulated conductors a
	75
	--

	2       Field wiring terminals and other parts that may contact the insulation
of field wiring b
	b
	--

	3       Copper bus-bars and connecting straps
	c
	--

	4       Insulation systems on magnetic components d
Class A (105) Class E (120) Class B (130) Class F (155) Class H (180) Class N (200) Class R (220)

Class S (250)
	e

90
105
110
130
155
165
180
195
	e

100
115
120
140
165
175
190
205

	5       Phenolic composition a
	165
	--

	6       On bare resistor material
	415
	--

	7       Capacitor
	f
	--

	8       Power electronic devices
	g
	--

	9       PWBs
	h
	--

	10      Components bridging at least basic protection
	f
	--

	11      Liquid cooling medium
	i
	--

	a
The limitation on phenolic composition and on rubber and thermoplastic insulation does not apply to compounds which have been investigated and found to meet the requirements for a higher temperature.

b
The maximum field wiring terminal temperature shall not exceed the temperature rating  of the field wiring terminal and the insulation temperature rating of the conductor or cable specified by the manufacturer (see

6.3.7.4).
c      The maximum permitted temperature is determined by the temperature limit of support materials or insulation
of connecting wires or other components. A maximum temperature of 140 °C is recommended.
d
The maximum temperatures on insulation of magnetic components assume thermocouples are applied on the surface of coils, and are therefore not located on hot-spots. Rise of resistance method results in a measurement of the average temperature of the winding.
e
These limits are extracted from the group safety standards IEC 61558-1:2017, IEC 61558-2-16:2021 (safety of power transformers, power supplies, reactors and similar products).

f       For a component, the maximum temperature specified by the manufacturer shall not be exceeded.
g
The  maximum  temperature  on  the  case  shall  be  the  maximum  case  temperature  for  the  applied  power dissipation specified by the manufacturer of power electronic devices.

h      The maximum operating temperature of the PWB shall not be exceeded.
i
The maximum temperature of the cooling medium, specified by the manufacturer of the medium or determine d from the known characteristics of the medium, shall not be exceeded.


The resistance method for temperature measurement as specified in Table 14 consists of the calculation of the temperature rise of a winding using the following formula:

∆t  

r 2 (k  t1) − (k  t 2)
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r1
where

Δt  is the temperature rise;
r2   is the resistance at the end of the test in ohms;

r1   is the resistance at the beginning of the test in ohms;.

t1    is the ambient temperature at the beginning of the test (°C);

t2    is the ambient temperature at the end of the test (°C);

k
is 234,5 for copper, 225,0 for electrical conductor grade (EC) aluminium; values of the constant for other conductors materials shall be determined.
4.6.4.3       Accessible parts
In order to limit the touch temperatures of accessible parts of PECS, and to protect against long-term degradation of building materials, the maximum temperature for accessible parts of the PECS shall be in compliance with Table 15.

When surface temperatures of  the  PECS, close to  mounting surfaces, exceed the  limit of

Table 15, a warning according to 6.3.5 shall be provided.

It is permitted that accessible parts that are required to get hot as part of their intended function (for example heatsinks including their cover) may have temperatures up to 100 °C, if the parts are not in contact with building materials upon installation, and are marked with the warning given in 6.4.4. For products only for use in a restricted access area, the temperature may exceed 100 °C.
These limits are in addition to applicable limits in 4.6.4.1.

Table 15 – Maximum measured temperatures for accessible parts of the PECS
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porcelain
4.6.5      Limited power sources
Where a limited power source is required, the source shall comply with Table 16 or Table 17 as applicable.

A limited power source shall comply with one of the following requirements:

a)  the output is inherently limited in compliance with Table 16; or
b)  a linear or non-linear impedance limits the output in compliance with Table 16. If a positive temperature coefficient device (e.g. PTC) is used, it shall pass the applicable tests specified in IEC 60730-1:2013, IEC 60730-1:2013/AMD1:2015 and IEC 60730-1:2013/AMD2:2020; or
c)  a regulating network limits the output in compliance with Table 16, both with and without a

single fault condition in the regulating network; or
d)  an  overcurrent  protective  device  is  used  and  the  output  is  limited  in  compliance  with

Table 17.

Where an overcurrent protective device is used, it shall be a fuse or a non-adjustable, non- autoreset, electromechanical device.
A limited power source operated from an AC mains supply, or a battery-operated limited power source that is recharged from an AC mains supply while supplying the load, shall incorporate an isolating transformer.

Compliance to determine the maximum available power is checked by test of 5.2.3.9.

Table 16 – Limits for sources without an overcurrent protective device
	Output voltage a
Uoc
	Output current b, d
Isc
A
	Apparent power c, d
S
VA

	V AC RMS
	V DC
	
	

	≤ 30
	≤ 30
	≤ 8
	≤ 100

	-
	30 < Uoc ≤ 60
	≤ 150 / Uoc 
	≤ 100

	a
Output  voltage measured in accordance  with  5.1.5.3  with  all  load circuits  disconnected.  Voltages  are  for substantially sinusoidal AC and ripple-free DC. For non-sinusoidal AC and DC with ripple greater than 10 % of the peak, the peak voltage shall not exceed 42,4 V.
b      Maximum output current with any non-capacitive load, including a short-circuit.

c      Maximum output apparent power in VA with any non-capacitive load.
d
Measurement of Isc and S are made 5 s after application of the load if protection is by an electronic circuit or a positive temperature coefficient device (e.g. PTC), and 60 s in other cases.


Table 17 – Limits for power sources with an overcurrent protective device
	Output voltage a
Uoc
	Output current b, d
Isc
A
	Apparent power c, d
S
VA
	Current rating of
overcurrent protective device e
A

	V AC RMS
	V DC
	
	
	

	≤ 20
	≤ 20
	≤ 1 000 / Uoc 
	≤ 250
	≤ 5,0

	20 < Uoc ≤ 30
	20 < Uoc ≤ 30
	
	
	≤ 100 / Uoc 

	–
	30 < Uoc ≤ 60
	
	
	≤ 100 / Uoc 

	a
Output  voltage measured in accordance  with  5.1.5.3  with  all  load circuits  disconnected.  Voltages  are  for substantially sinusoidal AC and ripple free DC. For non-sinusoidal AC and for DC with ripple greater than 10 % of the peak, the peak voltage shall not exceed 42,4 V.
b
Maximum output current with any non-capacitive load, including a short-circuit, measured 60 s after application of the load.
c      Maximum output VA with any non-capacitive load measured 60 s after application of the load.

d
Current limiting impedances remain in the circuit during measurement, but overcurrent protective devices are bypassed. The reason for making measurements with overcurrent protective devices bypassed is to determine the  amount  of  energy  that  is  available  to  cause  possible  overheating  during  the  operating  time  of  the overcurrent protective devices.
e      Current ratings of overcurrent protective devices that break the circuit within 120 s with a current equal to

210 % of the current rating specified in the table.


4.7     Protection against mechanical hazards
4.7.1      General
Failure of any component within the PECS shall not release sufficient energy to lead to a hazard, for  example,  expulsion  of  material  into  an  area  accessible  to  ordinary  persons  or  skilled persons.

4.7.2      Specific requirements for liquid cooled PECS
4.7.2.1       Coolant
The specified coolant (see 6.2) shall be suitable for the anticipated ambient temperatures during storage and operation. Coolant temperature in operation shall not exceed the limit specified in Table 14.

The coolant used in a cooling system shall be a medium investigated for the purpose, water, glycol, a mixture of water and glycol or non flammable synthetic oils.

Sealed heat-pipe cooling systems, used to transfer heat from a hot component to a heat sink, are not considered to be liquid cooling systems in this document. However, the possible failure of such components should be considered during the analysis of 4.2.

Compliance is checked by visual inspection in 5.2.1 and test of 5.2.3.10. For marking, see 6.2.1.5.

NOTE   Flammable coolants used in cooling systems are not covered by this document.

4.7.2.2       Design requirements
4.7.2.2.1        General
The liquid containment system components shall be compatible with the coolant medium to be used.
PECS using liquids shall be so constructed that it is unlikely that either a hazardous concentration of these materials or a hazard in the meaning of this document will be created by condensation, vaporization, leakage, spillage or corrosion during normal operation, storage, filling or emptying.

Compliance is checked by visual inspection in 5.2.1.

4.7.2.2.2        Corrosion resistance
All cooling system components shall be suitable for use with the specified coolant. They shall be corrosion resistant and shall not corrode as a result of prolonged exposure to the coolant and/or air.

Compliance is checked by visual inspection in 5.2.1.

4.7.2.2.3        Tubing, joints and seals
Cooling system tubing, joints and seals shall be designed to prevent leakage during excursions of pressure over the life cycle of the PECS. The entire cooling system including tubing shall satisfy the requirements of the hydrostatic pressure test of 5.2.7.

4.7.2.2.4        Leakage of coolant
Means shall be  taken to  prevent  leakage of  coolant onto  live  parts  as  a  result of  normal operation, servicing or loosening or detachment of hoses or other cooling system parts during the expected life cycle. If a pressure relief mechanism is provided, this shall be located so that there shall be no leakage of coolant onto live parts when it is activated.
During a leakage, means shall ensure that coolant will not result in wetting of live parts or
electrical insulation.

Compliance is checked by visual inspection in 5.2.1.

4.7.2.2.5        Loss of coolant
Loss of coolant from the cooling system shall not result in thermal hazards, mechanical hazard or electric shock hazard.

The requirements of the loss of coolant test of 5.2.4.9.4 shall be satisfied.

4.7.2.2.6        Insulation requirements for coolant and coolant system
When the coolant is intentionally in contact with live parts (for example non-earthed heatsinks), hazards shall not be present under normal operating conditions or single fault conditions.

Also, the coolant system (e.g. hoses) form a part of the insulation system. The requirements of
4.4.7 for functional protection, basic protection or enhanced protection and 4.4.5.5 shall be applied where relevant.

Compliance is checked by the evaluation of 4.2 and the measurement of 5.2.3.7.

4.7.3      Mechanical hazards from rotating parts
4.7.3.1       General
Rotating parts shall not cause hazards.

4.7.3.2       Mechanical hazards caused by fan
Fans and their blades shall not cause injury under normal operating conditions, and during service and maintenance in service access areas.
NOTE 1   For more information, see IEC 62368-1:2018, 8.2.
NOTE 2   For protection against pain, see IEC 62368-1:2018.

NOTE 3   The phrase "injury" means that a doctor or hospital emergency attention can be needed.

Hazardous fan blades shall be protected by an enclosure or barriers fulfilling IP2X. For compliance, see test in 5.2.2.2.

No protection is required for fan blades when it can be verified that they will not cause injury when touched. Compliance is verified by the following formulae:

      plastic fan blades complying with

      other fan blades complying with


     N               K 

              ≤ 1 ;
44 000     7 200
     N               K 

              ≤ 1 .
22 000     3 600
The K factor is determind from the formula:
K = 6 × 10−7 (m r2 N2)
where

m   is the mass (kg) of the moving part of the fan assembly (blade, shaft and rotor);

r
is the radius (mm) of the fan blade from the centre line of the motor (shaft) to the tip of the outer area likely to be touched;

N    is the rotational speed (rpm) of the fan blade.

The fan maximum speed in the application shall be taken into account. Compliance is checked by calculation.

4.7.3.3       Expelled parts
Risk of injury due to loosening of moving parts shall be mitigated as required by 4.2.

Possible mitigations include:

      protection by enclosure, barrier or guarding; or

usage of common mechanical practices such as  lock washers, self-retaining hardware, proper torqueing of hardware, rivets, welding.

No test is required.

4.7.4      Sharp edges
Edges, projections, corners, openings, guards, handles and the like that are accessible to the user shall be smooth and rounded so as not to cause injury during installation, normal operating conditions and maintenance of the PECS.

Conformity is checked by visual inspection type test in 5.2.1 and, if necessary, by application of an object that represents a finger in size, shape and hardness, to check for abrasions or cuts.

NOTE   An acceptable procedure is described in IEC TR 62854:2014 or UL 1439.
4.8     PECS with multiple sources of supply
PECS intended to be provided with more than one supply connection (for example, with different voltages or frequencies or as backup power), shall be designed such that all of the following conditions are met:

      separate means of connection are provided for different circuits;


supply plug connections, if any, are not interchangeable if a hazard could be created by incorrect plugging; and

hazards, within the meaning of this document, shall not be present under normal operating conditions or single fault conditions due to the presence of multiple sources of supply. Actions such as disconnection or de-energizing of a supply are considered a normal operating condition.

Compliance is checked by the evaluation of 4.2.

Information shall be provided with the PECS indicating the presence of multiple sources of supply and disconnection procedures (see 6.5.5).

Examples of the types of hazards that should be considered are:
a)  backfeed prevention – preventing voltage or energy available within the PECS or one of its sources from being fed back to any of the disconnected input terminals for another source, either directly or by a leakage path;

b)  protection against unintentional islanding;

c)  touch current levels, which may be higher with multiple sources connected simultaneously

(if that is a normal operating condition for the PECS);

d)  hazard resulting from damage to one or more connected sources (for example, a generator)

due to energy from another source, for example the mains supply; and
e)  damage to wiring due to currents higher than the wiring is designed for flowing from another source.

4.9     Protection against environmental stresses
The  manufacturer shall  specify the  following service conditions for  operation, storage and transportation:

      coolant temperature (min./max.);
      ambient temperature (min./max.);
      humidity (min./max.);
      pollution degree;
     vibration;
      UV resistance;
      OVC (overvoltage category);
      altitude for thermal consideration, if rated for operation above 1 000 m; and
      altitude for insulation coordination considerations, if rated for operation above 2 000 m.

NOTE   Environmental categories as specified in IEC 60721 (all parts) can be used where appropriate.
The manufacturer shall state the environmental service condition for the PECS according to

Table 18.

Where the PECS complies with the requirements of this document only at conditions higher than the minimum values or lower than the maximum values given in Table 18, then this shall be by agreement between the manufacturer and the user. The specific conditions shall be identified in the documentation and on the product as specified in 6.3.3.

Table 18 – Environmental service conditions
	Condition
	Indoor conditioned
	Indoor unconditioned
	Outdoor unconditioned

	Standard
	IEC 60721-3-3:1994, IEC 60721-3-

3:1994/AMD1:1995 and IEC 60721-3-

3:1994/AMD2:1996
	IEC 60721-3-4:1995 and

IEC 60721-3-4:1995/AMD1:1996

	Climatic
	Class 3K2
	Class 3K3
	Class 4K6

	Low temperature
	+15 °C
	+5 °C
	–20 °C

	High temperature
	30 °C
	40 °C
	55 °C

	Low humidity
	10 % R.H.
	5 % R.H.
	4 % R.H.

	High humidity
	75 % R.H.
	85 % R.H.
	100 % R.H.

	Condensing
	Not permitted
	Not permitted
	Permitted

	Pollution degree
	2
	3 b
	4 c

	Humidity skin condition d
	Dry
	Water wet a
	Salt water wet a

	Chemically active substances
	Class 3C1

(no salt mist)
	Class 3C1

(no salt mist)
	Class 4C2 (salt mist) a

	Mechanically active substances
	Class 3S1

(no requirement)
	Class 3S1

(no requirement)
	Class 4S2

(dust and sand)

	Mechanical
	Class 3M1

(vibration: 1 m/s2)
	Class 3M1

(vibration: 1 m/s2)
	Class 4M1

(vibration: 1 m/s2)

	Biological
	Class 3B1

(no requirement)
	Class 3B1

(no requirement)
	Class 4B2

(mould/ fungus/rodents/ termites)

	UV resistance
	No requirement
	No requirement
	4.12.8

	a
Where it is ensured that the PECS will not be used in water-wet or salt water-wet condition, the manufacture r may choose to rate the PECS for a less severe condition. In this case, the rating shall be indicated in the documentation, according to 6.3.3.

b      Pollution degree 2 may be provided if the conditions in 4.4.7.1.3 are satisfied.

c
Pollution degree 2 or 3 may be provided if the enclosure provides sufficient protection against conductive pollution and the conditions in 4.4.7.1.3 are satisfied.

d      This requirement is added to this table due to interacting of users and PECS, when selecting the applicable

DVC As. For example, the dry skin of the hand becomes wet when touching a wet PECS.


Compliance is checked by test of 5.2.6.

4.10   Protection against excessive acoustic noise hazards
The PECS shall provide protection against excessive acoustic noise. Compliance tests are carried out if the PECS is likely to cause such hazards.

If the sound pressure – except alarms – exceeds 70 dBA, the documentation shall provide information regarding the sound pressure of the PECS.

Compliance  is  checked  by  visual  inspection  in  5.2.1,  measurement  or  calculation  of  the maximum sound pressure level in accordance with ISO 3746:2010 or ISO 9614-1:1993.

For marking, see 6.4.1.

4.11   Wiring and connections
4.11.1    General
The  wiring  and  interconnections of  the  PECS  and  parts  of  them  shall  be  protected  from mechanical damage during installation and use. The insulation, sheath protection, conductors and routing of all wires of the PECS shall be suitable for the electrical, mechanical, thermal and environmental conditions of use.
Conductors which are able to contact each other shall be provided with insulation rated for the
DVC requirements of the relevant circuits according to Table 3.

The compliance with 4.11.2 to 4.11.11 shall be checked by visual inspection in 5.2.1 of the overall construction and datasheets if applicable.
An example for interconnections within PECS and between parts of them is shown in Figure 10.
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	1
	part 1 to n of the PECS
	5
	load

	2
	power conversion of the PECS
	6
	installation

	3
	interconnection internal of the PECS
	7
	PECS

	4
	interconnection between parts of the PECS
	8
	Field wiring terminals


Figure 10 – Example for interconnections within permanently connected PECS and between parts of them
4.11.2    Insulation of conductors
4.11.2.1     General
Conductors shall provide insulation according to the requirements of this document. This may be achieved either by clearance and creepage distance or by solid insulation.

Uninsulated conductors, for example bus-bars, shall meet the appropriate requirements for clearance and creepage distances within the circuit and against other circuits for the DVC of the voltage involved according to Table 8 and Table 9.

An example of a cable as an arrangement of insulated conductors is shown in Figure 11.
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Key
1    conductor

2    insulation of the conductor (basic protection)

3    shield (optional)

4    non-metallic sheath of the cable (fault protection)

Figure 11 – Example of cable as an arrangement of insulated conductors
Cable product standards do not specify impulse withstand voltage capability and ability against partial discharge.

However,  it  is  considered for  this  document  that  the  combination of  the  insulation  of  the individual conductors and the non-metallic sheath of the cable provides enhanced protection according to Table 3 if the cable complies with the following requirements:

a)  the cable complies with an applicable cable product standard;

b)  the rated voltage of the insulated conductor or cable shall be not less than the rated voltage within the circuit and against other circuits; and
c)  the test voltage of the insulated conductors shall comply with the applicable Table 28 or
Table 29.

NOTE 1   Impulse withstand voltage test and partial discharge test are not required in general, except where cables are part of an enhanced protection within a component or subassembly, and then only restricted to the region between the two different DVC.
The insulation of the conductor is considered basic protection and the non-metallic sheath is considered fault protection.

NOTE 2   For more information, see IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017, 412.2.4.

4.11.2.2     Accessible wiring system
Accessible wiring systems outside of the enclosure are considered to meet the requirements of barriers or enclosure in 4.4.3.3 for PECS, if adequate mechanical protection of the insulated conductor is provided by one or more of the following:

a)  a non-metallic sheath of the cable, provided that the requirements 4.11.2 are met; or b)  an insulated conductor providing basic insulation with

1)  a non-metallic cable duct complying with IEC 61084 (all parts);

2)  a non-metallic conduit complying with IEC 61386 (all parts) or equivalent;

3)  a metallic cable duct or conduit, provided that that metallic parts are connected with the equipotential bonding system and comply with 4.4.4.2.2; or
4)  an  insulated  conductor  complying  with  an  applicable  insulated  conductor  product standard and providing reinforced insulation.

4.11.2.3     Conductors of different circuits
Conductors of different circuits in multiconductor cable or occupying the same duct (for example conduit, cable trunking system) shall be adequately protected against all other conductors according to Table 3, or all conductors shall have protection for the highest voltage involved.

If the insulation relies on clearance and creepage distance, means shall be provided to keep the conductors separated.
4.11.3    Stranded wire
The connection points provided shall be of appropriate construction to preclude the possibility of loose strands reducing the spacing between conductors when careful attention is paid to installation.

When stranded wiring or stranded shields of shielded wire is connected to a wire-binding screw, terminal or other means for connecting, the construction shall be such that loose strands will meet the requirements in 4.4.7.4 and 4.4.7.5 against:

      other uninsulated live parts not always of the same potential as the wire; or
      conductive metal parts not connected with PE.
4.11.4    Routing and clamping
A hole through which insulated wires pass in a sheet metal wall within the enclosure of the PECS shall be provided with a smooth, well-rounded bushing or grommet or shall have smooth, well-rounded surfaces upon which the wires bear to reduce the risk of abrasion of the insulation.

Wires shall be routed away from sharp edges, screw threads, burrs, fins, moving parts, drawers, and similar parts, which abrade the wire insulation. The minimum bend radius specified by the wire manufacturer shall not be violated.
Clamps and guides, either metallic or non-metallic, used for routing stationary internal and external wiring shall be provided with smooth, well-rounded edges. The clamping action and bearing surface shall be such that abrasion or deformation of the insulation does not occur. If a metal clamp is used for conductors having thermoplastic insulation less than 0,8 mm thick, non-conducting mechanical protection shall be provided.
Compliance is checked by visual inspection in 5.2.1.

4.11.5    Identification of conductors and terminals
Where the identification of internal conductors, terminals and field wiring terminals is considered necessary for safety during installation and/or maintenance, it is in the responsibility of the PECS manufacturer to choose the appropriate method. Guidance is given in IEC 60445:2021 and IEC 61148:2011.

When identification by colour is used, it shall be at terminations and preferably throughout the length of the conductor either by the colour of the insulation or by colour markers, except for bare conductors where the colour identification shall be at termination and connection points.

When identification by colour is used, the colour green-and-yellow shall be used for protective equipotential bonding or PE conductor(s). Green-and-yellow colour shall not be used for other purpose. Where a circuit includes a neutral identified by colour, the colour used for this purpose shall be light blue.

The  choice  of  light  blue  for  the  neutral  conductor  and  green  or  green-and-yellow for  the protective equipotential bonding or PE conductor(s) is covered by national regulations. In some countries, the colour code deviates from the above requirement or allows other alternatives.

NOTE   In US and Canada, the colour white instead of light blue is used for the neutral conductor. Green instead of green-and-yellow is used for the PE conductor.

For insulated conductors which are integral to ribbon cable or multi-cord signal cable, only identified  by  the  colour,  the  usage  of  single  colours  green,  yellow  and  blue  is  permitted; however, the manufacture shall provide information and/or marking(s) which clearly indicate the colour code meaning. This shall also prevent mis-identification with earthing or other systems that might classically use these colours.

4.11.6    Splices and connections
All  splices  and  connections  shall  be  mechanically  secured  and  shall  provide  electrical continuity.

Electrical connections shall be soldered, welded, crimped, or otherwise securely connected. A

soldered joint, other than a component on a PWB, shall additionally be mechanically secured.

Stranded wire shall not be consolidated with solder where secured in a terminal that relies on pressure for contact.

When screw terminal connections are used, the resulting connections may require routine maintenance (tightening).

Appropriate reference shall be made in the documentation. For marking, see 6.3.7.4.2.

4.11.7    Accessible connections
In addition to means given in 4.4.2.5, it shall be ensured that neither insertion error nor polarity reversal of connectors can lead to a voltage on an accessible connection higher than the maximum of DVC As, unless all circuits which supply this connection meet the single fault condition requirements of Table 5 and all requirements of 4.5.1.2.

If the PECS is designed to be supplied only at  voltages not exceeding DVC As  in normal operating conditions or single fault condition, or from a source used solely to supply that PECS, the plugs of the power supply cord shall not fit into the plug and socket-outlets of mains supply systems at voltages above the rated supply voltage of the PECS.

NOTE   IEC TR 60083:2015 provides information about plugs and socket-outlets for mains supply systems.
Standard mains supply plugs and socket-outlets shall not be used for purposes other than connection of a mains supply. This applies for example to plug-in sub-assemblies or other plug- in devices which can be plugged in without the use of a tool or key or which are accessible without the use of a tool or key. This does not apply to PECS intended to be installed in restricted access areas.
If plug pins of cord-connected PECS receive a charge from an internal capacitor, the pins shall be investigated to 4.4.2.5 and 4.4.9.

Test according to 5.2.3.8 shall be conducted, if necessary. Marking is required on PECS with plug and socket-outlets:

a)  if the plug and socket-outlet can accept a standard mains supply plug, there shall be a marking as specified in 6.3.7.5; or
b)  if the plug and socket-outlet has a terminal contact for a PE conductor, the input mains supply connection to the PECS shall include a PE conductor connected to a PE conductor terminal.

If relevant, non-interchangeability and protection against polarity reversal of connectors, plugs and outlets shall be confirmed by visual inspection in 5.2.1 and trial insertion.
4.11.8    Interconnections between parts of the PECS
Consideration shall be given to the voltage and the current rating of the circuit(s) and the temperature of the surroundings for wiring between parts of the complete PECS. All sections of the PECS shall comply with one of the following requirements of

      applicable subclauses 4.11.2 to 4.11.11;
      IEC 60364 (all parts); or
      local installation rules.
NOTE 1   Information about current rating of conductors is provided in IEC 60364-5-52:2009 considering ambient temperature, installation method, cable type, material of conductor and insulation.

Cable assemblies and flexible cords provided for interconnection between sections of PECS or between parts of a system shall be suitable for the electrical, mechanical, thermal and environmental conditions of use taking into account 4.4.7 and 4.9. For enclosed PECS, cables shall be protected from physical damage as they leave the enclosure and shall be provided with mechanical strain relief according to 4.12.6.

Misalignment of male and female connectors, insertion of a multipin male connector in a female connector other than the one intended to receive it, and other manipulations of accessible parts shall not result in mechanical damage or a risk of thermal hazards, electric shock, or injury to persons.

When external interconnecting cables terminate in a plug which mates with a receptacle on the external surface of an enclosure, no risk of electric shock shall exist at accessible part of contacts of either the plug or receptacle when disconnected. Requirements for external interconnecting of DVC As and DVC B are given in 4.4.2.5.

For internal interconnecting, no requirements are given.

NOTE 2   An interlock circuit in the cable to de-energize the accessible part of contacts whenever an end of the cable is disconnected meets the intent of these requirements.

NOTE 3   For information, see IEC 60204-1:2016.

4.11.9    Supply connections
4.11.9.1     General
PECS intended to be permanently connected to the mains supply or non-mains supply shall have means for connection to the applicable wiring system in accordance with the requirements where it is being installed.
4.11.9.2     Mains supply cords
NOTE   Requirements have been derived from IEC 61010-1:2010; 6.10.1.
The following requirements apply to non-detachable mains supply cords and to detachable

mains supply cords supplied with the PECS.

Cords shall comply with 4.11 as applicable and be rated for the maximum current for the PECS. If  a  cord  is  likely  to  contact hot  external parts  of  the  PECS,  it  shall be  made of  suitably

heat-resistant material.

If the cord is detachable, both the cord and the appliance inlet shall have adequate temperature ratings.

The identification of the conductors and terminals shall be according to 4.11.5.

Detachable mains supply cords with mains supply connectors according to the relevant parts of IEC 60320 (all parts) shall either meet the requirements of IEC 60799:2018, or shall be rated at least for the current rating of the mains supply connector fitted to the cord.

Figure 12 explains the terminology for mains supply cords.
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Figure 12 – Detachable mains supply cords and connections
Compliance is checked by visual inspection in 5.2.1 and, where necessary, by measurement.

4.11.9.2.1      Fitting of non-detachable mains supply cords
4.11.9.2.1.1      Cord entry
Mains supply cords shall comply with 4.11.4 and be protected against abrasion and sharp bends at the point where the cord enters the PECS, by one of the following means:

a)  an inlet or bushing with a smoothly rounded opening; or
b)  reliably fixed flexible cord guard made of insulating material protruding beyond the inlet opening by at least five times the overall diameter of a cord with the largest cross-sectional area which can be fitted. For flat cords, the larger cross-sectional dimension is taken as the overall diameter.

Compliance  is  checked  by  visual  inspection  in  5.2.1  and,  if  needed  by  measurement  of dimensions.

4.11.9.2.1.2      Cord anchorage
The cord anchorage shall comply with the requirements and tests of strain relief in 4.12.6.

4.11.9.2.1.3      Plugs and connectors
Plugs and connectors for connecting PECS to the mains supply, including appliance couplers used to connect detachable mains supply cords, shall conform to the relevant specifications for plugs and socket-outlets and connectors and shall comply with 4.11.7.

4.11.10  Field wiring terminals and internal terminals
4.11.10.1   Construction requirements
All parts of field wiring terminals and internal terminals which maintain contact and carry current shall be of metal having adequate mechanical strength.
Terminals shall be such that the conductors can be connected by means of screws, springs or other equivalent means so as to ensure that the necessary contact pressure is maintained.
Terminals  shall  be  constructed  so  that  the  conductors  can  be  clamped  between  suitable surfaces without any significant damage either to conductors or terminals.

Terminals shall not allow the conductors to be displaced or be displaced themselves in a manner detrimental to the operation of PECS and the insulation shall not be reduced below the rated values.
The requirements of 4.11.10.1 are met by using terminals complying with IEC 60947-7 (all parts).

For marking, see 6.3.7.4.

4.11.10.2   Connecting capacity
Field wiring terminals and internal terminals shall accommodate installation of wiring specified in the documentation. It shall be possible to perform the installation according to the wiring rules applicable at the installation.

The terminals shall be sized to cover all of the following requirements:

      the wire size for 125 % of the maximum nominal current:
–    the intended material of the conductor for example copper or aluminium; and
–    the longest permitted cable length;


the wire size for the lowest specified load current intended to be used: the shortest permitted cable length;

      the temperature rating of the intended insulation for the conductor; and

      the highest ambient temperature of the intended installation of the load cable.

NOTE 1   Long cable can cause unallowable voltage drop which can be compensated using a larger wire size.

NOTE 2   Examples  for  ambient  temperature:  IEC 61439-1:2020  and  IEC 60204-1:2016  require  at  least  40° C, IEC 60364-5-52:2009 requires at least 30° C for all installations and 20° C for installations with buried cables.

For compliance, the terminals shall meet the temperature rise test of 5.2.3.10. For marking, see 6.3.7.4.2.

NOTE 3   Standard values of cross-section of round copper conductors are shown in Annex G, which also gives the approximate relationship between ISO metric and AWG/MCM sizes.

4.11.10.3   Connection to external conductors
Field wiring terminals for connection of external conductors shall be readily accessible during installation. See 4.11.5.

Sets of terminals for connection to the same input or output shall be grouped together and shall be located in proximity to each other and to the main protective earthing terminal, if any. If the documentation provides detail on the proper earthing of the system, the protective earthing terminal need not be placed in proximity to the terminals.

For each connection with a neutral and/or PE terminal, these terminal(s) shall be located near the associated phase terminals.

The required tightening torque shall be stated in the installation documentation. For PE terminals, 4.4.4.3.2 and 4.4.4.3.3 apply.

For marking, see 6.3.7.4.

4.11.10.4   Wire bending space for wires 10 mm2 and greater
For PECS, the distance between a terminal for connection to the mains supply, or between major parts of the PECS (for example transformer, part of the PECS), and an obstruction toward which the wire is directed upon leaving the terminal shall be at least that specified in Table 19.

Table 19 – Wire bending space from terminals to enclosure
	Size of wire
	Minimum bending space, terminal to enclosure

	mm2
	mm

	
	Wires per set of terminal

	
	1
	2
	3

	10 to 16
	40
	-
	-

	25
	50
	-
	-

	35
	65
	-
	-

	50
	125
	125
	180

	70
	150
	150
	190

	95
	180
	180
	205

	120
	205
	205
	230

	150
	255
	255
	280

	185
	305
	305
	330

	240
	305
	305
	380

	300
	355
	405
	455

	350
	355
	405
	510

	400
	455
	485
	560

	450
	455
	485
	610


Figure 13 shows the example for evaluation of the wire bending space.
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Figure 13 – Example for evaluation of wire bending space
NOTE   See also IEC 62440:2008, 5.6.3, for guidance for wire bending.
4.11.11  Means for shield connection of shielded wire or shielded cable
If  means  for  connecting  the  shield  of  shielded  wire  or  shielded  cable  are  provided,  their construction shall comply with 4.4.4.3.2, 4.11.3, 4.11.4, 4.11.10.1 and 4.12.6.

NOTE   Shielded wire or shielded cable can be needed to fulfil EMC requirements.

4.12   Enclosures
4.12.1    General
The following requirements are in addition to enclosure requirements given in other subclauses relating to specific hazards, for example electric shock hazard in 4.4, fire hazard in 4.6 and mechanical requirements in 4.7.

Enclosures shall be suitable for use in their intended environment. The manufacturer shall specify the intended environment (see 6.3.3) and the IP rating of the enclosure (see 5.2.2.3 for test).

Enclosures shall have adequate mechanical strength and shall be so constructed that no hazard occurs when subjected to such handling as may be expected.

Mechanical strength tests are not required on an internal barrier, screen or the like, provided to meet the requirements of 4.6.3, if the enclosure provides mechanical protection.

An enclosure shall be sufficiently complete to contain or deflect parts which, because of failure or for other reasons, might become loose, separated or thrown from a moving part.

Compliance shall be checked by the relevant tests of 5.2.2.4, 5.2.2.5, 5.2.2.6 and 5.2.2.7 as specified. If a metallic enclosure complies with the applicable thickness requirement of 4.12.3 or 4.12.4, the test in 5.2.2.4.2 can be waived.

For open type PECS, the tests of 5.2.2.4 to 5.2.2.7 are not required.
4.12.2    Handles and manual controls
Handles, knobs, grips, levers and the like shall be reliably fixed so that they will not work loose when used as intended, if this could result in a hazard. Sealing compounds and the like, other than self-hardening resins, shall not be used to prevent loosening. If handles, knobs and the like are used to indicate the position of switches or similar components, it shall not be possible to fix them in a wrong position if this could result in a hazard.
Compliance shall be checked by visual inspection in 5.2.1, and as applicable by the tests of
5.2.2.7.

4.12.3    Cast metal
At threaded holes for conduit a minimum of 6,4 mm thickness is required for all materials of
4.12.3.

Die-cast metal shall be

not less than 2,0 mm thick for an area larger than 155 cm2 or having any dimension larger than 150 mm; and


not less than 1,2 mm thick for an area of 155 cm2 or less and having no dimension larger than 150 mm.

The area under evaluation may be bounded by reinforcing ribs subdividing a larger area.

Malleable iron or permanent-mould cast aluminium, brass, bronze, or zinc shall be

      at least 2,4 mm thick for an area larger than 155 cm2 or having any dimension larger than
150 mm; and

      at  least 1,5 mm  thick  for  an  area of  155 cm2  or  less  having no  dimension larger than
150 mm.

A  sand-cast  metal  enclosure  shall  be  a  minimum  of  3,0 mm  thick  except  at  locations  for threaded holes for conduit, where a minimum of 6,4 mm is required.

4.12.4    Sheet metal
The thickness of a metal enclosure at points to which a wiring system is to be connected shall not be less than
      0,8 mm thick for uncoated ferrous metal; and
      1,2 mm thick for non-ferrous metal.
The base thickness of coated ferrous metal shall be 0,8 mm minimum.

Enclosure thickness at points other than where a wiring system is to be connected shall be not less than that specified in Table 20 or Table 21.

With reference to Table 20 or Table 21, a supporting frame is a structure of angle or channel or folded section of sheet metal, which is attached to and has the same outside dimensions as the enclosure surface, and which has torsional rigidity to resist the bending moments that are applied by the enclosure surface when it is deflected. A structure which is as rigid as one built with a frame of angles or channels has equivalent reinforcing.

Constructions without supporting frame include

      a single sheet with single formed flanges – formed edges;
      a single sheet which is corrugated or ribbed;
      an enclosure surface loosely attached to a frame, for example, with spring clips; or
      an enclosure surface having an unsupported edge.
See Figure 14 for supported and unsupported enclosure surfaces.
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Figure 14 – Supported and unsupported enclosure parts
Each enclosure surface is evaluated individually based on the length and width dimensions. For each set of surface dimensions, A, B or C, the width is the smaller dimension regardless of its orientation to other surfaces. In Table 20 and Table 21, there are two sets of dimensions that correspond to a single metal thickness requirement, and the following describes the applicable procedure for determining the minimum metal thickness for each surface.
For a supported surface, all of the table dimensions, including the "not limited" lengths, are able to be applied. The rear surface A and the top and bottom surfaces C are supported either by adjacent surfaces  of  the  enclosure or  by  a  12,7 mm  (1/2 inch)  wide  flange. To  determine required metal thickness for supported surfaces, the width shall be measured and compared with the table value in the maximum width column that is equal to or greater than the measured width. When the corresponding length in  the  maximum length column is  "not  limited", the minimum thickness in the far right column shall be used. When the corresponding length in the maximum length column is a numerical value, and the measured length of the side does not exceed this value, the minimum thickness from the far right column shall be used. When the measured length of the side exceeds the numerical value, the next line in Table 20 and Table 21 shall be used.

For  an  unsupported  surface,  only  the  table  dimensions  that  include  a  specific  length requirement are applied. The dimensions with a "not limited" length do not apply. The front edge of the left and right surfaces B are not supported by an adjacent surface or by a flange. To determine the required metal thickness for unsupported surfaces, the length shall be measured and compared with the table value in the maximum length column that is not less than the measured  length,  ignoring  the  "not  limited"  entries.  When  the  corresponding width  in  the maximum width column is not less than the measured width, the minimum thickness from the far right column shall be used. When the measured width of the surface exceeds the value in the maximum width column, the next line in Table 20 and Table 21 shall be used.
Table 20 – Thickness of sheet metal for enclosures:
carbon steel or stainless steel
	Without supporting frame a
	With supporting frame a
	Minimum thickness
mm

	Maximum width
mm b
	Maximum length
mm c
	Maximum width
mm c
	Maximum length
mm c
	

	100
120
	Not limited

150
	160
170
	Not limited

210
	0,6 d

	150
180
	Not limited

220
	240
250
	Not limited

320
	0,75 d

	200
230
	Not limited

290
	310
330
	Not limited

410
	0,9

	320
350
	Not limited

460
	500
530
	Not limited

640
	1,2

	460
510
	Not limited

640
	690
740
	Not limited

910
	1,4

	560
640
	Not limited

790
	840
890
	Not limited

1 090
	1,5

	640
740
	Not limited

910
	990
1 040
	Not limited

1 300
	1,8

	840
970
	Not limited

1 200
	1 300

1 370
	Not limited

1 680
	2,0

	1 070

1 200
	Not limited

1 500
	1 630

1 730
	Not limited

2 130
	2,5

	1 320

1 520
	Not limited

1 880
	2 030

2 130
	Not limited

2 620
	2,8

	1 600

1 850
	Not limited

2 290
	2 460

2 620
	Not limited

3 230
	3,0

	a      See 4.12.4.

b
The width is the smaller dimension of a rectangular piece of sheet metal which is part of an enclosure. Adjacent surfaces of an enclosure can have supports in common and be made of a single sheet.

c
"Not limited" applies only when the edge of the surface is flanged at least 12,7 mm or fastened to adjacent surfaces not normally removed in use.
d      Sheet steel for an enclosure intended for outdoor use should be not less than 0,86 mm thick.


Table 21 – Thickness of sheet metal for enclosures:
aluminium, copper or brass
	Without supporting frame a
	With supporting frame a
	Minimum thickness
mm

	Maximum width,
mm b
	Maximum length,
mm c
	Maximum width,
mm b
	Maximum length,
mm c
	

	75
90
	Not limited

100
	180
220
	Not limited

240
	0,6 d

	100
125
	Not limited

150
	250
270
	Not limited

340
	0,75

	150
165
	Not limited

200
	360
380
	Not limited

460
	0,9

	200
240
	Not limited

300
	480
530
	Not limited

640
	1,2

	300
350
	Not limited

400
	710
760
	Not limited

950
	1,5

	450
510
	Not limited

640
	1 100

1 150
	Not limited

1 400
	2,0

	640
740
	Not limited

1 000
	1 500

1 600
	Not limited

2 000
	2,4

	940
1 100
	Not limited

1 350
	2 200

2 400
	Not limited

2 900
	3,0

	1 300

1 500
	Not limited

1 900
	3 100

3 300
	Not limited

4 100
	3,9

	a      See 4.12.4.

b
The width is the smaller dimension of a rectangular piece of sheet metal which is part of an enclosure. Adjacent surfaces of an enclosure can have supports in common and be made of a single sheet.

c
"Not limited" applies only when the edge of the surface is flanged at least 12,7 mm or fastened to adjacent surfaces not normally removed in use.
d
Sheet aluminium, copper or brass for an enclosure intended for outdoor use should be not less than 0,74 mm thick.


4.12.5    Stability requirement for enclosure
Under conditions of intended use, floor-standing PECS without fixing or other PECS during commissioning shall not become physically unstable to the degree that they could become a hazard.
If PECS are designed to be fixed together on site and not used individually, the stability of each individual PECS is exempt from the requirements of 4.12.5.

The requirements of 4.12.5 are not applicable if the documentation specifies that the PECS is to be secured to the building structure before operation.

During operations performed by an ordinary person, a stabilizing means, if needed, shall be automatic in operation when drawers, doors, etc., are opened.
During operations performed by a skilled person, the stabilizing means, if needed, shall either be automatic in operation, or a marking shall be provided to instruct the skilled person to deploy the stabilizing means.

Compliance is checked by test of 5.2.2.5.

For marking, see 6.3.4.

4.12.6    Strain relief
Where an external flexible cord or cable are connected to the PECS, strain relief shall be provided to protect the conductors of the cord or cable from strain, including twisting. The strain relief shall also protect the insulation of the conductors from abrasion.
The PE conductor, if any, shall be the most robust connection and the absolute last to detached under excessive strain.

Strain reliefs shall meet the following requirements:

a)  the cord shall not be clamped by a screw which presses directly on the cord;
b)  knots in the cord shall not be used as a means of strain relief;

c)  the cord shall not be damaged when subjected to a torque of the value and time shown in

Table 25 as close as possible to the external end of the cord strain relief or bushing;
d)  clamps and guides, either metallic or non-metallic, shall be provided with smooth, well- rounded edges to prevent failure of the insulation;

e)  in general access areas, it shall not be possible to loosen the cord strain relief without the use of a tool.

A  cable  gland  shall  not  be  used  as  a  strain  relief  unless  the  cable  gland  manufacturer’s specification states that it is suitable for use as a strain relief.

Compliance is demonstrated by visual inspection in 5.2.1 and by test in 5.2.2.8.

4.12.7    Polymeric enclosure stress relief
Enclosures of moulded or formed thermoplastic materials shall be so constructed that any shrinkage or distortion of the material due to release of internal stresses caused by the moulding or forming operation does not result in the exposure of hazardous parts or in the reduction of creepage distances or clearances below the minimum required.
Compliance shall be checked according to 5.2.2.4.5.

4.12.8    Polymeric enclosure UV resistance
Polymeric  parts  of  an  outdoor  enclosure  subjected  to  ultra-violet  (UV)  exposure  shall  be sufficiently resistant to degradation by UV radiation.

Compliance is checked by visual inspection in 5.2.1 of the construction and also either by

available data regarding the UV resistance characteristics of the enclosure material and any associated protective coating; or
      test according to 5.2.5.9. For marking, see 6.3.3.

4.13   Components
4.13.1    General
Components identified in 4.2 and 4.4.7.1.8 shall be used within their specified ratings during normal operating conditions and shall be suitable for the environmental and electrical conditions where the component is located within the PECS and

a)  comply with its relevant component safety standard; or
b)  when no relevant component safety standard exists, shall be subjected to all the applicable design requirements of this document.

All applicable tests requirements of this document apply.

For components evaluated according to b) above, the components shall be subjected to sample tests  which  includes  but  is  not  limited  to  material  inspection,  testing  and  investigation to determine ongoing compliance with safety requirements of this document.

NOTE 1   A component safety standard is considered relevant only if the component in question falls within the scope of the component safety standard.
Relevant component safety standards are considered to be either
1)  the relevant IEC component safety standard, or
2)  a  non-IEC  component  safety  standard  issued  by  a  national,  international  or  industry recognized standards development organization.
NOTE 2   The Bibliography provides an informative list of relevant component safety standards.

Compliance is checked by visual inspection in 5.2.1 and tests.

4.13.2    PTC thermistors
NOTE 1   Derived from requirements of IEC 62368-1:2018.

PTC  thermistors  used  for  limited  power  sources  according  to  4.6.5  shall  comply  with IEC 60730-1:2013 and  IEC 60730-1:2013/AMD2:2020, Clause  15,  Clause  17,  Clause J.15, Clause J.17, Type 2.A.L. action.

For PTC thermistors whose continuous power dissipation that appears at its maximum voltage at an ambient temperature of 25 °C or otherwise specified by the manufacturer for tripped state, determined as given in IEC 60738-1:2009, 3.38, exceeds 15 W and with a size of 1 750 mm3 or more, the encapsulation or tubing shall be made of V-1 class material or better.

NOTE 2   "Tripped state" means the state in which PTC thermistors are shifted to a high resistance condition at a given temperature.
4.13.3    Mains supply cords
Requirements are given in 4.11.9.2.

4.13.4    Capacitors and RC units bridging insulation
Capacitors and RC units for electromagnetic interference suppression that serve as (electrical) insulation   and   connected   to   mains   supply   or   non-mains   supply   shall   comply   with IEC 60384-14:2013.

RC units and EMC filters may consist of discrete components. Refer to IEC 60384-14:2013, Table 1 and Table 2, and IEC 60940:2015, 7.1, for substitution of Y capacitors.

Capacitors other than as mentioned above shall comply with relevant IEC standards based on the construction, type of dielectric medium, connection and application.

Capacitors and RC units used for bridging functional insulation do not need to fulfil the above requirements, when evaluated according to 4.2 for single fault conditions.

4.13.5    Wound components
Varnish or enamel insulation of wires shall not be used for basic insulation, supplementary insulation, double insulation or reinforced insulation.

Wound components shall meet the requirements of 4.4.7.8.1, 4.4.7.8.3 and 4.4.7.10.

An insulated winding wire whose insulation may be used to provide basic insulation, supplementary insulation, double insulation or reinforced insulation in wound components shall comply   with   the   requirements   of   IEC 61558-1:2017,   19.12.3,   or   the   requirements   of IEC 61204-7:2016, 4.4.7.8.5.100.

NOTE   For the definition of "insulated winding wire", see IEC 61558-1:2017; 3.4.8.

4.13.6    Plug and socket-outlets
Requirements are given in 4.11.7.

4.14   Protection against electromagnetic fields
For more information, refer to Annex P.

5    Test requirements
5.1     General
5.1.1      Test objectives and classification
Where required by Clause 4, testing, as defined in this Clause 5, is required to demonstrate that PECS is fully in accordance with the requirements of this document.

The subclauses in this Clause 5 describe the procedures to be adopted for the testing of PECS. The tests are classified as:

      type tests;
      routine tests; or
      sample tests.
Where specific values are stated elsewhere in this document, the values are nominal.

The manufacturer and/or test house shall ensure that the specified maximum and/or minimum environment or test values are imposed, taking tolerances and measurement uncertainties fully into account. See 5.1.5.3 for general test environments.

WARNING – These tests can result in hazardous situations. Suitable precautions shall be taken to avoid injury.

5.1.2      Selection of test samples
When testing a range or series of similar products, it may not be necessary to test all models in the range. Each test should be performed on a model or models including specified accessories having mechanical and electrical characteristics that adequately represent the entire range for that particular test.

NOTE   For example, tests on enclosures of the same material but different sizes can be represented by a single enclosure, but tests on power components that have different ratings often cannot be represented by testing on one particular model.

5.1.3      Sequence of tests
In general, there is no requirement for tests to be performed in a set sequence, nor is it required that they are all performed on the same sample of PECS. However, the acceptance criteria for some of the tests require that they are followed by one or more further tests.

5.1.4      Earthing conditions
Test requirements shall be determined using the worst case (most stressful) system earthing allowed by the manufacturer. System earthing may include:
      phase connected to earth;
      neutral connected to earth;
      neutral connected to earth through high impedance; or
      isolated (not earthed).
5.1.5      General conditions for tests
5.1.5.1       Application of tests
Unless otherwise stated, upon conclusion of the tests, the PECS need not be operational.

5.1.5.2       Test samples
Unless otherwise specified, the sample or samples under test shall be representative of the
PECS the user would receive, or shall be the actual PECS ready for shipment to the user.

As  an  alternative  to  carrying  out  tests  on  the  complete  PECS,  tests  may  be  conducted separately on circuits, components or sub-assemblies outside the PECS, provided that visual inspection in 5.2.1 of the PECS and circuit arrangements indicates that the results of such testing will be representative of the results of testing the assembled PECS. If any such test indicates a likelihood of non-compliace in the complete PECS, the test shall be repeated on the complete PECS.

Where in this document compliance of materials, components or sub-assemblies is checked by visual inspection in 5.2.1 or by testing of properties, it is permitted to confirm compliance by reviewing any relevant data or previous test results that are available instead of carrying out the specified type tests. See also 4.1.

5.1.5.3       Operating parameters for tests
The test conditions of Table 22 apply.

Table 22 – Environmental conditions for tests
	Temperature
°C
	Relative humidity
%
	Air pressure
kPa

	15 to 35
	25 to 75
	86 to 106

	Source: IEC 60068-1:2013, Table 2.

NOTE   If the above conditions are not achievable, tests can be performed within the rated range of the climatic conditions of the PECS.


Except where specific test conditions are stated elsewhere in this document and where it is clear that there is a significant impact on the results of the test, the tests shall be conducted under the most unfavourable combination within the manufacturer's operating specifications of the following parameters:

      supply voltage;
      supply frequency;
      operating temperature taking derating and cooling control characteristic into account;

      physical location of equipment and position of movable parts;
      operating mode;
      load conditions;
      adjustment of thermostats, regulating devices or similar controls in restricted access areas.

In determining the most unfavourable frequency for the power to energize the PECS under test, different rated frequencies within the rated frequency range shall be taken into account (for example,  50 Hz  and  60 Hz),  but  consideration of  the  tolerance  on  a  rated  frequency  (for example, 50 Hz ± 0,5 Hz) is not normally necessary.

5.1.5.4       Mounting
Each PECS shall be mounted, connected and operated as described in the manufacturer’s documentation.  When  the  documentation  specifies  more  than  one  mounting  position,  an analysis shall be made to determine the mounting position(s) that will result in the worst case test condition.
5.1.5.5       Representative tests
Analysis may be used to reduce the number of tests if it is shown that the results of one combination are representative of the results of another combination.

5.1.6      Compliance
Compliance with this document shall be verified by carrying out the appropriate tests specified in this Clause 5. For construction requirements and information to be provided by the manufacturer, compliance shall be verified by suitable examination, visual inspection in 5.2.1, and/or measurement.

Compliance may only be claimed if all relevant tests have been passed.
Measuring instruments shall have a negligible influence on the test results.

NOTE   In case of verification of the voltage by test, an input impedance of 100 MΩ or greater in parallel with an input capacitance of 25 pF or less is considered as appropriate.
Whenever design or component changes have potential impact upon compliance, new type testing shall be performed to confirm compliance. It is desirable that the modified product should be identified, for example by using a suitable date code or serial number as described in 6.5.1.

5.1.7      Test overview
Table 23  provides  an  overview  of  type  test,  routine  test  and  sample  test  of  electronic

components and PECS.

Table 23 – Test overview
	Test
	Type
	Routine
	Sample
	Requirement(s)
	Specification

	Visual inspection
	X
	X
	
	
	5.2.1

	Mechanical tests
	
	
	
	
	5.2.2

	Clearance and creepage distances test
	X
	
	
	4.4.7.1, 4.4.7.5
	5.2.2.1

	Non-accessibility test
	X
	
	
	4.4.3.3, 4.5.1.1, 4.6.3.3.2
	5.2.2.2

	Ingress protection test (IP

rating)
	X
	
	
	4.12.1
	5.2.2.3

	Enclosure integrity test
	X
	
	
	4.12.1
	5.2.2.4

	Deflection test
	X
	
	
	4.4.7.4.5, 4.12.1
	5.2.2.4.2

	Steady force test, 30 N
	X
	
	
	4.4.7.4.5, 4.12.1
	5.2.2.4.2.2


	Test
	Type
	Routine
	Sample
	Requirement(s)
	Specification

	Steady force test, 250 N
	X
	
	
	4.4.7.4.5, 4.12.1
	5.2.2.4.2.3

	Impact test
	X
	
	
	4.12.1
	5.2.2.4.3

	Drop test
	X
	
	
	4.12.1
	5.2.2.4.4

	Mould stress relief distortion test
	X
	
	
	4.12.7
	5.2.2.4.5

	Stability test
	X
	
	
	4.12.1
	5.2.2.5

	Wall or ceiling mounted PECS
test
	X
	
	
	4.12.1
	5.2.2.6

	Handles and manual control securement test
	X
	
	
	4.12.2
	5.2.2.7

	Strain relief test
	X
	
	
	4.12.6, 4.11.9.2.1.2
	5.2.2.8

	Electrical tests
	
	
	
	4.4.7.10
	5.2.3

	Impulse withstand voltage test
	X
	
	X
	4.4.3.2, 4.4.5.5, 4.4.7.1,

4.4.7.10.2, 4.4.7.10.3,

4.4.7.8.3
	5.2.3.2

	AC or DC voltage test
	X
	X
	
	4.4.3.2, 4.4.5.5, 4.4.7.1,

4.4.7.10.2, 4.4.7.10.3,

4.4.7.8.4.3
	5.2.3.4

	Partial discharge test
	X
	
	X
	4.4.7.1, 4.4.7.10.3,

4.4.7.8.3
	5.2.3.5

	Protective impedance test
	X
	X
	
	4.4.5.5
	5.2.3.6

	Touch current test
	X
	
	
	4.4.4.3.3.1
	5.2.3.7.2

	Leakage current test
	X
	
	
	4.4.4.3.3.4
	5.2.3.7.3

	Capacitor discharge test
	X
	
	
	4.4.9
	5.2.3.8

	Limited power source test
	X
	
	
	4.5.1.2, 4.6.5
	5.2.3.9

	Temperature rise test
	X
	
	
	4.6.4
	5.2.3.10

	Protective equipotential bonding test
	X
	X
	
	4.4.4.2.2
	5.2.3.11

	Input test
	X
	
	
	6.2.1.3
	5.2.3.12

	Standard test procedure for non-separable thin sheet
material
	X
	
	
	4.4.7.8.3
	5.2.3.13.2

	Mandrel test
	X
	
	
	4.4.7.8.3
	5.2.3.13.3

	Determination of working voltage
	X
	
	
	4.4.7.1.2
	5.2.3.14

	Internal SPD monitoring test
	X
	
	
	4.4.7.2.2
	5.2.3.15

	Electromagnetic field (EMF)
	X
	
	
	4.14
	5.2.8

	Abnormal operation tests
	
	
	
	4.2
	5.2.4

	Protective equipotential
bonding short-circuit withstand test
	X
	
	
	5.2.3.11.2.1
	5.2.4.3

	Output short-circuit test
	X
	
	
	4.3
	5.2.4.4

	Short-time withstand current
(Icw) test
	X
	
	
	4.3.2.3
	5.2.4.4.3.2

	Output overload test
	X
	
	
	4.3
	5.2.4.5

	Breakdown of components test
	X
	
	
	4.2
	5.2.4.6

	Material short-circuit test
	X
	
	
	4.4.7.7
	5.2.4.7

	Loss of phase test
	X
	
	
	4.2
	5.2.4.8

	Cooling failure tests
	X
	
	
	4.2, 4.7.2.2.5
	5.2.4.9

	Inoperative blower test
	X
	
	
	4.2
	5.2.4.9.2
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	Test
	Type
	Routine
	Sample
	Requirement(s)
	Specification

	Clogged filter test
	X
	
	
	4.2
	5.2.4.9.3

	Loss of coolant test
	X
	
	
	4.7.2.2.5
	5.2.4.9.4

	Covering of openings for cooling air test
	X
	
	
	4.2
	5.2.4.9.5

	Material tests
	
	
	
	
	5.2.5

	High current arcing ignition test
	X
	
	
	4.4.7.8.2
	5.2.5.2

	Glow-wire test
	X
	
	
	4.4.7.8.2
	5.2.5.3

	Hot wire ignition test
	X
	
	
	4.4.7.8.2
	5.2.5.4

	Flammability test
	X
	
	
	4.6.3
	5.2.5.5

	Flaming oil test
	X
	
	
	4.6.3.3.3
	5.2.5.6

	Cemented joints test
	X
	
	
	4.4.7.9
	5.2.5.7

	Durablity of marking test
	X
	
	
	6.4.3.1
	5.2.5.8

	UV resistance test
	X
	
	
	4.12.8
	5.2.5.9

	Test procedure for thin sheet material
	X
	
	
	4.4.7.8.3
	5.2.3.13

	Preconditioning of material
	X
	
	
	4.4.7.8.4.2, 4.4.7.8.4.3,

4.4.7.9
	5.2.3.16

	Environmental tests
	X
	
	
	4.9
	5.2.6

	Dry heat test
	X
	
	
	4.9
	5.2.6.3.1

	Damp heat test
	X
	
	
	4.9
	5.2.6.3.2

	Vibration test
	X
	
	
	4.9
	5.2.6.4

	Salt mist test
	X
	
	
	4.9
	5.2.6.5

	Dust and sand test
	X
	
	
	4.9
	5.2.6.6

	Hydrostatic pressure test
	X
	X
	
	4.7.2.2.3
	5.2.7


5.2     Test specifications
5.2.1      Visual inspection (type test and routine test)
Visual inspections shall be made

as routine tests, to check features such as adequacy of labelling, warnings and other safety aspects, and
      as part of type tests to verify:
–    the relevant design measures and data sheets as specified in 4.3 to 4.14,

–    the acceptance criteria of individual tests in 5.2.2 to 5.2.7,

–    relevant information and marking requirement as specified in 6.2 to 6.5. Routine visual inspections may be part of the production or assembly process.

5.2.2      Mechanical tests
5.2.2.1       Clearances and creepage distances test (type test)
It shall be verified by measurement or visual inspection in 5.2.1 that the clearance and creepage distances comply with 4.4.7.4 and 4.4.7.5. See Annex D for measurement examples.

In the following situations, impulse withstand voltage test of 5.2.3.2 shall be performed as near as possible to the distance under consideration:

where  this  measurement  or  visual  inspection  in  5.2.1  is  impossible  to  perform,  but constructional documentation shows compliance with 4.4.7.4 and 4.4.7.5, and

      where the clearance is designed for homogeneous field conditions according to 4.4.7.4.4.

5.2.2.2       Non-accessibility test (type test)
This non-accessibility test is intended to show that hazardous live parts and hazardous moving parts, for example fan blades, are protected by means of enclosures or barriers complying with

4.4.3.3 and 4.7.3.

This test shall be performed as a type test of the enclosure of a PECS as specified in IEC 60529 for the enclosure classification for protection against access to hazardous parts, except as noted below.

Test 1 (Protection against access with a finger, IP2X, IPXXB):
When the jointed test finger according to Figure M.2 is inserted into any opening of an enclosure
or barrier with a force of 10 N ± 10 % and bended into any direction,

      the test finger shall not touch hazardous moving parts, (see 4.7.3.2),

      adequate clearance to the hazardous live parts shall be maintained (see 4.4.3.3), and

      the test finger shall not bridge parts between which a hazardous electrical energy exists

(see 4.5.1).
Test 2 (Protection against solid foreign objects, IP2X):
When the full diameter of the sphere of 12,5 mm according to Figure M.4 is inserted into any opening with a force of 30 N ± 10 %, the test probe shall not pass completely through the openings (see 4.4.3.3).

Test 3 (Protection against access with the back of the hand, IPXXA):
When the 50 mm test probe according to Figure M.1 is used to demonstrate protection against unintended contact where the enclosure is intended to be opened by skilled persons and the PECS energized during installation or maintenance,

      the test probe shall not pass completely through the openings (see 4.4.3.3),

      the test probe shall not touch hazardous moving parts, (see 4.7.3.2), and

      adequate clearance to the hazardous live parts shall be maintained (see 4.4.3.3).

Test 4 (Protection against access to hazardous parts with a tool, IP3X, top surface):
When the  2,5 mm  test  rod  according to  Figure  M.3  is  inserted into  the  top surface of  an enclosure or barrier from from the vertical direction limited to ±5 ° with a force of 3 N ± 10 %, adequate clearance to the hazardous live parts shall be maintained (see 4.4.3.3 or 4.6.3.3.2).

For compliance, see 5.2.2.1 and Table A.1 considering the appropriate test probe. The test probes from IEC 61032:1997 shall apply and are reproduced in Annex M.

5.2.2.3       Ingress protection test (IP rating) (type test)
5.2.2.3.1        General
As required in 4.12.1, the claimed IP rating of the enclosure shall be verified. This test shall be performed  as  a  type  test  of  the  enclosure  of  a  PECS  as  specified  in  IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013 for the enclosure classification.

In conjunction with IEC 60529:1989, 11.2, the following applies.

a)  One representative sample shall be tested.

b)  The enclosure shall be mounted for test as described in 5.1.5.4.

c)  Testing can be done with an empty enclosure or an enclosure that does not contain all the parts that would be included in the complete product if it can be proven that the removal of these  parts  does  not  impact  the  test  results.  The  manufacturer  is  required  to  provide evidence that the ingress of water or dust will not violate the acceptance criteria for the relevant characteristic numeral IP test.

d)  For large enclosures having a volume greater than 2 m3, if an enclosure is comprised of many identical seams (a joint between two or more pieces) with similar fastening patterns, it is permissible to test one representative joint. This would include doors, panels, shipping splits, access panels, or any mechanical structure of the enclosure that is a potential ingress point where the construction is duplicated multiple times in the same enclosure.

e)  The enclosures shall be tested in the applicable conditions:

      energized;

      not energized;

      moving parts in motion; and
      moving parts not in motion.

Analysis can be used to show that some portion(s) of these requirements could be omitted if the worst case test condition is achieved without that test condition.
Paint or paste that changes colour when exposed to water which allows the water path to be tracked or video equipment installed inside the enclosure are both allowed. There may be other acceptable methods not mentioned. It is the manufacturer’s responsibility to ensure compliance is met with the removal of any test equipment.

The  test  methods  described  in  IEC 60529:1989, Figure 4  and  Figure 5,  are  allowed  when performing IPX3 and IPX4 testing as referenced in IEC 60529:1989, 14.2.3 and 14.2.4.
For acceptance criteria, see 5.2.2.3.4.

The atomized water test of 5.2.2.3.2 is allowed to be used in place of a dust test for IP5X and IP6X ratings if the enclosure is of category 2 in 5.2.2.3.3, except for at ventilation openings. It is not acceptable to test ventilation openings using the alternate atomized water test for first characteristic numerals 5 and 6; however, the gasket between the ventilation opening and housing may be tested using this method.
NOTE   The atomized water test cannot be used to determine how dust would accumulate inside the enclosure which might lead to a hazardous condition. Therefore, the more stringent requirements of IP6X are imposed. It is possible that, with the inclusion of filters, an IP5X rating is necessary for the equipment based on the qualification of the filter. See 4.12.1 for requirements of the IP rating.
5.2.2.3.2        Atomized water test (type test)
The gasketed enclosure seam shall be subjected to a spray of atomized water using a two-fluid nozzle which produces a round pattern 75 mm to 100 mm in diameter when measured 300 mm from the nozzle. The air pressure shall be adjusted to 200 kPa and the flow rate shall be adjusted to 11,4 l/h.

NOTE 1   The atomized water test is taken from NEMA 250.

NOTE 2   The atomized water test can be used to test the complete enclosure or any geometry involving any gasket built as a subassembly because the gasket cannot be validated on the final PECS.

The nozzle shall be held at a distance between 300 mm to 350 mm from the enclosure gasket and the spray of water shall be directed one time at all points of potential dust entry. Movement along dust entry locations shall occur at an approximate rate of linear 0,5 cm/s.

For acceptance criteria, the test shall be considered to have met the IP5X or IP6X requirements if, at the conclusion of the test, no water has entered the enclosure. This is in conjunction with

5.2.2.3.3.

No vacuum is applied for this test.

5.2.2.3.3        Enclosure category 1 or 2 test for IP5X (type test)
To  prove  whether  the  enclosure  is  category 1  or  category 2,  the  following  test  shall  be performed.  Test  is  performed  while  measuring  the  internal  atmospheric  pressure  of  the enclosure and the atmospheric pressure just outside the enclosure along with all thermal data points required inside the enclosure:

      starting from an "OFF state" with all parts at room ambient; and then
      operating the PECS at full load until temperature stability is reached; and then


returning the PECS to is "OFF state" with all parts at room ambient temperature. During the test, holes or openings shall either

      use IP5X or IP6X filters, or
      be sealed.
During the test, the internal pressure of the enclosure shall not decrease more than 2 kPa below the external pressure at any time. If this result is achieved, the PECS is category 2 and the manufacturer  can  follow  the  rules  in  IEC 60529:1989,  IEC 60529:1989/AMD1:1999  and IEC 60529:1989/AMD2:2013 for category 2 enclosures for the dust test in IP5X only.

In  all  other  case,  the  PECS  is  considered  category 1  and  the  rules  of  IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013 shall be followed for category 1 with respect to the dust test. This requires a vacuum be placed on the enclosure during the dust test in this case.

If PECS is proven to be category 1 based on this test, then the measured maximum value of under pressure compared to atmospheric pressure may be used as value of maximum under pressure    of    vacuum    during    this    IP5X    or    IP6X    test    based    on    IEC 60529:1989, IEC 60529:1989/AMD1:1999 IEC 60529:1989/AMD2:2013.

5.2.2.3.4        Acceptance criteria
5.2.2.3.4  is  intended  to  be  used  in  conjunction  with  the  acceptance  criteria  listed  in

IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013.

For    second    characteristic    numerals    1    through    6    defined    in    IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013, if any water has entered the enclosure, it shall not

a)  be sufficient to interfere with the correct operation of the PECS or impair safety,

b)  deposit on insulation parts where it could lead to tracking along the creepage distances, c)  reach live parts,
d)  accumulate near the cable end or enter the cable if any, and e)  accumulate near a cable entrance or exit.

All clearances and creepage distances between live parts and any water that has accumulated in the enclosure shall comply with the requirements of 4.4.7.4 and 4.4.7.5.

5.2.2.4       Enclosure integrity test (type test)
5.2.2.4.1        General
The integrity tests apply to PECS and also where PECS are intended for operation without a further enclosure in restricted access areas.

The integrity tests shall be performed at the worst case point on representative accessible surface(s) of the enclosure.

After completion of the integrity test, the PECS shall pass the electrical tests of 5.2.3.2 and

5.2.3.4 and shall be inspected to confirm that

a)  no degradation of any safety-relevant component of the PECS has occurred;
b)  hazardous live parts have not become accessible (see 4.4.3.3),

c)  enclosures show no cracks or openings which could cause a hazard,

d)  clearances  are  not  less  than  their  minimum  permitted  values  and  other  insulation  is undamaged,

e)  barriers have not been damaged or loosened, and

f)   no moving parts which could cause a hazard are exposed.
The PECS is not required to be operational after testing, and the enclosure may be deformed to such an extent that its original IP rating is not maintained.
5.2.2.4.2        Deflection test (type test)
5.2.2.4.2.1        General
If requested by 4.4.7.4.5 or 4.12.1, the test in 5.2.2.4.2.2 and 5.2.2.4.2.3 apply for metallic
enclosure, as applicable.

The enclosure shall be held firmly against a rigid support.

The tests are not applied to handles, levers, knobs or to transparent or translucent covers of indicating or measuring devices, unless hazardous live parts are accessible by means of the test finger according to Figure M.2 if the handle, lever, knob or cover is removed.
During the tests of 5.2.2.4.2.2 and 5.2.2.4.2.3, earthed or unearthed conductive enclosures
shall either

      not reduce clearances (4.4.7.4) required for basic insulation; or
      withstand the impulse withstand voltage test in 5.2.3.2 for basic insulation.

NOTE   The deflection of the enclosure is considered as a single fault condition.
Damage to the finish, small dents and small chips which do not adversely affect the protection against electric shock or moisture may be ignored.
5.2.2.4.2.2        Steady force test, 30 N (type test)
Parts of an enclosure located in a restricted access area which are protected by a cover or door meeting the requirements of 5.2.2.4.2.3 are subjected to a steady force of 30 N  3 N for a period of not less than 5 s, applied by means of a straight unjointed version of the test finger according to Figure M.2 to the part on or within the PECS.

For acceptance criteria, see 5.2.2.4.1.

5.2.2.4.2.3        Steady force test, 250 N (type test)
External enclosures are subjected to a steady force of 250 N  10 N for a period of not less than 5 s, applied in turn to the top, bottom and sides of the enclosure fitted to the PECS, by means of a suitable test tool providing contact over a circular plane surface 30 mm in diameter. However, this test is not applied to the bottom of an enclosure of PECS having a mass of more than 18 kg or to surfaces that are mounted to a wall.

For surfaces neither horizontal nor vertical, test shall be performed by tilting the PECS in a suitable way so that the surface is either horizontal or vertical.

For acceptance criteria, see 5.2.2.4.1.

5.2.2.4.3        Impact test (type test)
External polymeric surfaces of enclosures, the failure of which would give access to hazardous parts, are tested as follows.

A sample consisting of the complete enclosure, or a portion thereof representing the largest unreinforced area, is supported in its normal position. A solid smooth steel ball, approximately

50 mm in diameter and with a mass of 500 g ± 25 g, is permitted to fall freely from rest through a vertical distance (H) of 1,3 m (see Figure 15) onto the sample. Vertical surfaces are exempt from this test.
In addition, the steel ball is suspended by a cord and swung as a pendulum in order to apply a horizontal impact, dropping through a vertical distance (H) of 1,3 m (see Figure 15) onto the sample. Horizontal surfaces are exempt from this test.

The sample is preconditioned for a period of 3 h at the lowest temperature the manufacturer specifies for operation, storage or transportation.
The sample is then allowed to rise to the lowest temperature the manufacturer specifies for operation and kept there for a period of 3 h, then tested immediately at normal laboratory conditions as specified in Table 22.

Unless analysis shows no influence, as an alternative the sample is rotated 90° about each of its horizontal axes and the ball dropped as in the vertical impact test.

The test is not applied to flat panel displays or to the platen glass of the PECS. For acceptance criteria, see 5.2.2.4.1.
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Figure 15 – Impact test using a steel ball
5.2.2.4.4        Drop test (type test)
PECS designed as hand-held equipment, direct plug-in equipment and movable equipment with mass of 18 kg or less and requiring lifting or handling by an ordinary person as part of its intended use are subjected to the following test.

A sample of the complete PECS is subjected to one impact on each position of 3 corners, 3 edges and each face that result from being dropped onto a sufficiently rigid horizontal surface.

The following is considered to be sufficiently rigid for the drop test:


the horizontal surface consists of hardwood at least 13 mm thick, mounted on two layers of plywood each 19 mm to 20 mm thick, all supported on a concrete or equivalent non-resilient floor; or

the horizontal surface consists of 50 mm thick hardwood board having a density of more than 700 kg/m3 lying flat on a rigid base such as concrete.

The height of the drop for shall be

      1 000 mm for PECS designed as hand-held equipment and direct plug-in equipment; or
      750 mm for PECS designed as movable equipment. For acceptance criteria, see 5.2.2.4.1.

NOTE   Test  requirements  and  severity  are  aligned  with  IEC 60068-2-31:2008,  5.2  (free  fall  procedure  1),  by consideration of unpacked product.

5.2.2.4.5        Mould stress relief distortion test (type test)
When required in 4.12.7, compliance shall be checked by the test procedure described below or by the visual inspection in 5.2.1 of the construction and the available data where appropriate.
One sample consisting of the complete PECS, or of the complete enclosure together with any supporting framework, is tested at a temperature 10 K higher than the maximum temperature

of the enclosure during the temperature rise test of 5.2.3.10, but not less than 70 °C, for a period of 7 h, then permitted to cool at room temperature.
NOTE   More information can be found in IEC 60695-10-3:2016.

For large PECS where it is impractical to condition a complete enclosure, it is permitted to use a portion of the enclosure representative of the complete assembly with regard to thickness and shape, including any mechanical support members.

For acceptance criteria, see 5.2.2.4.1.

5.2.2.5       Stability test (type test)
When required in 4.12.5, the stability shall be verified by the following tests. Each test is carried out separately.

During the tests, reservoirs, if provided, shall contain the amount of liquid within their rated capacity producing the most disadvantageous condition. All castors and jacks, if used in normal operation conditions, are placed in their most unfavourable position, with wheels and the like locked or blocked. However, if the castors are intended only to transport the PECS, and if the documentation requires jacks  to  be  lowered after  installation, then  the  jacks (and not  the castors) are used in this test; the jacks are placed in their most unfavourable position, consistent with reasonable leveling of the PECS.

A PECS having a mass of 7 kg or more shall not fall over when tilted to an angle of 10° from its normal upright position. Doors, drawers, etc., are closed during this test. A PECS provided with multi-positional features shall be tested in the least favourable position possible by the construction.

A floor-standing PECS having a mass of 25 kg or more shall not fall over when a force equal to

20 % of the weight of the PECS, but not more than 250 N, is applied in any direction except upwards, at a height not exceeding 2 m from the floor. Doors, drawers, etc., which may be moved during installation, normal operation conditions, maintenance and service, are placed in their most unfavourable position, consistent with the documentation.

A floor-standing PECS shall not fall over when a constant downward force of 800 N is applied at the point of maximum moment to any horizontal surface of at least 12,5 cm by at least 20 cm, at a height up to 1 m from the floor. Doors, drawers, etc., are closed during this test. The 800 N force is applied by means of a suitable test tool having a flat surface of approximately 12,5 cm by 20 cm. The downward force is applied with the complete flat surface of the test tool in contact with the PECS under test; the test tool need not be in full contact with uneven surfaces (for example, corrugated or curved surfaces).

5.2.2.6       Wall or ceiling mounted PECS test (type test)
When required in 4.12.1, the PECS shall demonstrate adequate mechanical strength for the intended use, either by test in 5.2.2.6 or calculation or simulation.

The PECS is mounted in accordance with the documentation.

An external force in  addition to  the  mass  of  the  PECS is  applied downwards through the geometric centre of the PECS (on top or bottom), for 1 min.
The additional force shall be equal to three times the mass of the PECS but not less than 50 N. The PECS and its associated mounting means shall remain secure during the test.

5.2.2.7        Handles and manual controls securement test (type test)
When required in 4.12.2, handles and manual controls shall be tested by manual test and by trying to remove the handle, knob, grip or lever by applying for 1 min an axial force as shown in Table 24.

Table 24 – Pull values for handles and manual control securement
	
	Axial pull unlikely
N
	Axial pull likely
N

	Intended for operation by
	Fingers
	1 hand
	2 hands
	Fingers
	1 hand
	2 hands

	Operating means of
componentsa
	15
	100
	200
	30
	150
	300

	Other
	20
	150
	300
	50
	200
	450

	a
Handles, knobs, grips levers and the like intended to operate components, such as valve controls, electrical switch handles etc.


Under the tests from Table 24, the handles, knobs, grips levers and the like shall remain fixed to the PECS as intended.
5.2.2.8       Strain relief test (type test)
5.2.2.8.1         Performing the test
Each strain relief in 4.12.6 and cord anchorage in 4.11.9.2.1.2 of a PECS shall be tested with each combination of cord and bushing:

a)  the cord is pushed one time into the PECS as far as possible;
b)  the cord is subjected 25 times to a steady pull test with the value shown in Table 25, applied for 1 s each time in the least favourable direction; and

c)  the cord is subjected for 1 min to a rotational torque test with the value shown in Table 25 as close as possible to the external end of the cord strain relief or bushing.

Table 25 – Values for physical tests on strain relief of enclosure
	Mass of PECS
kg
	Force for steady pull test
N
	Torque for torque test
Nm

	≤ 1
	30
	0,10

	> 1 to ≤ 4
	60
	0,25

	> 4
	100
	0,35


5.2.2.8.2        Acceptance criteria
All of the following criteria shall be met:

1)   the cord shall not have been damaged;
2)  the cord shall not have been displaced longitudinally by more than 2 mm;

3)  there shall be no signs of strain at the point where the strain relief clamps the cord;
4)  clearance and creepage distances shall not have been reduced below the applicable values;

and

5)  the cord shall pass the AC or DC voltage test of 5.2.3.4 as follows:

a)  for PECS with a PE conductor:
i)
the test is made between the PE conductor and the phase and neutral conductors joined together, with the test voltage for basic protection; and
ii)   the continuity between conductive accessible parts and the PE conductor shall be tested according to 5.2.3.11.4;

b)  for PECS without a PE conductor, the test is made between conductive accessible parts of the PECS and the phase and neutral conductors joined together, with the test voltage for enhanced protection.

5.2.3      Electrical tests
5.2.3.1       General
The electrical tests described in 5.2.3.2 to 5.2.3.5 are applicable to basic insulation, supplementary insulation, double insulation and reinforced insulation when required by 4.4.7.4 (clearance) and 4.4.7.8 (solid insulation).

Before performing these tests as type test or sample test, preconditioning according to 5.2.6.3.1 and 5.2.6.3.2 is required. When these tests are performed as part of acceptance criteria, then no preconditioning for tests are required.
When performing electrical and preconditioning tests, the preferred procedure is to test the complete PECS; however, it is acceptable to test the components or sub-assemblies providing the basic insulation and reinforced insulation. When components or sub-assemblies are tested, test conditions shall simulate the least favourable conditions occurring inside the PECS at the place of installation.

5.2.3.2       Impulse withstand voltage test (type test, sample test)
The impulse withstand voltage test is performed with a voltage having a 1,2/50 µs waveform (see IEC 61180:2016, 7.1 and 7.2) and is intended to simulate overvoltages of atmospheric origin. It also covers overvoltages due to switching of PECS. See Table 26 for conditions of the impulse withstand voltage test.
Tests on clearances smaller than required by 4.4.7.4 and 5.2.2.1 and test on solid insulation
required by 4.4.7.8 are performed as type tests using appropriate voltages from Table 27.

Tests on components and devices for enhanced protection are performed as a type test and a sample test before they are assembled into the PECS, using the impulse withstand voltages listed in column 3 or column 5 of Table 27.

To ensure that surge protective devices (see 4.4.7.2.3, 4.4.7.2.4, 4.4.7.3) are able to reduce the overvoltage, the values of column 2 or column 4 in Table 27 are applied to the PECS as a type test. The measured peak voltage shall not exceed the next lower voltage value of the same column of that table.
If it is necessary to test a clearance that has been designed according to 4.4.7.4.3 for altitudes between 2 000 m and 20 000 m using IEC 60664-1:2020, Table A.2, which is reproduced as Table E.1 or test a clearance designed according to 4.4.7.4.3 for frequencies above 30 kHz, the appropriate test voltage may be determined from the clearance, using Table E.2 in reverse.
See 5.2.3.3 as an alternative for the impulse withstand voltage test.

Table 26 – Impulse withstand voltage test procedure
	Subject
	Test conditions

	Test reference
	IEC 61180:2016, 7.1 and 7.2; IEC 60664-1:2020, 6.2.2.1

	Requirement reference
	According to 4.4.3.2, 4.4.5.5, 4.4.7, 5.2.2.1

	Testing of
	Clearances, solid insulation, components and sub- assemblies
	Transient overvoltage reduction

	Preconditioning
	For type test and sample test, solid insulation and

components bridging basic insulation, supplementary insulation, double insulation or reinforced insulation shall be preconditioned once according to 5.2.3.1.

No preconditioning is required for testing clearance.
	None

	
	Live parts belonging to the same circuit shall be connected together.
	

	Impulse voltage shall be applied between:
	1) circuit under test and the surroundings; and
2) circuits to be tested.
	the parts for which

reduction of impulse voltage due to circuit

characteristics or due to

SPD shall be verified

	Initial measurement
	None.

	Test equipment
	An impulse generator with an output impedance not higher than 2 Ω shall be used, where the output impedance is specified by dividing the open circuit peak output
voltage by the peak current measured into short-circuits irrespective of current waveform.

	Alternative test equipment
	An impulse generator with an output impedance of not more than 500 Ω is permitted to be used, if the impulse voltage is verified to show full crest value at the object under test.
	None

	Alternative test
	5.2.3.3
	None

	Power
	Not applied to the circuits under test.
	May be necessary.

	Type of insulation
	Basic insulation/
supplementary insulation
	Double insulation/
reinforced insulation
	--

	Measurement and verification
	Clearances smaller than required by Table 8 and in case of homogeneous field conditions
	Solid reinforced insulation
	Impulse voltage rating reduced by surge
protective device or by circuit characteristics

	
	Solid, basic insulation or

supplementary insulation
	Components and devices for enhanced protection
	--

	
	Components and sub-

assemblies bridging basic insulation or

supplementary insulation
	--
	--

	Quantity of pulses
	Three pulses of each polarity with an interval of ≥ 1 s, set to a minimum open circuit peak voltage according to:

	Appropriate test voltage
	Column 2 or column 4 of
Table 27.
	Column 3 or column 5 of
Table 27.
	Column 2 or column 4 of
Table 27.

	Altitude correction
	When the test is carried out on a clearance at an altitude less than 2 000 m, the
test voltage shall be increased according to IEC 60664-1:2020, Table F.6, which is reproduced as Table E.2 in this document.

	
	The altitude correction factor does not apply to impulse withstand voltage testing on solid insulation according to IEC 60664-1:2020, 6.4.4.1.


The impulse withstand voltage test is successfully passed if no puncture of insulation, flashover, or sparkover occurs. In the case of components and devices which use solid insulation for enhanced protection, a subsequent partial discharge test (see 5.2.3.5) shall also be passed when required by 4.4.7.10.3.

Table 27 – Impulse withstand voltage test
	Column 1
	2
	3
	4
	5

	System voltage
(see 4.4.7.1.7)
	Impulse withstand voltage for insulation between circuits connected to non- mains supply and their surroundings according to overvoltage category II
	Impulse withstand voltage for insulation
between circuits connected to mains
supply and their surroundings according to overvoltage category III

	
	Basic or
supplementary
	Double or
reinforced
	Basic or
supplementary
	Double or
reinforced

	V AC
	V DC
	V
	V
	V
	V

	≤ 50
	≤ 75
	500
	800
	800
	1 500

	100
	150
	800
	1 500
	1 500
	2 500

	150
	225
	1 500
	2 500
	2 500
	4 000

	300
	450
	2 500
	4 000
	4 000
	6 000

	600
	900
	4 000
	6 000
	6 000
	8 000

	1 000
	1 250
	6 000
	8 000
	8 000
	12 000

	--
	1 500
	8 000
	10 000
	10 000
	15 000

	-
	-
	Interpolation is permitted
	Interpolation is not permitted

	NOTE 1   Test voltages for overvoltage categories I and III (col. 2 and 3) can be derived in a similar way from
Table 7.

NOTE 2   Test voltages for overvoltage categories II and IV (col. 4 and 5) can be derived in a similar way from
Table 7.


5.2.3.3       Alternative to impulse withstand voltage test (type test, sample test)
For verification of clearance and solid insulation, an AC or DC voltage test according to 5.2.3.4 with following modifications may be used as an alternative method to the impulse withstand voltage test of 5.2.3.2.

For an AC voltage test, the peak value of the AC test voltage shall be equal to the impulse test voltage of Table 27 and applied for three cycles of the AC test voltage.
For a DC voltage test, the average value of the DC test voltage shall be equal to the impulse test voltage of Table 27 and applied three times for 10 ms in each polarity.

For PECS, the voltage can be applied using a ramp of up to 1 s in duration. See IEC 60664-1:2020, 6.2.2.1.3, for further information.

5.2.3.4       AC or DC voltage test (type test, routine test)
5.2.3.4.1        Purpose of test
The type test is used to verify that the clearances and solid insulation of components and assembled PECS have adequate dielectric strength to resist temporary overvoltage conditions and to verify the insulation coordination between adjacent circuits.
Routine tests are performed to verify that clearances have not been reduced during the manufacturing operations.

5.2.3.4.2        Value and type of test voltage
The values of the test voltage for circuits connected to mains supply are determined from column 2 or 3 of Table 28.

The test voltage from column 2 is used for testing circuits with basic insulation.

Between circuits with enhanced protection (double insulation or reinforced insulation), the test voltage of column 3 shall be applied for type tests.

For routine tests between circuits with enhanced protection, the values from column 2 shall be applied to prevent damage to the solid insulation by partial discharge.

The values of column 3 shall apply to PECS with enhanced protection according to 4.4.5.1. For circuits connected to non-mains supply, the test voltage shall be as follows:


for type testing circuits with basic protection, and for  all routine testing: the temporary overvoltage (AC RMS or DC) as determined in 4.4.7.2.4; and

for  type testing circuits with enhanced protection, and  between circuits and accessible surfaces  (non-conductive or  conductive  but  not  connected  to  protective  earth,  class II equipment according to 4.4.6.3): 1,6 times the temporary overvoltage (AC RMS or DC) as determined in 4.4.7.2.4.

The  test  is  performed between  circuits  and  accessible surfaces  of  PECS  which  are  non- conductive or which are conductive but not connected to the PE conductor.

The voltage test shall be performed with a sinusoidal voltage at 50 Hz or 60 Hz. If the circuit contains capacitors, the test may be performed with a DC voltage of a value equal to the peak value of the specified AC voltage.

For a circuit that is galvanically connected to both mains supply and non-mains supply, the test voltages are determined by considering the worst case result of using the mains supply system voltage determined from column 2 or 3 of Table 28, and the result of using the non-mains supply recurring peak working voltage determined from Table 29.

Table 28 – AC or DC test voltage for circuits connected directly to mains supply
	Column 1
	2
	3 b

	System voltage
(see 4.4.7.1.7)
	Voltage for type testing circuits with
basic protection, and for all routine testing
	Voltage for type testing circuits with
enhanced protection, and between
circuits and accessible surfaces (non- conductive or conductive but not
connected to protective earth, class II
equipment according to 4.4.6.3)

	V
	AC RMS a
V
	DC
V
	AC RMS
V
	DC
V

	≤ 50
	1 250
	1 770
	2 500
	3 540

	100
	1 300
	1 840
	2 600
	3 680

	150
	1 350
	1 910
	2 700
	3 820

	300
	1 500
	2 120
	3 000
	4 240

	600
	1 800
	2 550
	3 600
	5 090

	1 000
	2 200
	3 110
	4 400
	6 220

	Interpolation is permitted.
a      Corresponding to 1 200 V  system voltage.

b
A voltage source with a short-circuit current of at least 0,1 A according to IEC 61180:2016, Clause 6, is used for this test.


For non-mains supply circuits, where temporary overvoltages are not present, the test voltages are determined from Table 29, based on the working voltage.

Table 29 – AC or DC test voltage for circuits connected to
non-mains supply without temporary overvoltages
	Column 1
	2 a
	3 a

	Working voltage (recurring peak) (see 4.4.7.1.7.2)
	Voltage for type testing circuits with
basic protection, and for all routine testing
	Voltage for type testing circuits with
enhanced protection, and between
circuits and accessible surfaces (non- conductive or conductive but not
connected to protective earth, class II
equipment according to 4.4.6.3)

	V
	AC RMS
V
	DC
V
	AC RMS
V
	DC
V

	≤ 71
	80
	110
	160
	220

	141
	160
	225
	320
	450

	212
	240
	340
	480
	680

	330
	380
	530
	760
	1 100

	440
	500
	700
	1 000
	1 400

	600
	680
	960
	1 400
	1 900

	1 000
	1 100
	1 600
	2 200
	3 200

	1 600
	1 800
	2 600
	2 900
	4 200

	2 300
	2 600
	3 700
	4 200
	5 900

	3 000
	3 400
	4 800
	5 400
	7 700

	4 600
	5 200
	7 400
	8 300
	11 800

	7 600
	8 500
	12 000
	14 000
	19 000

	16 000
	18 000
	26 000
	29 000
	42 000


	Column 1
	2 a
	3 a

	Working voltage (recurring peak) (see 4.4.7.1.7.2)
	Voltage for type testing circuits with
basic protection, and for all routine testing
	Voltage for type testing circuits with
enhanced protection, and between
circuits and accessible surfaces (non- conductive or conductive but not
connected to protective earth, class II
equipment according to 4.4.6.3)

	V
	AC RMS
V
	DC
V
	AC RMS
V
	DC
V

	23 000
	26 000
	37 000
	42 000
	59 000

	30 000
	34 000
	48 000
	54 000
	77 000

	38 000
	43 000
	61 000
	69 000
	98 000

	50 000
	57 000
	80 000
	91 000
	130 000

	60 000
	70 000
	99 000
	109 000
	154 000

	Interpolation is permitted.
NOTE   Test voltages in this table are based upon 80 % of the withstand voltage for the corresponding clearance
of Table 9 as provided by IEC 60664-1:2020, Table A.1.
a
A voltage source with a short-circuit current of at least 0,1 A according to of IEC 61180:2016, 5.2, is used for this test.


5.2.3.4.3        Additional test considerations
Protective devices designed to reduce impulse voltages on the circuits under test (see 4.4.7.2.3 and  4.4.7.2.4), and  circuits belonging to  monitoring or  protection circuits, not  designed to sustain the test overvoltage for the duration of the test, shall be disconnected in order to avoid damage and to ensure that the test voltage can be applied without a false indication of failure.
Wherever practicable, individual components forming part  of  the  insulation  under  test,  for example interference suppression capacitors, should not be disconnected or bridged before the test. In this case, it is recommended to use the DC test voltage according to 5.2.3.4.2.

Where testing is not possible in the assembled PECS due to a low impedance of SPD not designed to sustain the test voltage for the duration of the test, the connection to the SPD shall be opened before testing. In this case, the connection shall be carefully restored after the voltage test.

Protective impedances according to 4.4.5.5 shall either be included in the testing or the connection to the protectively separated part of the circuit shall be opened before testing. In this case, the connection shall be carefully restored after the voltage test.

5.2.3.4.4        Performing the voltage test
The test shall be applied as follows, according to Figure 16.

a)  Test  (1)  between  conductive  accessible  part  (connected  to  earth)  and  each  circuit sequentially (except  DVC As  circuits). Test  voltage  according  to  Table 28  or  Table 29, column 2, corresponding to voltage of considered circuit under test.

Test (2) between accessible surface (non conductive or conductive but not connected to earth) and each circuit sequentially (except DVC As circuits). Test voltage according to Table 28 or Table 29, column 3 (for type test) or column 2 (for routine test), corresponding to voltage of considered circuit under test.

b)  Test between each considered circuit sequentially and the other adjacent circuits connected together.  Test  voltage  according  to  Table 28  or  Table 29,  column  2,  corresponding  to voltage of considered circuit under test.

c)  Test between DVC As circuit and each adjacent circuit sequentially. Test voltage according to Table 28 or Table 29, column 3 (for type test) or column 2 (for routine test), corresponding to the circuit with the higher voltage. Either the adjacent circuit or the DVC As circuit may be earthed for this test. It is necessary to test basic insulation between DVC As circuits, but it is not necessary to test functional insulation between adjacent DVC As circuits.

Because DVC As circuits and circuits of DVC C are typically separated from chassis (earth) by basic insulation, it is typically impossible to test double or reinforced insulation separating low-voltage circuits from high-voltage circuits in a fully-assembled PECS without overstressing the basic insulation. Because of this, it may be necessary to disassemble the PECS, or it may not be possible to perform type tests of protective insulation at voltages according to column 3 of Table 28 to Table 29. In these cases, the type test of insulation used for enhanced protection shall be performed at voltages according to column 2 of the appropriate table.
NOTE   Test of double insulation or reinforced insulation is done on the component separately.
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Figure 16 – Voltage test procedures
The tests shall be performed with the doors of the enclosure closed and all enclosure covers in place.

When the circuit is electrically connected to conductive accessible parts, the voltage test is not relevant, and may be omitted.
To create a continuous circuit for the voltage test on the PECS, terminals, open contacts on switches and semiconductor devices, etc. shall be bridged where necessary. Before testing, semiconductor devices and other vulnerable components within a circuit may be disconnected and/or their terminals bridged to avoid damage occurring to them during the test.

Where the PECS is covered totally or partly by a non-conductive accessible surface, a conductive foil to which the test voltage is applied shall be wrapped around this surface for testing. In this case, the insulation test between a circuit and non-conductive accessible surface may be performed as a sample test instead of a routine test.

If the PECS does not have an opening allowing access to the electrical connections, then the

routine test may be conducted with the door open or a cover removed.
The applied test voltage shall be measured and monitored throughout the test.

Protective screens according to 4.4.4.7 shall remain connected to conductive accessible parts during the voltage test.

Routine testing of the assembled PECS is not required if:

      routine test of all sub-assemblies related to the insulation system of the PECS is performed;

      it can be demonstrated that final assembly will not compromise the insulation system; and
      type test of the fully-assembled PECS was performed successfully.
5.2.3.4.5        Duration of the AC or DC voltage test
The test voltage may be applied with increasing and/or decreasing ramp voltage but the full voltage shall be maintained for minimum 60 s and 1 s respectively for type and routine tests.

5.2.3.4.6        Verification of the AC or DC voltage test
The test is successfully passed if no electric breakdown occurs during the test.

5.2.3.5       Partial discharge test (type test, sample test)
The partial discharge test shall confirm that the solid insulation (see 4.4.7.8.2) used in components and sub-assemblies for enhanced protection of electrical circuits remains partial- discharge-free within the specified voltage range (see Table 30).

This test shall be performed as a type test and a sample test. It may be omitted for insulating materials which are not degraded by partial discharge, for example ceramics.

The partial discharge inception and extinction voltage are influenced by climatic factors (e.g. temperature and moisture), equipment self heating, and manufacturing tolerance. These influencing variables can be significant under certain conditions and shall therefore be taken into account during type testing.

Table 30 – Partial discharge test
	Subject
	Test conditions

	Test reference
	IEC 60664-1:2020, 6.4.6

	Requirement reference
	4.4.7.8.1

	Preconditioning
	Precondition according to 5.2.3.1.

Live parts belonging to the same circuit shall be connected together.

It is recommended that the partial discharge test is performed after the impulse withstand voltage test (see 5.2.3.1) in order that any damage caused by the
impulse withstand voltage test is apparent.

It is advisable that the partial discharge test is performed before inserting the components or devices into the PECS because partial discharge testing is not normally possible when the equipment is assembled.

	Initial measurement
	According to specification of component or device.

	Test equipment
	Calibrated charge measuring device or radio interference meter without weighting filters.

	Test circuit
	IEC 60664-1:2020, Clause C.1.

	Test voltage
	The peak value of AC 50 Hz or 60 Hz.

	Test method
	IEC 60664-1:2020, 6.4.6.1: F1 = 1,2; F2, F3 = 1,25. Test procedure of
IEC 60664‑1:2020, 6.4.6.3.

	Calibration of test equipment
	IEC 60664-1:2020, Clause C.4.

	Measurement
	Starting from a voltage below the rated partial discharge test voltage UPD a, the voltage shall be linearly increased to 1,875 times UPD and held for a maximum time of 5 s (see Figure 17).

The voltage shall then be linearly decreased to 1,5 times UPD (±5 %) and held for a maximum time of 15 s, during which the partial discharge is measured.

	Verification
	The test shall be considered to have been successfully passed if the partial discharge is less than 10 pC during the measurement period.

	NOTE   Partial discharge testing of solid insulation with a DC working voltage according to A.5.4 can be omitted.

a      The  rated  partial discharge test  voltage  UPD  is  the  working  voltage  (recurring  peak)  measured  across  the
insulation.
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Figure 17 – Partial discharge test procedure
NOTE   Values less than 10 pC are required for an insulation system that through its construction could be damaged due to air void when exposed to the voltage stress (e.g. cast resin, potting, moulding, triple insulated wire, etc.).

Corona discharges in air do not have a defined acceptance criterion.

5.2.3.6       Protective impedance test (type test, routine test)
A type test shall be performed to verify that the current through a protective impedance under normal operating conditions or single fault conditions does not exceed the values given in

4.4.5.5.

The test shall be performed using the circuit of IEC 60990:2016, Figure 4 (see Figure L.1), or by measuring the current through the protective impedance to protective earth.

NOTE   IEC 60990:2016 states that the use of a single network for the measurement of AC combined with DC has not been investigated, but no suggestion is made for measurement in such cases.

The value of the protective impedance shall be verified as a routine test.

5.2.3.7       Touch current test and leakage current test
5.2.3.7.1        General
For a PECS intended to be connected to a particular supply system earthing (see 4.4.7.1.5), this system shall operate as intended during the test.

If a PECS is intended to be connected to more than one supply system earthing (see 4.4.7.1.5), each of these different system networks (or the worst case, if that can be determined) shall be used to make the touch current and leakage current measurement. The highest value of the measured current will be taken as the definitive result.

a)  For a PECS to be connected to an earthed neutral system, the neutral of the mains supply
or non-mains supply of the test site shall be directly connected to the PE conductor.

b)  For a PECS to be connected to an isolated system or impedance system, the neutral shall be connected through a resistance of 1 kΩ to the PE conductor which shall be connected to each input phase in turn. The highest value will be taken as the definitive result.

c)  For a PECS to be connected to a corner-earthed or high-leg delta system, the PE conductor shall be connected to each input phase in turn. The highest value will be taken as the definitive result.

The PECS shall be set up in an insulated state without any connection to earth and shall be operated at rated voltage.

5.2.3.7.2        Touch current test (type test)
The touch current test shall be performed as a type test to determine if the means in 4.4.4.3.3 are applicable. The touch current shall be measured between the means of connection for the PE conductor and the PE conductor itself with the test circuit of IEC 60990:2016, Figure 4 (see Figure L.1).

For PECS which may be energized from multiple sources of supply, the touch current limits in
4.4.4.3.3 apply in all possible intended installation configurations and combinations of sources that  may  be  energized  at  the  same  time,  unless  one  of  the  means  in  4.4.4.3.3.3 a)  or
4.4.4.3.3.3 b) is used.
5.2.3.7.3        Leakage current test (type test)
The leakage current test shall be performed as a type test with the PECS in normal operating conditions to determine if the means in 4.4.4.3.3 are applicable.
The PECS shall be set up in an insulated state with an current measuring device of negligible impedance (less than 0,5 Ω) inserted between the means of connection for the PE conductor and the PE conductor itself.

5.2.3.8       Capacitor discharge test (type test)
The capacitor discharge time as required by 4.4.9 and 4.5.1.2 shall be verified by a type test
and/or by calculation taking into account the relevant tolerances.

The test is passed if the compliance criteria of 4.4.9 and 4.5.1.2 are met.
5.2.3.9       Limited power source test (type test)
When required by  4.6.5,  a  limited  power circuit  shall  be  tested  as  below, with  the  PECS
operating under normal operating conditions.

In case the limited power source requirement depends on overcurrent protective device(s), the device(s) shall be short-circuited.

Single fault conditions are applied in a regulating network according to Clause 4.2 while operating under the following conditions.

The open-circuit output voltage shall not exceed the relevant value of Table 16 or Table 17, as applicable.

With the PECS operating under normal operating conditions, a variable resistive load is connected to the parts under consideration. The resistive load is adjusted to obtain the limit of apparent power or current as indicated in Table 16 or Table 17. Further adjustment is made, if necessary, to maintain the limit of apparent power or current for the time period indicated in Table 16 or Table 17.

The test is passed if, after the test period, the available apparent power or current does not exceed the limits indicated in Table 16 or Table 17.

In case the limited power source requirement depends on overcurrent protective device(s), the current rating of at least one of the protective device(s) in the current path shall not exceed the limit in Table 17.

5.2.3.10     Temperature rise test (type test)
The test is intended to ensure that parts and accessible surfaces of the PECS do not exceed the temperature limits specified in 4.6.4 and the component manufacturer’s temperature limits of safety-relevant parts.

The PECS shall be tested at worst case conditions of rated power and PECS output current, taking derating and cooling control characteristic into account.

For PECS where the amount of heating or cooling is designed to be dependent on temperature (for example, the PECS contains a fan that has a higher speed at a higher temperature), the temperature measurement shall be performed at the worst case ambient temperature condition within the manufacturer's specified operating range.
If this is not possible, it is permitted to simulate the temperature rise, if the validity of the simulation can be demonstrated by tests at lower power levels.

The PECS shall be tested with at least 1,2 m of wire attached to each field wiring terminal. The wire shall be of the smallest size intended to be connected to the PECS as specified by the manufacturer for installation. When there is only means for the connection of bus-bars to the PECS, they shall be of the minimum size intended to be connected to the PECS as specified by the manufacturer, and they shall be at least 1,2 m in length.

The test shall be maintained until thermal stabilization has been reached. That is, when three successive readings, taken at intervals of 10 % of the previously elapsed duration of the test and not less than 10 min intervals, indicate no change in temperature, defined as ±1 °C between any of the three successive readings, with respect to the ambient temperature.

The temperature of an electrical insulation (other than that of windings) is measured on the surface of the insulation at a point close to the heat source, if a failure of this insulation could cause a hazard. If temperatures of windings are measured by the thermocouple method, the thermocouple shall be located on the surface of the winding assuming the hottest part due to surrounding heat emitting components. See also footnotes in Table 14.

The maximum temperature attained shall be corrected to the rated ambient temperature of the PECS  by  adding the  difference between the  ambient temperature during the  test  and  the maximum rated ambient temperature.
For compliance,

      no corrected temperature shall exceed the rated temperature of the material or component
measured; and
      thermal cutout, overload detection functions and devices shall not operate during the test.

5.2.3.11     Protective equipotential bonding tests (type tests, routine test)
5.2.3.11.1      General
Each conductive accessible part under consideration shall be tested separately, to determine if the protective equipotential bonding path for that part is adequate to withstand the test current that the bonding path may be subjected to under single fault conditions.

The conductive accessible part under consideration shall be selected from amongst those circuits adjacent to the accessible part under consideration and not separated by enhanced protection.

All of these selected circuits shall be analyzed regarding prospective short-circuit current and the associated protective element(s).


If  the  circuit  under  consideration  exceeds  the  5 s  disconnection  time  requirement  of IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017, the protective equipotential bonding impedance test of 5.2.3.11.2 and the protective equipotential bonding short-circuit test of 5.2.3.11.3 shall be performed.

NOTE 1   Examples for circuits with disconnection times of more than 5 s: non-mains supply circuits where the short-circuit current is limited by internal impedances or current limiters or by the load characteristics like solar panels.


If  the  circuit  under  consideration  meets  the  5 s  disconnection  time  requirement  of IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017, the protective equipotential bonding short-circuit test of 5.2.3.11.3 shall be performed.

NOTE 2   Examples for circuits with disconnection times not exceeding 5 s: mains supply circuits where the
prospective short-circuit current is limited by the impedance of the mains supply.

      If the circuit under consideration meets the disconnection time requirement of IEC 60364-4-

41:2005 and IEC 60364-4-41:2005/AMD1:2017, Table 41.1, as applicable, depending on

the earthing system of the installation, no type test is required.


For  PECS  designed  as  pluggable  equipment  type A  only,  the  protective  equipotential bonding impedance test of 5.2.3.11.2 shall be performed.
NOTE 3   See Annex Q for more information about IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017, Table 41.1.
The testing shall include an individual test of the protective equipotential bonding path for each conductive accessible part  unless  analysis shows  that  the  results  of  one  combination are representative of other combinations.

5.2.3.11.2      Protective equipotential bonding impedance test (type test)
5.2.3.11.2.1      Test conditions
Where required by 4.4.4.2.2 and 5.2.3.11.1, the impedance of protective equipotential bonding means shall be checked by passing a test current through the bond for a period of time. The test current is based on the rating of the overcurrent protective device for the PECS or part of the PECS under consideration, as follows:


for PECS designed as pluggable equipment type A, the overcurrent protective device is that provided external to the PECS (for example, in the building wiring, in the mains supply plug or in an equipment rack);


for PECS designed as pluggable equipment type B and permanently connected equipment, the maximum rating of the overcurrent protective device external to the PECS as specified in the documentation; or

the rating of the overcurrent device for a circuit or part of the PECS for which an overcurrent protective device is provided as part of the PECS.

Voltages are measured from the protective earthing terminal to all the parts whose protective equipotential bonding means are being considered. The impedance of the PE conductor is not included in the measurement. However, if the PE conductor is supplied with the PECS, it is permitted to include the conductor in the test circuit, but the measurement of the voltage drop is made only from the main protective earthing terminal to the accessible part required to be earthed.
On PECS where the protective earth connection to a sub-assembly or to a separate PECS is part of a cable that also supplies power to that sub-assembly or PECS, the resistance of the protective equipotential bonding conductor in that cable is not included in the protective equipotential bonding impedance measurements for the sub-assembly or separate PECS as in Figure 18. However, this option is only permitted if the cable is protected by a suitably rated protective device that takes into account the size of the conductor. Otherwise, the impedance of the protective equipotential bonding conductor between the separate PECS shall be included, by measuring to the protective earthing terminal where the power source enters the first PECS in the system, as in Figure 19.
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Key
1    protective equipotential bonding
2    PE conductor for the separate PECS
3    PE conductor for the PECS
4    energy supply from the mains supply
5    energy supply from the PECS to the separate PECS
6    terminal point of the external PE conductor
7    terminal point of the PE conductor for the separate PECS
Figure 18 – Protective equipotential bonding impedance test for separate PECS
with power fed from the PECS with protection for the power cable
[image: image17.png]PECS Sub-assembly

Accessible _
part

Voltage
meter

Accessible
part

Sub-assembly

Voltage
meter

IEC




Key
1    protective equipotential bonding

2    protective equipotential bonding for the sub-assembly

3    PE conductor for the PECS

4    energy supply from the mains supply
5    energy supply from the PECS to the sub-assembly

6    terminal point of the external PE conductor
7    connection point of the bonding to the sub-assembly (may be more than 1)

Figure 19 – Protective equipotential bonding impedance test for sub-assembly with accessible parts and with power fed from the PECS
The test current is derived from an AC or DC supply source, the output of which is not earthed. For protection of the person performing the test, the source shall have a maximum no-load
voltage below the limits for DVC As.

5.2.3.11.2.2      Test current, duration and acceptance criteria
The test current, duration of the test and acceptance criteria are as follows and as indicated in

Table 31.

Table 31 – Test duration for protective equipotential bonding test
	Overcurrent protective device rating
A
	Duration of the test
min

	Up to 32
	2

	33 to 63
	4

	64 to 100
	6

	101 to 200
	8

	201 to 460
	10


a)  For PECS with an overcurrent protective device rating of 16 A or less, this test may be omitted, if an impedance not exceeding 0,1 Ω can be demonstrated.

b)  As  an  alternative to  Table 31,  where  the  time-current characteristic of  the  overcurrent protective device that limits the fault current in the protective equipotential bonding means is known because the device is either provided in the PECS or fully specified in the documentation, the test duration may be based on that specific device’s time-current characteristic. The tests are conducted for a duration corresponding to the 200 % current value on the time-current characteristic.

c)  For PECS with an overcurrent protective device rating of more than 460 A, calculations or simulations according to IEC 60949:1988 and IEC 60949:1988/AMD1:2008 shall be used to show  the  ability  of  the  prospective short-circuit current  to  fulfill  the  requirements. The protective equipotential bonding continuity routine test of 5.2.3.11.4 shall be performed to show that the impedance of the protective equipotential bonding means during and at the end of the test shall not exceed the expected value.

Acceptance criteria are as follows.

The test current is 200 % of the overcurrent protective device rating and the duration of the test is as shown in Table 31. The voltage drop in the protective equipotential bonding means, during and at the end of the test, shall not exceed the limits from Figure 7 with respect to the accessible surface of the enclosure.

After the tests, visual inspection in 5.2.1 shall show no damage to the protective equipotential bonding means.

5.2.3.11.3      Protective equipotential bonding short-circuit withstand test (type test)
As required by 5.2.3.11.1, the short-circuit test in 5.2.4.3 shall be performed to ensure that protective equipotential bonding has the ability to withstand the prospective short-circuit current that it may be subjected to under single fault conditions.

The testing shall include an individual test of the protective equipotential bonding path for each conductive accessible part unless analysis shows that the short-circuit withstand capability of the path is adequate, or that the results of one combination are representative of the anticipated results of another combination.

5.2.3.11.4      Protective equipotential bonding continuity test (type test, routine test)
The protective equipotential bonding continuity routine test shall be conducted when

the continuity of the protective equipotential bonding is achieved by a single means only (for example a single conductor or a single fastener),

      the PECS is assembled at the installation location, or
      this is required by 5.2.3.11.2.2 c).
The test current may be any convenient value sufficient to allow measurement or calculation of the resistance of the protective equipotential bonding means.

NOTE   Larger currents used for the continuity test increases the accuracy of the test result, especially with low impedance values, i.e. larger cross sectional areas and/or lower conductor length. In general, 25 A is considered sufficient for most products.

The expected value of the resistance is the result of calculation or simulation according to

5.2.3.11.2.2 considering the length, the cross sectional area and the material of the related protective bonding conductor(s).

For acceptance criteria, the resistance measured shall be within 90 % up to 110 % of the expected value.

5.2.3.12     Input test (type test)
The input test shall be performed to determine the maximum input current and input power either by test or calculation or simulation with respect to the worst case conditions such as, but not limited to,

      input voltage ratings range,
      power source characteristics range,
      maximum rated output power,
      maximum output current,
      derating characteristics,
      operation mode, and
      cooling control characteristics.
The test shall be conducted for each power input port.

These worst case values of the maximum input current or maximum input power from all power input ports are used for the temperature rise test in 5.2.3.10 and specified according to 6.2.1.3.

Product standards (see Annex S) may specify more precise test conditions as applicable.
5.2.3.13     Thin sheet material test (type test)
5.2.3.13.1      General
5.2.3.13 provides requirements for tests of thin sheet materials according to 4.4.7.8.3.

5.2.3.13.2      Standard test procedure for non-separable thin sheet material (type test)
One  layer  of  the  material  is  placed  in  the  electric  strength  test  instrument,  as  shown  in Figure 20, and the test voltages according to the requirements of Table 11 apply. In order to avoid an electrical breakdown around the edges of the layer of insulating material, the specimen under test shall be sufficiently large to keep its edges away from the vertical test rods.

This test can be waived for non-separable materal consisting of three or more layers used for
reinforced insulation, in which case the mandrel test in 5.2.3.13.3 applies.
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Figure 20 – Electric strength test instrument
5.2.3.13.3      Mandrel test (type test)
The purpose of the mandrel tests is to ensure that the material has adequate mechanical strength to resist damage when hidden in inner layers of insulation.

The test requirements for reinforced insulation made of non-separable materal consisting of three or more layers are specified below.

NOTE   This test is based on IEC 61558-1:2017 and will give the same results.

Three test samples are used. The test is repeated on each sample.

Each sample is fixed to the mandrel of the test fixture given in Figure 21. The fixing shall be performed as shown in Figure 22.

Figure 21 – Mandrel

Dimensions in millimetres
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Dimensions in millimetres
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The final position of the mandrel is rotated 230°  5° from the initial position.
Figure 22 – Initial position of mandrel               Figure 23 – Final position of mandrel
A pull force is applied to the free end of the sample, using an appropriate clamping device. The mandrel is rotated
      from the initial position (Figure 22) to the final position (Figure 23) and back, and

      a second time from the initial position to the final position.
If a sample breaks during rotation where it is fixed to the mandrel or to the clamping device, this does not constitute a failure. If a sample breaks at any other place, the test has failed.

After the above test, a sheet of metal foil, 0,035 mm ± 0,005 mm thick, at least 200 mm long, is placed along the surface of  the sample, hanging down on  each side  of  the  mandrel (see Figure 23). The surface of the foil in contact with the sample shall be conductive, not oxidized or otherwise insulated. The foil is positioned so that its edges are not less than 20 mm from the edges of the sample (see Figure 24). The foil is then tightened by two equal weights, one at each end, using appropriate clamping devices.

Dimensions in millimetres
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Figure 24 – Position of metal foil on insulating material
While the mandrel is in its final position, and within the 60 s following the final positioning, electric strength tests are applied between the mandrel and the metal foil in accordance with

4.4.7.10.

For reinforced insulation, the test voltage Utest is
      100 % of the test voltage specified for the impulse withstand voltage test in 4.4.7.10, and
      150 % of the test voltage specified for the AC or DC voltage test in 4.4.7.10.

Where the peak voltage of 150 % of Utest is less than 7,1 kV, the impulse withstand voltage test and the AC or DC voltage test shall be replaced by an AC voltage test of 5 kV RMS.
5.2.3.14     Determination of working voltage (type test)
When required in 4.4.7.1.2, the working voltage shall be determined

      within circuits,
      against adjacent circuits, and
      against PE.
See A.5.1, A.5.3, A.5.4 and A.5.5 for guidance on evaluating voltage waveforms.

5.2.3.15     Internal SPD monitoring test (type tests)
A PECS having an internal SPD with a monitoring circuit as described in 4.4.7.2.2 shall be subjected to this test. A sample of the PECS shall have each SPD device in turn either shorted or open circuited, whichever is worst case. The PECS shall be connected to its nominal source of supply. The PECS shall be monitored to determine if it detects and indicates the SPD failure.
5.2.3.16     Preconditioning of material (type test)
When required in 4.4.7.8.4.2, 4.4.7.8.4.3 or 4.4.7.9, on the same sample, the following preconditioning according to IEC 60664-3:2016, 5.7, shall be conducted before performing the type tests. The required number of samples is stated in the applicable 4.4.7.8.4.2, 4.4.7.8.4.3 or 4.4.7.9:

1)   the dry heat test in 5.2.6.3.1; followed by

2)  the rapid change of temperature test with −25 °C to +125 °C and 50 cycles according to

IEC 60664-3:2016, 5.7.4 (test Na of IEC 60068-2-14); followed by
3)  the damp heat test in 5.2.6.3.2.

5.2.4      Abnormal operation and simulated faults tests
5.2.4.1       General
Protection against risk of thermal, electric shock and energy hazards in case of abnormal operating condition or single fault condition of a PECS according to 4.2 and 4.3 in combination with its installation shall be evaluated by
a)  tests defined in 5.2.4, or
b)  calculation or simulation based on tests as defined in 5.2.4.4 and 5.2.4.6 on a representative model of PECS, where no damage other than opening of overcurrent protective devices or short-circuit protective device has occurred to the test sample.

NOTE   A representative model means a PECS with similar power elements (for example, power semiconductor devices, fuses, circuit breakers, capacitors, overcurrent detection and output inductances) and circuit topologies as the PECS under consideration.
Before performing all abnormal operation tests, the test sample shall be mounted, connected, and operated as described in the temperature rise test (see 5.2.3.10).

Simulated faults or abnormal operating conditions shall be applied one at a time. Faults that are the direct consequence of a simulated fault or abnormal operating conditions are considered to be part of that simulated fault or abnormal operating condition.

In the case of a PECS supplied without an enclosure, a wire mesh cage which is 1,5 times the individual linear dimensions of the PECS part under study shall be used to simulate the intended enclosure.

The PECS, and the wire mesh cage (if used), shall be earthed according to the requirements of
4.4.4.2.2.

Cheese cloth or surgical cotton shall be placed at all openings, handles, flanges, joints and similar locations on the outside of the enclosure and the wire mesh cage (if used), in a manner which will not significantly affect the cooling.

Where the PECS under test is specified in its documentation to require external means of protection against faults, these specific means shall be provided for the test.

The voltages of accessible circuits of DVC As as well as earthed and unearthed conductive

accessible parts shall be monitored.

The supply shall be capable of delivering the specified prospective short-circuit current (see

4.3.1) at the test station terminal to which the PECS is connected, unless the analysis of 4.2 demonstrates that a lower value may be used.
The complete length of the cable (forth and back) shall be no more than 2 m. This length may be exceeded, in which case the specified prospective short-circuit current shall be calibrated at the terminals of the PECS.

The individual tests shall be performed until terminated by activation of a protective device or mechanism (internal or external), a component failure occurs that interrupts the fault condition, or the temperatures stabilize.
5.2.4.2       Acceptance criteria
As a result of the simulated fault or abnormal operation tests, the PECS shall comply with the following:

a)  there shall be no emission of flame, burning particles or molten metal;

b)  the cheese cloth or surgical cotton indicator shall not have ignited;

c)  the  earth connection and  protective equipotential bonding of  the  PECS  shall  not  have opened;
d)  doors and covers shall remain in place;

e)  accessible circuits of DVC As
1)  shall not exhibit voltages greater than the time dependent voltages of Table 2, Figure 5, Figure 6 and Figure 7 as applicable during the test, or
2)  shall be proven to remain separated from hazardous live parts by performing the AC or

DC voltage test of 5.2.3.4 for basic protection after the test;
f)   during and after the test, hazardous live parts shall not become accessible;

g)  no conductor being a hazardous live part shall get pulled out of its terminal connector;

h)  no parts shall be ejected.

The PECS shall comply with the AC or DC voltage test of 5.2.3.4 for basic protection following the abnormal operation tests of 5.2.4.7, 5.2.4.8 and 5.2.4.9. A single sample may be used for multiple tests; in this case, the AC or DC voltage test may be conducted following each test or after the final test of the sequence.

The PECS is not required to be operational after testing and it is possible that the enclosure can become deformed. Overcurrent protective device integral to the PECS, or required to be used with the PECS, is allowed to open.
5.2.4.3       Protective equipotential bonding test (type test)
5.2.4.3.1        General
When required by 5.2.3.11.1, a protective equipotential bonding path shall be subjected to the following short-circuit withstand test.

5.2.4.3.2        Test conditions
The PECS under test shall be supplied with power and the output port shall be operating as intended in 5.2.4.1 prior to closing the switching means that applies the short-circuit, unless energizing the PECS with the short-circuit already applied will be more severe.
The protective equipotential bonding short-circuit test shall be performed with the PECS working with light load, unless analysis shows that higher short-circuit currents are available under higher loading conditions.

The PECS may be tested un-energized and not operating as intended prior to the protective equipotential bonding test, unless analysis shows that the test result is affected.

A new sample may be used for each short-circuit test.

5.2.4.3.3        Protective equipotential bonding short-circuit test method
The test current is applied by connecting the accessible part under consideration to one of the conductors of the the test source circuit through a switching means that will not limit the short- circuit current. The switch shall be located such that the source is short-circuited through the accessible part and its protective equipotential bonding path back to the protective earthing terminal for the source circuit under consideration. The connections to the shorting switch shall be through cables having the same cross-section as specified for the PE conductor in the installation and the length of the cables shall be limited to 2 m. If the size of the PECS requires a greater length, the length shall be as short as practical to perform the test and the short-circuit current shall be calibrated at the entrance of the product.

5.2.4.3.4        Acceptance criteria
At the conclusion of the test, in addition to acceptance criteria of 5.2.4.2, there shall be no damage to the protective equipotential bonding means under test. Compliance shall be checked by visual inspection in 5.2.1, and if necessary, by the protective equipotential bonding continuity test (routine test) of 5.2.3.11.4.

5.2.4.4       Output short-circuit test (type test)
5.2.4.4.1        Load conditions
When required in 4.3.2.2, the short-circuit test shall be performed with the PECS at full load or light load whichever creates the more severe condition.
5.2.4.4.2        Short-circuit test method
Power output port terminals shall be provided with cable of a cross-section as specified for the installation connected to an appropriate switching means that will not limit the short-circuit current. The complete length of the cable (forth and back) shall be approximately 2 m, unless the size of the PECS requires a greater length, in which case the length shall be as short as practical to perform the test.

The PECS under test shall be supplied with power and the output port shall be operating as intended prior to closing the switching means that applies the short-circuit, unless energizing the PECS with the short-circuit already applied will be more severe.

The testing shall include individual tests of each output port where combinations of two or more terminals, including earth, on each individual port are subjected to short-circuit tests on those terminals.

A new sample may be used for each short-circuit test.

In addition to determining compliance with the criteria of 5.2.4.2, this test is used to determine the output short-circuit current rating of the port under consideration, in accordance with 4.3.2.4. An oscilloscope or other suitable instrument shall be used to measure the peak current during the test, and to measure or calculate the RMS value of the current.

The value(s) to be recorded and to be provided with the documentation, in accordance with 6.2, 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, three cycles of the nominal AC frequency for the port under consideration, in which case the value shall 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 shall include the RMS value and the time period in seconds; and

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

For PECS with internal short-circuit protection according to 4.3.2.4, which protects the output
port within some few μs, the requirements in a), b) and c) above are not applicable. The PECS shall comply with the acceptance criteria of 5.2.4.2.

5.2.4.4.3        Short-time withstand current (Icw) test (type test)
5.2.4.4.3.1        General
As required in 4.3, the short-time withstand current test shall be performed as a type test to verify the safety of the PECS.

Short-circuits are applied in the PECS at locations based on the evaluation in 4.2 so that terminals and other parts in the fault current path are being exposed to the short-circuit current.

5.2.4.4.3.2        Short-time withstand current test method
The input mains supply port terminals shall be provided with a cable with a cross-section as specified for the installation.

If a switching device is used to initiate the short-circuit or switch the power to the PECS, it shall not limit the test current.

The testing shall include individual tests for each input mains supply port. The worst case combination of terminals (including neutral and earth) shall be subjected to a short-circuit test.

The PECS can be tested un-energized and not operating as intended prior to the short-circuit withstand test, if it can be shown that the test result is not affected.

A new sample may be used for each short-circuit test.

Table 32 lists the AC current test method as a minimum requirement for PECS. Requirements for DC current are under consideration.

If the specified Icp  value is higher than listed in Table 32, the recommended test current is:

16 kA, 20 kA, 25 kA, 35 kA, 50 kA, 65 kA, 85 kA, 100 kA.
Depending on the characteristics of the PECS, the actual values observed during the test may be different from those listed in Table 32, in which case the observed values shall be used for the declaration of Icw.

Table 32 – AC short-time withstand current test, minimum PECS requirements
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5.2.4.4.3.3        Acceptance criteria
As  a  result of  the short-time withstand current (Icw) test, the  PECS shall comply with the acceptance criteria of 5.2.4.2.

5.2.4.5       Output overload test (type test)
The overload test shall be performed after preconditioning the PECS by operating at rated load until thermal stabilization has been reached. Each output port of the PECS, and each section of a tapped output, shall be overloaded in turn, one at a time. The other output ports and windings are loaded or not loaded, whichever load condition of intended use is less favorable.
Overloading is carried out by connecting a variable load across the output port or winding. The load 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 protective device is  just capable of passing for  1 h.  Before  the  test,  the  overcurrent protective device  is  made  inoperative or replaced by a link with negligible impedance. The test shall be terminated after 1 h.
For PECS 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 port.

The PECS shall comply with the acceptance criteria of 5.2.4.2.

5.2.4.6       Breakdown of components test (type test)
5.2.4.6.1        Load conditions
The breakdown of a component, identified as a result of the analysis of 4.2, shall be tested with the PECS at full load or light load, whichever creates the more severe condition.
5.2.4.6.2        Application of short-circuit or open-circuit
The short-circuit shall be applied with cable of a cross-section appropriate for the current that normally flows through the component, but not less than 2,5 mm2. The length of the loop shall be as short as practical to perform the test. Short-circuits and open circuits are applied using an appropriate switching device.
Each identified component shall be subjected to only one breakdown of components test unless both open-circuit failure and short-circuit failure modes are likely in that component.

5.2.4.6.3        Test sequence
For the breakdown of components test, identified components shall be short-circuited or open- circuited, whichever creates the worst hazard, one at a time.

The PECS shall comply with the acceptance criteria of 5.2.4.2.

5.2.4.7       Material short-circuit test (type test)
Functional insulation provided by clearances and creepage distances which are less than those specified in Table 8 and Table 9 shall be type tested as described below.

The decreased clearances and creepage distances shall be short-circuited one at a time, on representative samples,  and  the  short-circuit shall  be  maintained  until  no  further  damage occurs.

The PECS shall comply with the acceptance criteria of 5.2.4.2.

5.2.4.8       Loss of phase test (type test)
A multi-phase PECS shall be operated with each phase (including neutral, if used) disconnected in turn at the input. The test shall be performed by disconnecting one phase with the PECS operating at its maximum normal load and shall be repeated by initially energizing the PECS with one lead disconnected.

If the disconnection of a single phase can decisively be determined to result in a more severe condition, for example disconnection of the phase with the protective device least likely to respond to the loss of phase, then the test can be conducted by disconnecting only that phase instead of each phase in turn.

The test shall continue until terminated by a protective mechanism, a component failure occurs, or the temperature stabilizes.

For  PECS with rated input current greater than  500 A,  compliance can  be shown through simulation.

The PECS shall comply with the acceptance criteria of 5.2.4.2.

NOTE   If fuses are used, a voltage can remain at the open phase caused by internal impedaces within the PECS
connected between the phases.

5.2.4.9       Cooling failure tests (type tests)
5.2.4.9.1        General and acceptance criteria
For PECS having a combination of cooling mechanisms, all relevant tests shall be performed. It is not necessary to perform the tests simultaneously.

The test shall continue until

      the temperature stabilizes, in which case the temperature limits of 4.6.4.3 apply, or

terminated by a protective mechanism or a component failure occurs, in which case the temperature limits of accessible parts in 4.6.4.3 may be exceeded by not more than 5 °C. If this is not possible, a warning statement shall be provided in the documentation.
NOTE   The temperature increase of 5 °C with regard to the steady state limits reflects the spread of the burn threshold given in IEC Guide 117:2010.

The PECS shall comply with the acceptance criteria of 5.2.4.2.

5.2.4.9.2        Inoperative blower motor test (type tests)
A PECS having forced ventilation shall be operated at rated load with fan or blower motor or motors made inoperative by physically preventing their rotation. If more than one blower motor is comprised, analysis according to 4.2 shall demonstrate whether one after the other or more at the same time shall be blocked, taking into account a single fault condition.

NOTE   In  order  to  avoid  hazards  during  this  test,  the  physical  prevention  of  the  rotation  can  be  done  before energizing the blower motor.

The PECS shall comply with the acceptance criteria of 5.2.4.2.

5.2.4.9.3        Clogged filter test (type tests)
Enclosed PECS having filtered ventilation openings shall be operated at rated load with the openings blocked to represent clogged filters.

The test shall be performed initially with 50 % of the ventilation openings surface blocked. The test shall be repeated under a 100 % blocked condition.
The PECS shall comply with the acceptance criteria of 5.2.4.2.

5.2.4.9.4        Loss of coolant test (type tests)
A liquid cooled PECS shall be operated at rated load. Loss of coolant shall be simulated by draining the coolant, blocking the flow or disabling the system coolant pump.

If the PECS is shut down due to the operation of a thermal device measuring the coolant temperature, then the test shall be repeated with the coolant drained out of the system.

NOTE   It is presumed that the thermal device is not able to operate if the coolant system is drained.

The PECS shall comply with the acceptance criteria of 5.2.4.2.

5.2.4.9.5        Covering of openings for cooling air test (type test)
The top, sides, bottom and the back of enclosed PECS, if such have openings for cooling, shall be covered one at a time.
All openings of a PECS designed as movable equipment are covered simultaneously. Openings above 1,8 m do not need to be blocked.

The PECS shall comply with the acceptance criteria of 5.2.4.2.

5.2.5      Material tests
5.2.5.1       General
When requested by 4.4.7.8.2, the flammability properties of the materials used for insulating purposes shall be tested, as defined in 5.2.5.2, 5.2.5.3 and 5.2.5.4.

When requested by 4.6.3.2, the flammability properties of the materials used for fire enclosure
shall be tested, as defined in 5.2.5.5.

5.2.5.2       High current arcing ignition test (type test)
Five samples of each insulating material (see Figure 25) to be tested are used. The samples shall have minimum 130 mm length and 13 mm width and have uniform thickness representing the thinnest section of the part. Edges shall be free from burrs, fins, etc.

Each test  is  made with a  pair  of  test electrodes and a variable inductive impedance load connected in series to a source of 220 V to 240 V AC, 50 Hz or 60 Hz (see Figure 25).
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Figure 25 – Circuit for high-current arcing test
It is permitted to use an equivalent circuit.

One electrode is stationary and the second movable. The stationary electrode consists of a

3,5 mm diameter solid copper conductor having a 30 chisel point. The movable electrode is a

3 mm diameter stainless steel rod with a symmetrical conical point having a total angle of 60 and is capable of being moved along its own axis. The radius of curvature for the electrode tips does not exceed 0,1 mm at the start of a given test. The electrodes are located opposing each

other, in the same plane, at an angle of 45 to the horizontal. With the electrodes short-circuited, the variable inductive impedance load is adjusted until the current is 33 A at a power factor of
0,5.
The sample under test is supported horizontally in air or on a non-conductive surface so that the electrodes, when touching each other, are in contact with the surface of the sample. The movable electrode is manually or otherwise controlled so that it can be withdrawn from contact with the stationary electrode to break the circuit and lowered to remake the circuit, so as to produce a series of arcs at a rate of approximately 40 arcs/min, with a separation speed of

250 mm/s ± 25 mm/s.

The test is continued until ignition of the sample occurs, a hole is burned through the sample or a total of 200 arcs have elapsed.

The average number of arcs to ignition of the specimens tested shall be not less than 15 for
V-0 class materials and not less than 30 for other materials.

5.2.5.3       Glow-wire test (type test)
The glow-wire test shall be  made under the conditions specified in  4.4.7.8.2 according to

IEC 60695-2-10:2013 and IEC 60695-2-13:2010 and IEC 60695-2-13:2010/AMD1:2014.

If the test has to be made at more than one place on the same sample, care should be taken to ensure that any deformation caused by previous tests does not affect the test to be made.
NOTE   Depending on the classification of the use of the PECS, the glow-wire test is performed at a lower test temperature according to IEC 60695-2-11:2021, Table 1, but not less than 550 °C or the applicable temperature of
850 °C. The test temperature is derived from IEC 60695-2-11:2021, Annex A, for equipment for unattended use continuously loaded.
5.2.5.4       Hot wire ignition test (type test)
The hot wire ignition test is an alternative to the glow-wire test.

Five samples of each insulating material (see Figure 26) are tested. The samples shall have minimum 130 mm length and 13 mm width and have uniform thickness representing the thinnest section of the part. Edges shall be free from burrs, fins, etc.

A 250 mm ± 5 mm length of nichrome wire (nominal composition 80 % nickel, 20 % chromium, iron-free) approximately 0,5 mm diameter and having a cold resistance of approximately 5 Ω/m is used. The wire is connected in a straight length to a variable source of power which is adjusted to generate 0,25 W/mm ± 0,01 W/mm in the wire for a period of 8 s to 12 s. After cooling, the wire is wrapped around a sample to form five complete turns spaced 6 mm apart.

The wrapped sample is supported in a horizontal position (see Figure 26) and the ends of the wire   connected   to   the   variable   power   source,   which   is   again   adjusted   to   generate

0,25 W/mm ± 0,01 W/mm in the wire.
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Figure 26 – Test fixture for hot-wire ignition test
The test is continued until the test specimen ignites or until 120 s have passed. When ignition occurs or 120 s have passed, the test is discontinued and the test time recorded. For specimens which melt through the wire without ignition, the test is discontinued when the specimen is no longer in intimate contact with all five turns of the heater wire.
The test is repeated on the remaining samples.

The average ignition time of the specimens tested shall not be less than 15 s.
5.2.5.5       Flammability test (type test)
When required by 4.6.3.2, compliance is shown by the flammability test as follows.

Three samples of the complete PECS or three test specimens of the enclosure thereof (see
4.6.3)  shall  be  subjected  to  this  test.  Consideration  shall  be  given  to  leaving  in  place components and other parts that might influence the performance. The test samples shall be conditioned in a full draft circulating air oven for seven days at 10 °C greater than the maximum use temperature, as determined by the temperature rise test 5.2.3.10, but not less than 70 °C in  any  case.  Prior  to  testing,  the  samples  shall  be  conditioned  for  a  minimum  of  4 h  at

23 °C ± 2 °C and 45 % to 55 % relative humidity. The flame shall be applied to an inside surface of the sample at a location judged to be likely to become ignited because of its proximity to a source of ignition including surfaces provided with ventilation holes. If more than one part is near a source of ignition, each sample shall be tested with the flame applied to a different location.
The three test samples shall result in the acceptable performance described below. If one sample does not comply, the test shall be repeated on a set of three new samples with the flame applied under the same conditions as for the unsuccessful sample. If all the new specimens comply with the requirements described below, the material is acceptable.

The  laboratory  burner,  adjustment  and  calibration  shall  be  identical  to  that  described  in

IEC 60695-11-20:2015.

When a complete enclosure is used to conduct the flame test, the sample shall be mounted as intended  in  service,  if  it  does  not  impair  the  flame  testing,  in  a  draft-free  test  chamber, enclosure, or laboratory hood. A layer of absorbent 100 % cotton shall be located 305 mm below the point of application of the test flame. The 127 mm flame shall be applied to any portion of the interior of the part judged as likely to be ignited (by its proximity to live or arcing parts, coils, wiring, and the like) at an angle of approximately 20° insofar as possible from the vertical so that the tip of the blue cone touches the specimen. The test flame shall be applied to three different locations on each of the three samples tested. A supply of technical-grade methane gas shall be used with a regulator and meter for uniform gas flow. Natural gas having a heat content of approximately 37 MJ/m3 at 23 °C has been found to provide similar results and may be used.
The flame shall be applied for 5 s and removed for 5 s. The operation shall be repeated until the specimen has been subjected to five applications of the test flame.

The following conditions shall be met as a result of this test:


the material shall not continue to burn for more than 1 min after the fifth 5 s application of the test flame, with an interval of 5 s between applications of the flame;


flaming drops or flaming or glowing particles that ignite surgical cotton 305 mm below the test specimen shall not be emitted by the test sample at any time during the test.

After the test, PECS shall meet the requirements for basic protection by means of enclosures
or barriers in 4.4.3.3.

5.2.5.6       Flaming oil test (type test)
When required by 4.6.3.3.3, compliance is shown by the flame oil test as follows.

A sample of the complete finished bottom of the fire enclosure is securely supported in a horizontal position. Bleached cheesecloth of approximately 40 g/m2 is placed in one layer over a shallow, flat-bottomed pan approximately 50 mm below the sample, and is of sufficient size to cover completely the pattern of openings in the sample, but not large enough to catch any of the oil that runs over the edge of the sample or otherwise does not pass through the openings.

The use of a metal screen or a wired-glass partition surrounding the test area is recommended. A small metal ladle (preferably no more than 65 mm in diameter), with a pouring lip and a long

handle whose longitudinal axis remains horizontal during pouring, is partially filled with 10 ml of a distillate fuel oil that is a medium volatile distillate having a mass per unit volume between
0,845 g/ml and 0,865 g/ml, a flash point between 43,5 °C and 93,5 °C and an average calorific value of 38 MJ/l. The ladle containing the oil is heated and the oil ignited and permitted to burn for 1 min, at which time all of the hot flaming oil is poured at the rate of approximately 1 ml/s in a steady stream onto the centre of the pattern of openings, from a position approximately

100 mm above the openings.

The test is repeated twice at 5 min intervals, using clean cheesecloth. During the test, the cheesecloth shall not ignite.

5.2.5.7       Cemented joints test (type test)
When required by 4.4.7.9, representative samples of cemented joints providing protection of type 1 or type 2 as defined in IEC 60664-3:2016 shall be tested as a type test as follows.

The samples shall be subjected to the conditioning procedure specified in 5.2.3.16.

After the conditioning, the samples shall pass all of the following tests in the prescribed order.

a)  The mechanical strength of the joint shall be evaluated by loading the joint using the forces anticipated to be present under normal conditions. There shall be no separation of the parts.

b)  The insulation resistance between the conductive parts separated by the joint shall be at least 100 MΩ and measured according to IEC 60664-3:2016, 5.8.3.

c)  Cemented joints shall be treated as to be thin sheet material and shall be tested according to 4.4.7.8.3.

d)  The sectioning of the joint shall not show any cracks, voids or separation. The joint shall be visually examined according to IEC 61189-3:2007, 6.2 (test 3V02).

5.2.5.8       Durability, legibility and permanence of marking test (type test)
As required in 6.4.3.1, compliance is checked by visual inspection in 5.2.1. Permanency is determined by the following type test a) or b).

Each required printed or screened marking shall be tested. However, if the data sheet for a label confirms compliance with the test requirements, the test need not be performed.

The test is conducted as follows:

a)  by rubbing the marking by hand without appreciable force for 15 s with a piece of cloth soaked with water and at a different place or on a different sample for 15 s with a piece of cloth soaked with petroleum spirit; or
NOTE   Petroleum spirit is a reagent grade hexane with  a  minimum of 85 % n-hexane. The designation "n- hexane" is chemical nomenclature for a "normal" or straight chain hydrocarbon. This petroleum spirit is further identified as a certified ACS (American Chemical Society) reagent grade hexane.

b)  the markings are rubbed by hand, without undue pressure, for 30 s with a cloth soaked with each specified cleaning agent or, if not specified, with 70 % isopropyl alcohol.

For more information, refer to IEC 62368-1:2018, F.3.9 and F.3.10, or IEC 61010-1:2010, 5.3.
For acceptance criteria, the marking shall remain legible after each test. If the marking is on a separable label, the label shall show no curling and shall not be removable by hand.

5.2.5.9       UV resistance test (type test)
If required in 4.12.8, type tests shall be performed to demonstrate sufficient resistance to UV

exposure.
Samples taken from the parts, or consisting of identical material, are prepared according to the standard  for   the   test   to   be   performed.  They   are   then   UV  conditioned  according  to IEC 62109-1:2010, Annex J.

After conditioning, the samples shall show no signs of significant deterioration, such as crazing or cracking. They are then kept at room ambient conditions for not less than 16 h and not more than 96 h, after which they are tested according to the standard for the relevant test.

In order to evaluate the percent retention of properties after test, samples that have not been conditioned according to  IEC 62109-1:2010, Annex J,  are  tested  at  the  same  time  as  the conditioned samples.

Except  for  flammability  classification  (see  4.6),  use  IEC 62109-1:2010,  Table  27,  for  the minimum property retention limits after test.
5.2.6      Environmental tests (type tests)
5.2.6.1       General
Environmental testing is required to establish the safety of the PECS at the extremes of the environmental classification to which it will be subjected according to 4.9.

If size or power considerations prevent the performance of these tests on the complete PECS, it is permitted to test individual parts that are considered to be relevant to the safety of the PECS.

When testing components or sub-assemblies separately, the temperature during the dry-heat test shall be chosen as to simulate actual use in the end-product. The component or sub- assembly shall be energized simulating the same conditions as in the end-product.

Table 33 shows the standard tests to be performed for the different environmental conditions. Compliance is shown by conducting test of 5.2.6.3, 5.2.6.4, 5.2.6.5 and 5.2.6.6 according to

Table 33 as applicable for the environmental conditions specified by the manufacture.
Table 33 – Environmental tests
	Test condition
	Indoor conditioned
IEC 60721-3-3
	Indoor unconditioned
IEC 60721-3-3
	Outdoor unconditioned
IEC 60721-3-4

	Climatic
	Dry heat (see 5.2.6.3.1)

Damp heat (see 5.2.6.3.2)
	Dry heat (see 5.2.6.3.1)

Damp heat (see 5.2.6.3.2)
	Dry heat (see 5.2.6.3.1)

Damp heat (see 5.2.6.3.2)

	Chemically active substances
	No test requirement
	No test requirement
	Test Kb of
IEC 60068-2-52:2017

Salt mist a (see 5.2.6.5)

	Mechanically active substances
	No test requirement
	No test requirement
	Test Lc of
IEC 60068-2-68:1994

Dust and sand (see 5.2.6.6)

	Mechanical
	Test Fc of
IEC 60068-2-6:2007
Vibration (see 5.2.6.4)
	Test Fc of
IEC 60068-2-6:2007
Vibration (see 5.2.6.4)
	Test Fc of
IEC 60068-2-6:2007
Vibration (see 5.2.6.4)

	Biological
	No test requirement
	No test requirement
	No test requirement

	UV resistance
	No test requirement
	No test requirement
	5.2.5.9

	a      Refer to footnote "a" in Table 18.


When special environmental conditions are specified, additional tests (e.g. for chemically active substances) shall be considered.
5.2.6.2       Acceptance criteria
The following acceptance criteria shall be satisfied:
a)  no degradation of any safety-relevant component of the PECS;
b)  no potentially hazardous behaviour of the PECS during the test;

c)  no sign of component overheating;
d)  no hazardous live part shall become accessible;

e)  no cracks in the enclosure and no damaged or loose insulators;

f)   pass routine AC or DC voltage test 5.2.3.4;

g)  pass protective equipotential bonding impedance test 5.2.3.11.2;

h)  no potentially hazardous behaviour when the PECS is operated following the test.

5.2.6.3       Climatic tests
5.2.6.3.1        Dry heat test (steady state) (type tests)
To prove the ability of components and PECS to be operated, transported or stored at high temperatures, the dry heat (steady state) test shall be performed according to the conditions specified in Table 34.

Table 34 – Dry heat test (steady state)
	Subject
	Test conditions

	Test reference
	IEC 60068-2-2:2007, test Bd

	Requirement reference
	4.9

	Initial selection and visual inspection before test
	According to 5.1.2 and 5.2.1

	Operating conditions
Temperature

Accuracy
Humidity

Duration of exposure
	Operating at rated conditions
Temperature classification according to Table 18 or manufacturer’s specified maximum temperature, whichever is higher.

Where components and sub-assemblies are tested separately according to

5.2.3.1, use the temperature expected to occur inside the PECS when the PECS
is placed in its maximum permitted temperature.

±2 °C (see IEC 60068-2-2:2007)
According to IEC 60068-2-2:2007, test Bd
(16 ± 1) h

	Recovery procedure

–  Time

–  Climatic conditions
•   Temperature

•   Relative humidity

•   Barometric pressure

–  Power supply
	1 h minimum
15 °C to 35 °C
25 % to 75 %

86 kPa to 106 kPa

Power supply unconnected


5.2.6.3.2        Damp heat test (steady state) (type tests)
To prove the resistance to humidity, the PECS shall be subjected to a damp heat test (steady state) according to the conditions specified in Table 35.

Table 35 – Damp heat test (steady state)
	Subject
	Test conditions

	Test reference
	IEC 60068-2-78:2012, test Cab

	Requirement reference
	4.9

	Initial selection and visual inspection before test
	According to 5.1.2 and 5.2.1

	Operating conditions
Special precautions
Temperature

Accuracy Humidity Accuracy
Duration of exposure
	Power supply disconnected
Internal voltage sources may remain connected if the heat produced by them in the specimen is negligible

Manufacturer’s specified maximum temperature or, for separate testing of
components and sub-assemblies, according to 5.2.3.1 , whichever is higher
±2 °C (see IEC 60068-2-78:2012, 4.2)

Manufacturer’s specified maximum humidity

±3 % (see IEC 60068-2-78:2012, 4.2)
4 days

	Recovery procedure

–  Time

–  Climatic conditions
•   Temperature

•   Relative humidity

•   Barometric pressure

–  Power supply

–  Condensation
	1 h minimum
15 °C to 35 °C
25 % to 75 %

86 kPa to 106 kPa
Power supply disconnected
All external and internal condensation shall be removed by air flow prior to performing the AC or DC voltage test or re-connecting the PEC to a power supply.


5.2.6.4       Vibration test (type test)
To verify the mechanical vibration strength, the PECS in combination with its installation shall be evaluated by
a)  tests defined in 5.2.6.4 according to the conditions specified in Table 36, or
b)  calculation or simulation based on tests, as defined in 5.2.6.4, on a representative model of
PECS.

For PECS with a mass more than 100 kg, this test may be performed on sub-assemblies.

NOTE   For  large  PECS,  the  possibility  of  using  a  shock  test  as  an  alternative  to  a  vibration  test  is  under consideration.
Table 36 – Vibration test
	Subject
	Test conditions

	Test reference
	IEC 60068-2-6:2007, test Fc

	Requirement reference
	4.9

	Initial selection and visual inspection before test
	According to 5.1.2 and 5.2.1

	Conditions
Motion
Vibration
amplitude/acceleration
10 Hz ≤ f ≤ 58 Hz
58 Hz < f ≤ 150 Hz
Vibration duration

Detail of mounting
	Power supply unconnected

Sinusoidal
0,075 mm amplitude
10 m/s2 (1 g)
10 sweep cycles per axis on each of three mutually perpendicular axes
According to manufacturer’s specification

	Where the manufacturer specifies vibration levels that are greater than those above, the higher levels shall be used for the test. The acceptance criteria shall not be changed.
NOTE   Ths test is an accelerated test which means that the level is higher than indicated in Table 18.


5.2.6.5       Salt mist test (type test)
To verify the resistance against salt mist, the PECS in combination with its installation shall be evaluated by tests defined in 5.2.6.5 according to the conditions specified in Table 37.

For PECS with a mass more than 100 kg, this test may be performed on sub-assemblies.

Table 37 – Salt mist test
	Subject
	Test conditions

	Test reference
	IEC 60068-2-52:2017, Test Kb

	Requirement reference
	Table 18

	Initial selection and visual inspection before test
	According to 5.1.2 and 5.2.1

	Conditions
Severity level
	Power supply unconnected

Severity level 2

	Where the manufacturer specifies salt mist levels that are greater than those above, the higher levels shall be used for the test. The acceptance criteria shall not be changed.


5.2.6.6       Dust test (type test)
To verify the mechanical strength against dust, the PECS in combination with its installation
shall be evaluated by tests defined in 5.2.6.6 under the conditions specified in Table 38. For PECS with a mass more than 100 kg, this test may be performed on sub-assemblies.

Table 38 – Dust test
	Subject
	Test conditions

	Test reference
	According choosen IP class of IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013

	Requirement reference
	Table 33

	Initial selection and visual inspection before test
	According to 5.1.2 and 5.2.1

	Conditions
	Power supply unconnected

	Particle size
	According to IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013

	Dust concentration
	According to IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013

	Air velocity
	According to IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013

	Air pressure in the specimen
	According to IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013

	Test duration
	According to IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013

	Acceptance criteria
	5.2.6.2 and according to choosen IP classification IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013


5.2.6.7       Sand test (type test)
To verify the ability to operate under the influence of sand, the PECS in combination with its installation shall be evaluated by tests defined in 5.2.6.7 under the conditions specified in Table 39 mainly to demonstrate the robustness against abrasion by sand.
Table 39 – Sand test
	Subject
	Test conditions

	Test reference
	IEC 60068-2-68:1994, Test Lc1

	Requirement reference
	Table 18

	Initial selection and visual inspection before test
	According to 5.1.2 and 5.2.1

	Conditions
Particle size

Dust concentration

Air velocity

Air pressure in the specimen
Test duration
	Power supply unconnected

Fine dust

2 g/m3
5 m/s

Air pressure in the specimen is that of the ambient air pressure

24 h

	Where the manufacturer specifies dust and sand levels that are greater than those above, the higher levels shall be used for the test. The acceptance criteria shall not be changed.


5.2.7      Hydrostatic pressure test (type test, routine test)
For type tests, the pressure inside the cooling system of a liquid cooled PECS (see 4.7.2.2.3) shall be increased at a gradual rate until a pressure relief mechanism (if provided) operates, or until a pressure of twice the operating value or 1,5 times the maximum pressure rating of the system is achieved, whichever is the greater.

For the purpose of this test, the coolant pump may be disabled.

For routine tests, the pressure shall be increased to the maximum pressure rating of the system. For both type test and routine test, a suitable liquid shall be used to detect leakage.
NOTE   Pretesting with compressed air can be performed before the routine test.

The pressure shall be maintained for at least one minute.

For acceptance criteria,


there shall be no thermal, electric shock, or other hazard resulting from the test. There shall be no leakage of coolant or loss of pressure during the test, other than from a pressure relief mechanism during a type test, and


the PECS shall pass the AC or DC voltage test in 5.2.3.4 after the hydrostatic pressure type test.

5.2.8      Electromagnetic fields (EMF)
For more information, refer to Annex P.

6    Information and marking requirements
6.1     General
The  purpose  of  Clause 6  is  to  define  the  information  necessary  for  the  safe  selection,

installation, commissioning, operation and maintenance for  the intended use of  PECS and specified accessories.

It is  presented as Table 40, showing where the information shall be provided, followed by explanatory subclauses.

Manufacturers shall clearly specify what is contained in the PECS, covered by and evaluated according to this document. This shall as a minimum cover the PEC including the load port and supply port.

Information shall be provided about any hazard which can result from reasonable foreseeable misuse as specified in 4.1.

The requirements of Clause 6 apply to all PECS, unless otherwise stated.

Since any electrical equipment can be installed or operated in such a manner that hazardous conditions can occur, compliance with the design requirements of this document does not by itself assure a safe installation. However, when equipment complying with those requirements is properly selected and correctly installed and operated, the residual risk will be minimized.

Information and markings shall be in a language that is acceptable in the country where the
PECS is to be installed.
To ensure that  the marking is  understood globally, marking should use symbols wherever possible. Information about safety warning symbols is given in 6.4.3.1 and Table C.1.

Symbols  used  on  drawings,  documentation  and  the  PECS  shall  conform  to  IEC 60417, IEC 60617, ISO 7000 or ISO 7010 as appropriate. All used symbols shall be explained in the documentation.

The SI system shall be used when specifying electrical, mechanical and thermal units.

NOTE 1   In USA, US customary inch-foot-pound units are used.

NOTE 2   Further    guidance    for    the    preparation    of    documentation    is    provided    in    IEC 61082-1    and
IEC/IEEE 82079‑1:2019.
Table 40 – Marking location
	Information
	Subclause
reference
	Location a
	Technical subclause
reference

	
	
	1
	2
	3
	4
	5
	

	Identifying the product
	6.2.1.2
	X
	X
	
	X
	X
	4.1

	Electrical ratings for each port
	6.2.1.3
	X
	X
	
	
	X
	4.1

	Supplementary information for each port
	6.2.1.4
	
	
	
	
	X
	4.1

	Liquid cooled PECS
	6.2.1.5
	X
	X
	X
	
	X
	4.1

	General PECS marking
	6.2.1.6
	
	
	
	
	X
	4.1

	Accessories b
	6.2.2
	X
	X
	
	X
	X
	4.1

	IP rating for enclosed PECS
	6.3.2
	X
	X
	
	
	X
	4.1

	Mechanical considerations
	6.3.2
	
	
	
	
	X
	4.1

	Mass information
	6.3.2
	X
	X
	
	X
	X
	4.1

	Environment
	6.3.3
	
	
	
	
	X
	4.9

	Handling and mounting
	6.3.4
	
	
	
	
	X
	4.2

	Enclosure temperature
	6.3.5
	
	
	
	
	X
	4.6.4.3

	Open type PECS
	6.3.6
	
	
	
	
	X
	4.4.3.3, 4.6.4.3

	Interconnection and wiring diagrams
	6.3.7.2
	
	
	
	
	X
	4.1, 4.2

	Conductor (cable) selection
	6.3.7.3
	
	
	
	
	X
	4.11.10.2

	Identification of field wiring terminals
	6.3.7.4.1
	X
	X
	X
	
	X
	4.11.5

	Other details of field wiring terminals
	6.3.7.4.2
	
	
	
	
	X
	4.11.10.3

	Plug and socket-outlets
	6.3.7.5
	X
	X
	X
	
	X
	4.11.7

	Commissioning
	6.3.8
	
	
	
	
	X
	4.1, 4.2

	Acessible parts and circuits
	6.3.9.1
	X
	
	
	
	X
	4.4.3.3, 4.4.2.1

	Protective equipotential bonding circuit
	6.3.9.3
	X
	X
	
	
	X
	4.4.4.2, 4.4.4.3.2,

	Touch current or high leakage current
	6.3.9.4
	X
	
	
	
	X
	4.4.4.3.3

	Compatibility with RCD
	6.3.9.5
	X
	
	
	
	X
	4.4.8

	External protective devices
	6.3.9.6
	
	
	
	
	X
	4.3.1, 4.3.3

	Fire enclosures
	6.3.9.7
	
	
	
	
	X
	4.6.3.1

	General information for intended use
	6.4.1
	
	
	
	
	X
	4.2

	Adjustment
	6.4.2
	
	
	
	
	X
	4.2

	Isolating devices and disconnects
	6.4.3.2
	X
	X
	X
	
	X
	4.1

	Hot surface
	6.4.4
	X
	
	
	
	X
	4.6.4.3

	Control and device marking
	6.4.5
	
	X
	
	
	X
	4.2

	Manufacturing date
	6.5.1.2
	X
	X
	
	
	
	4.2

	Safety information
	6.5.1.3
	
	
	
	
	X
	4.4.3.3

	Capacitor discharge
	6.5.2
	X
	
	X
	
	X
	4.4.9, 4.5.2

	Auto restart/bypass connection
	6.5.3
	
	
	
	
	X
	4.2

	Other hazards
	6.5.4
	
	
	
	
	X
	4.2

	PECS with multiple sources of supply
	6.5.5
	X
	
	
	
	X
	4.8

	Replacable fuses in neutral
	6.5.6
	X
	
	
	
	X
	4.3.4


	a
	Location:
	1. On PECS, visible when the enclosure cover is on and the door is closed (see 6.4.3)

2. On PECS, visible when opening a door or removing a cover (see 6.4.3)

3. On PECS, separate self-adhesive label shipped with the device
4. On packaging

5. Documentation

	
	For marking locations 1, 2 and 3, more than one X means that anyone of the locations with an X can be used.

	b
	Location 1, 2 and 4 are the required location for the accessory, and location 5 is for the PECS.


The documentation in location 5 of Table 40 can be the combination of installation, user’s and maintenance manuals as appropriate.
If not against national regulation, the documentation may be supplied in electronic format (e.g. manufacturer’s website on the world wide web).

If documentation is provided in electronic format only, information shall be provided on the product itself or in an information sheet
      where to download this documentation, (for example URL); and
      where a hard copy of the documentation can be ordered.
Where a URL is provided, this shall be in human-readable form. A machine readable code may also be provided as an optional addition.

NOTE   An example for a machine readable code is QR code.
A  warning  shall  be  provided  on  the  PECS  by  the  symbol  ISO 7010-M002:2011-05  (see
Annex C).

When more than one of any product is supplied to a single user, it is not necessary to supply documentation with each unit, if acceptable to the user.

Compliance with 6.1 to 6.5 is determined by visual inspection in 5.2.1.

6.2     Information for selection
6.2.1      General
6.2.1.1       Overview
As required in 4.1, each part of a PECS including specified accessories that is supplied as a separate product shall be provided with information for the intended use relating to its function, electrical characteristics, and intended environment (see 6.3.3), so that its fitness for purpose and compatibility with other parts of the PECS can be determined. This information includes, but is not limited to, 6.2.1.2, 6.2.1.3, 6.2.1.4, 6.2.1.5 and 6.2.1.6.

6.2.1.2       Identifying the product
      name or trademark of the manufacturer, supplier or importer;
      catalogue number or equivalent.
6.2.1.3       Electrical ratings for each port
      maximum nominal input voltage;
      maximum nominal output voltage;
      maximum nominal output current or nominal power output rating;
      duty cycle rating for PECS designed to operate intermittently;

maximum nominal input current RMS for dimensioning overload protective elements and wiring;

      number of phases (e.g. 3 AC);
      nominal frequency range (e.g. 50 Hz to 60 Hz);
      equipment class (I, II, III), see 6.3.9.2;

A DVC As circuit shall be durably marked where visible after installation to indicate the class of supply and its electrical rating (for example, 30 Vac, DVC As), or equivalent.

6.2.1.4       Supplementary information for each port
      multiple rated PECS;
      DVC classification according to 4.4.2.1;

for a DVC As circuit not evaluated for use in wet or salt water-wet locations, one of the following information, whichever is applicable according to Table 18, or equivalent wording:

–    "Not for use in wet locations"; or
–    "Not for use in salt water-wet locations";

      electrical (overvoltage category);
      the type of electrical supply system (e.g. TN, IT, etc.) to which the PECS may be connected
(see 4.4.7.1.5);


thermal derating characteristics for operation at an altitude above 1 000 m or by increased ambient temperature; and
      short-circuit current rating(s) in terms of
–
conditional short-circuit current (Icc)  and  minimum required prospective short-circuit current Icp,mr and the characteristics of the short-circuit protective device according to

4.3.2.2,
–    rated short-time withstand current (Icw), duration and the rated peak withstand current

(Ipk) according to 4.3.2.3,

–    output short-circuit current in accordance with 4.3.2.4,

–    protective device characteristics, in accordance with 4.3.2 and 5.2.4.4, or
–    supply requirements of the load (if applicable).

6.2.1.5       Liquid cooled PECS
      liquid coolant type;
      nominal operating pressure;
      maximum operating pressure.
6.2.1.6       General PECS marking
      intended use (see 4.1);
      specified accessories (see 4.1);
      specific auxiliary equipment (see 4.1);
      reference(s) to relevant standard(s) for manufacture, test, or use;
      reference to documentation for installation, use and maintenance.
The information shall be limited to that which is essential for correct selection to be made, and should relate to the specific item of equipment. If information covers a number of product variants, it shall be readily possible to distinguish between them.

For open type PECS, the marking on the PECS is not required to be visible when mounted side by side or next to other devices.

6.2.2      Instructions and markings pertaining to accessories
As required in 4.1, the following information for identification shall be marked on the accessory
when the accessory is not delivered with the PECS:

a)  the manufacturer’s name or trademark;

b)  the catalog number or equivalent;

c)  other information, as specified in 6.3 to 6.5.

6.3     Information for installation and commissioning
6.3.1      General
As required in 4.2, safe and reliable installation is the responsibility of the installer, machine builder, and/or user. The manufacturer of any part of the PECS shall provide information to support this task. This information shall be unambiguous, and may be in diagrammatic form.
6.3.2      Mechanical considerations
As required in 4.1, the following information shall be provided:

      IP rating for enclosed PECS;
      dimensional drawing;
      mounting drawing;
      mass information.
For enclosed PECS designed as pluggable equipment type A, marking of the IP rating is not mandatory on the product.

For PECS weighing 18 kg or less, marking of the mass information is not mandatory on the product.

6.3.3      Environment
As required in 4.1, and in accordance with 4.9, the following environmental conditions shall be specified for operation, transportation and storage:

      climatic (ambient temperature, humidity conditions, altitude, ultra-violet light (UV), etc.);

      mechanical (vibration, shock, drop, topple, etc.);
      pollution degree for which the PECS has been designed, when required in 4.4.7.1.3.

NOTE   Environmental categories as specified in IEC 60721 (all parts) can be used where appropriate.
6.3.4      Handling and mounting
In order to prevent injury or damage as required in 4.2, the installation documents shall include warnings  of  any  hazards  which  can  be  experienced during  installation. Where  necessary, instructions shall be provided for
      packing and unpacking,
     moving,
     lifting,
      strength and rigidity of mounting surface,
      fastening, and
      provision of adequate access for operation, adjustment and maintenance.
6.3.5      Enclosure temperature
When surface temperatures of  the  PECS, close to  mounting surfaces, exceed the  limit of

4.6.4.3,  the  documentation  shall  contain  a  warning  to  consider  the  combustibility  of  the mounting surface.
The following marking or equivalent shall appear:

"Suitable for mounting on concrete or other non-combustible surfaces only". See also 6.4.4.

6.3.6      Open type PECS
6.3.6.1       Fire protection for open type PECS
When  required  by  4.6.4.3,  the  documentation  shall  include  the  following  warning  text  or equivalent:

"This open type PECS does not provide comprehensive mitigation for fire hazards. It is intended to be installed inside a supplementary enclosure or in a restricted access area which provides appropriate protection against the spread of fire."

6.3.6.2       Protection against electric shock not provided by enclosures or barriers
When  required  by  4.4.3.3,  the  documentation  shall  include  the  following  warning  text  or equivalent:

"This open type PECS does not provide protective means for access to hazardous live parts. It is intended to be installed inside a supplementary enclosure or in a restricted access area which provides appropriate protection against access to hazardous live parts".

6.3.7      Connections
6.3.7.1       General
Information shall be provided to enable the installer to make safe electrical connection to the PECS. This shall include information for protection against hazards that may be encountered during installation, operation or maintenance.
EXAMPLE   Electric shock, availability of energy or special wiring systems.
6.3.7.2       Interconnection and wiring diagram
As required in 4.1 and 4.2, the documentation shall include details of all necessary connections, together with a suggested interconnection diagram.
6.3.7.3       Conductor (cable) selection
As required in 4.11.2, the documentation shall define the voltage and current levels for all connections to the PECS, together with cable insulation requirements. These shall be worst case values, taking into account short-circuit and overload conditions and the possible effects of non-sinusoidal currents.

6.3.7.4       Identification and other details of field wiring terminals
6.3.7.4.1        Identification of field wiring terminals
The identification of all field wiring terminals shall be marked on the PECS, either directly or by a label attached close to the terminals (see 4.11.5 and 4.11.10.3).

The documentation shall identify all field wiring terminals relating to circuits of DVC As.

A field wiring terminal for the connection of the neutral conductor as required by 4.11.5 shall be readily distinguishable by location and/or marking or colour from the other field wiring terminals, or proper identification of the field wiring terminal for the connection of the neutral conductor shall be clearly shown in some other manner, such as on an attached wiring diagram.

6.3.7.4.2        Other details of field wiring terminals
To ensure a safe installation, the documentation shall specify the following in a), b), c), d) and e) as applicable.

a)  Terminal capacity

      range of acceptable conductor sizes and types (solid or stranded) for all terminals (see
4.11.10.2);


maximum number of conductors which can simultaneously be connected in parallel per terminal;

      size of the fasteners (see d)). b)  Tightening torque value
      required tightening torque value;

      required strength of bolts and nuts. c)  Cable type and temperature


whether the terminals are suitable for connection of copper, aluminium and/or copper- clad aluminum conductors;


the insulation temperature rating requirements for the conductor or cable based on the results of the temperature test in 5.2.3.10.

d)  Accessories for wire connection
      the stripping length of the wire;

      specific ring lugs, ferrules, leads, wire binding screws or pressure wire connectors;

      pressure wire connector or component terminal accessory kits;

      wiring accessories such as nuts, bolts, spring washers;

      accessories for the securement, routing and fixing of cables. e)  Wire terminal components

when  wire  terminals  components  are  not  provided  on  the  PECS  as  shipped,  the documentation shall state which component terminal kits are intended for use with the PECS;


when parts of terminals (e.g. cable lugs or removable part of two-part connectors) are not provided on the PECS as shipped, the documentation shall state which terminal kits are intended for use with the PECS, or standard off the shelf parts of the terminals.

6.3.7.5       Plug and socket-outlets
When required in 4.11.7, plug and socket-outlets accepting standard mains supply plugs shall be marked with the voltage if it is different from the mains supply voltage. If the plug and socket- outlet is for use only with specific accessories, it shall be marked to identify the accessories for which it is intended. If not, the maximum rated current or power shall be marked, or symbol ISO 7010-W001:2011-05 or ISO 7000-0434:2006-12 shown in Annex C placed beside the plug and socket-outlet with the full details included in the documentation.

6.3.8      Commissioning
If commissioning tests are necessary to ensure the electrical and thermal safety of a PECS, information to support these tests shall be provided for each part of the PECS. This information can depend on the specific installation, and close cooperation between manufacturer, installer, and user can be required.
As required in 4.1 and 4.2, commissioning information shall include references to hazards that might be encountered during commissioning, for example those mentioned in 6.4 and 6.5.

6.3.9      Protection requirements
6.3.9.1       Accessible parts and accessible circuits
The installation and maintenance documentation shall identify any conductive accessible parts and accessible circuits at voltages greater than DVC As (see 4.4.2.1), and shall describe the insulation and protective means required for protection.

The documentation shall also indicate the precautions to be taken to ensure that the safety of
DVC As connections is maintained during installation.

Where a hazard is present after the removal of a cover of an enclosed PECS (see 4.4.3.3), a warning label shall be placed on the PECS. The label shall be visible before the cover is removed.
The documentation of a PECS shall state the maximum voltage allowed to be connected to each port.

The documentation shall provide instructions for the use of DVC As circuits within a zone of equipotential bonding.

6.3.9.2       Equipment class
6.3.9.2.1        General
The PECS shall be marked according to the requirement of 6.3.9.2.2, 6.3.9.2.3 and 6.3.9.2.4.

6.3.9.2.2        PECS designed as class I equipment
Means of connection for the external PE conductor to the PECS as required by 4.4.4.3.2 shall be clearly and indelibly marked with one or more of the following:

      the symbol IEC 60417-5019:2006-08 (see Annex C);
      the letters "PE";
      the colour coding green or green-and-yellow.
NOTE   In the USA and Canada, the symbol IEC 60417-5017:2006-08 or symbol IEC 60417-5019:2006-08 or the wording "G," "GR," "GRD," "Ground," "Grounding," or similar designation can be used. A wire binding screw intended for the connection of a field-installed equipment PE conductor require a green coloured head that is hexagonal, slotted, or both.
When requested by 4.11.5, the documentation shall specify clear instruction on the location of the PE-terminal and correct connection to the terminal.

6.3.9.2.3        PECS designed as class II equipment
PECS  of  class II  equipment  shall  be  marked  with  symbol  IEC 60417-5172:2003-02  (see Annex C).  Where  such  PECS  has  means  for  the  connection of  an  earthing conductor  for functional  reasons  (see  4.4.6.3),  the  means  of  connection  shall  be  marked  with  symbol IEC 60417-5018:2011-07 (see Annex C).

6.3.9.2.4        PECS designed as class III equipment
PECS  of  class III  equipment  shall  be  marked  with  symbol  IEC 60417-5180:2003-02  (see

Annex C).

6.3.9.3       Protective equipotential bonding circuit
The protective equipotential bonding circuit in 4.4.4.2 shall be marked as follows.

      For the means of connection for the external PE conductor in 4.4.4.3.2, see 6.3.9.2.2.

NOTE 1   The following text is copied and modified from IEC 60204-1:2016, 13.2.2.


The internal protective equipotential bonding conductor shall be readily distinguishable from other conductors by shape, location, marking, or colour.


Where the internal protective equipotential bonding conductor can be easily identified by its shape, position, or construction (for example a braided conductor, uninsulated stranded conductor), no additional marking is required.


When identification is by colour alone, the bicolour combination green-and-yellow shall be used throughout the length of the conductor, or where the insulated conductor is not readily accessible  or  is  part  of  a  multicore  cable,  colour  coding  throughout  its  length  is  not necessary. However, where the conductor is not clearly visible throughout its length, the ends or accessible locations shall be clearly identified by
–    the symbol IEC 60417-5017:2006-08,

–    the bicolour combination green-and-yellow, or
–    markings, if explained in the documentation.

NOTE 2   The following text is copied and modified from IEC 60950-1:2005 and IEC 60950-1:2005/AMD1:2009,

1.7.7.1.


However, where terminals for the connection are provided on a component or subassembly, either  the  symbol  IEC 60417-5017:2006-08  or  the  symbol  IEC 60417-5019:2006-08  is permitted.

As required in 4.4.4.2.1, where screws for connecting the protective equipotential bonding are used for other purpose, this shall be specified in the documentation.

6.3.9.4       Touch current or high leakage current
6.3.9.4.1        General
The documentation shall specify if one or more of the solutions mentioned in 4.4.4.3.3 are applicable for the PECS.

6.3.9.4.2        Touch current
Where the touch current exceeds the limits given in 4.4.4.3.3.3, this shall be stated in the documentation.      In      addition,      a      warning      symbol      ISO 7010-W001:2011-05      or ISO 7000-0434:2006-12 (see Annex C) shall be placed on the PECS, and a notice shall be provided in the documentation to instruct the user that the minimum size of the PE conductor shall comply with the local safety regulations for high touch current.

6.3.9.4.3        High leakage current
If the PE conductor current exceeds the limits given in 4.4.4.3.3.4, this shall be stated in the documentation.      In      addition,      a      warning      symbol      ISO 7010-W001:2011-05      or ISO 7000-0434:2006-12 (see Annex C) shall be placed on the PECS and a notice shall be provided in the documentation about the protective means to instruct the user that connection of simultaneously conductive accessible parts adjacent to the PECS to the protective bonding circuit of the PECS is required.

6.3.9.5       Compatibility with RCD
The documentation shall indicate compatibility with RCDs (see 4.4.8). When 4.4.8 b) applies, a caution  notice  and  the  symbol  ISO 7010-W001:2011-05  or  ISO 7000-0434:2006-12  (see Annex C) shall be provided in the documentation, and the symbol shall be placed on the PECS. The caution notice shall be the following or equivalent:

"This product can cause a  DC current in  the PE conductor. Where a  residual current- operated protective device (RCD) is used for protection against electric shock, only a RCD of type B is allowed on the supply side of this product."

NOTE   See 6.4.3 for general requirements for labels, signs and signals.

6.3.9.6       External protective devices
Where external protective devices are necessary to protect against hazards, the documentation shall specify the required characteristics (see also 5.2.4 and 4.3.2.1).

6.3.9.7       Fire enclosure
When it is intended to use the PECS only in areas without combustible material to avoid the use of a fire enclosure according to 4.6.3.1, the following marking or an equivalent text shall appear:

"Intended to be used only in areas without combustible materials".

When required by 4.6.3.3.4, the documentation shall include information for correct removal and reinstallation of the door or cover, to ensure that the fire enclosure is maintained during installation or maintenance.

When required by 4.6.3.3.2, the documentation shall specify appropriate mounting instructions to ensure moveable equipment has a well defined top and bottom.

6.4     Information for intended use
6.4.1      General
As required in 4.1, the documentation shall include all information regarding the safe operation of the PECS. In particular, it shall identify any

      hazardous materials,
      risks of electric shock,
     overheating,
      explosion, and
      excessive acoustic noise (see 4.10).
6.4.2      Adjustment
As  required in  4.2,  the  documentation shall give  details  of  all  safety-relevant adjustments intended for the user. The identification or function of each control or indicating device and overcurrent protective devices shall be marked adjacent to the item. Where it is not possible to do this on the product, the information shall be provided pictorially in the documentation.

Maintenance adjustments may also be described in this documentation, but it shall be made clear that they should only be made by skilled persons.

Clear warnings shall be provided in the documentation where excessive adjustment could lead to a hazardous state of the PECS.

Any special tools necessary for making adjustments shall be specified and described.

6.4.3      Labels, signs, symbols and signals
6.4.3.1       General
Labelling shall be  in  accordance with good ergonomic principles so that  notices, controls, indications, test facilities, overcurrent protective devices, etc., are sensibly placed and logically grouped to facilitate correct and unambiguous identification.

As required in 4.2, all safety related PECS labels shall be located so as to be visible after installation or readily visible by opening a door or removing a cover.

All safety related caution and warning labels required for location "2" according to 6.1 and Table 40 indicating a hazard shall be located so as to be visible after installation or readily visible by opening a door or removing a cover when PECS is installed as intended including side-by-side with specified clearance.

Where a symbol is used, the information provided with the PECS shall contain an explanation of the symbol and its meaning.

Labels shall


wherever possible, use international symbols as given by ISO 3864-1, ISO 7000, ISO 7010 or IEC 60417,


if  no  international  symbol  is  available,  be  worded  in  an  appropriate  language  or  in  a language associated with a particular technical field,

      be conspicuous, legible and durable,
      be concise and unambiguous, and

state the hazards involved and give ways in which risks can be reduced. When instructing the person(s) concerned as to

      what to avoid, the wording should include "no", "do not" or "prohibited",
      what to do, the wording should include "shall" or "must",

the nature of the hazard, the wording should include "caution", "warning" or "danger", as appropriate, and

the nature of safe conditions, the wording should include the noun appropriate to the safety device.
The signal words indicated hereinafter shall be used and the following hierarchy respected:

DANGER indicates a hazardous situation which, if not avoided, will result in death or serious injury, for example: "High voltage";


WARNING indicates a hazardous situation which, if not avoided, could result in death or serious injury, for example: "This surface can be hot";


CAUTION indicates a hazardous situation which, if not avoided, could result in minor or moderate injury, for example: "Some of the tests specified in this document involve the use of processes imposing risks on persons concerned".

Danger, warning and caution markings on the PECS shall be prefixed with the signal word "DANGER", "WARNING", or "CAUTION" as appropriate in letters not less than 3,2 mm high. The remaining letters of such markings shall be not less than 1,6 mm high.

If the danger, warning or caution marking is on a visible surface whose width and length are both 20 cm or more, the signal word "DANGER", "WARNING", or "CAUTION" as appropriate shall have letters not less than 5 mm high. The remaining letters of such markings shall not be less than 2,5 mm high.
Cautionary markings shall not be located solely on a part that is removable unless removal of the part is only possible by means of a tool and impairs the operation.
The signal word hierarchy shall be observed as a minimum. For example, "Danger" may be substituted for either "Warning" or "Caution" but not vice versa.

NOTE 1   ANSI Z535.4 (all parts) and ISO 3864-2 can be useful for further information on markings.

Cautionary  marking  for  operating  instructions  shall  be  legible  and  visible  during  normal operation conditions of the PECS.

A marking that provides servicing instructions shall be legible and visible when such servicing is being performed.
All markings shall be

      moulded, die-stamped, paint-stenciled, stamped,

      etched metal that is permanently secured, or

indelibly stamped lettering on a pressure-sensitive label secured by adhesive that is rated for the environmental ratings of the PECS.

Usage, handling, storage, and similar conditions to which the product is exposed shall be applied in the determination of the permanency of a marking. For test, see 5.2.5.8.

Unless otherwise specified, safety signs do not need to be in colour.

If a safety sign is in colour, the colour shall be in accordance with ISO 3864 (all parts).

NOTE 2   For guidance of determination of contrast, see Clause C.2.

Markings that are engraved or moulded need not be in contrasting colours provided that they are legible and readily discernable under normal lighting conditions.

6.4.3.2       Isolating devices and disconnects
Where an isolating device is not intended to interrupt load current, a warning shall state: "DO NOT OPEN UNDER LOAD."

The following requirements apply to any supply isolating device which does not disconnect all sources of power to the PECS.


If the isolating device is mounted in a PECS enclosure with the operating handle externally operable, a warning label shall be provided adjacent to the operating handle stating that it does not disconnect all power to the PECS.


Where a control circuit disconnector can be confused with power circuit disconnectors due to size or location, a warning label shall be provided adjacent to the operating handle of the control circuit disconnector stating that it does not disconnect all power to the PECS.

6.4.3.3       Visual and audible signals
Visual signals such as flashing lights, and audible signals such as sirens, may be used to warn of an impending hazardous event such as the driven equipment start-up and shall be identified.
It is essential that these signals

      are unambiguous,

      can be clearly perceived and differentiated from all other signals used,

      can be clearly recognized by the user, and
      are emitted before the occurrence of the hazardous event.
It is recommended that higher frequency flashing lights be used for higher priority information.

NOTE   IEC 60073 provides guidance on recommended flashing rates and on/off ratios.

6.4.4      Hot surfaces
Where  required  by  4.6.4.3,  the  warning  symbol  IEC 60417-5041:2002-10  or  ISO 7010- W017:2011-05 (see Annex C) shall be marked on or adjacent to parts exceeding the touch temperature limits of Table 15.

6.4.5      Control and device marking
As  required  in  4.2,  the  identification  of  each  control  or  indicating  devices  and  internal
overcurrent protective devices shall be marked adjacent to the item.

Each replaceable internal overcurrent protective device shall be marked with its characteristics or manufacturer’s name and catalog number nearby.

Where it is not possible to do this on the PECS, the information shall be provided pictorially in the documentation.

There shall also  be  a  marking near  all replaceable fuses  that states  the  following text  or equivalent wording:
"Warning – Risk of fire. Replace fuses only as marked."
Appropriate identification shall be marked on or adjacent to each movable connector. Test points shall be individually marked with the circuit diagram reference.

The polarity of any polarized devices shall be marked adjacent to the device.
The diagram reference and, if possible, the function shall be marked adjacent to each pre-set control in a position where it is clearly visible while the adjustment is being made.
6.5     Supplementary information
6.5.1      Maintenance
6.5.1.1       General
As required in 4.2, the manufacturer shall provide information to ensure that maintenance of the PECS can be conducted in a safe manner providing safety markings as specified in 6.5.1.2 and 6.5.1.3.

6.5.1.2       Manufacturing date
The manufacturing date of the PECS shall be determined by a code marked on the product. This code can be a unique identification code, date code, serial number or similar.

6.5.1.3       Safety information
The documentation shall include, as appropriate, the following safety information:
      preventive maintenance procedures and schedules;
      safety precautions during installation, commissioning and maintenance;

location of hazardous live parts that can be accessible during maintenance (for example, when covers are removed) – see 4.4.3.3;

      sub-assembly and component repair and replacement procedures;
      any other relevant information;
      qualification required for installation, commissioning and maintenance.

NOTE 1   These can best be presented as diagrams.

NOTE 2   A list of special tools can be provided, when appropriate.
6.5.2      Capacitor discharge
When required by 4.4.9 c) or 4.5.2, the warning symbol IEC 60417-6042:2010-11 or ISO 7010- W012:2011-05 and IEC 60417-5416:2015-04 (see Annex C) and an indication of the minimum discharge time (see Annex C) required for discharge under worst conditions (e.g. discharge time 5 min) shall be located according to 6.4.3.1 in a clearly visible position on the enclosure, the capacitor protective barrier, or at a point close to the capacitor(s) concerned (depending on the construction). The symbol shall be explained and the time required for the capacitors to discharge after the removal of power from the PECS shall be stated in the documentation.

NOTE   The value of the discharge time declared by the manufacturer can cover a range of PECS taking into account the relevant tolerances for the complete range of PECS.

6.5.3      Auto restart/bypass connection
As  required  in  4.2,  if  a  PECS  can  be  configured  to  provide  automatic  restart  or  bypass connection, the documentation shall contain appropriate warning statements.

A PECS which is set to provide automatic restart or bypass connection, after the removal of power, shall be clearly identified at the installation.

6.5.4      Other hazards
As required in 4.2, the manufacturer shall identify, as applicable, any components and materials of a PECS which require special procedures to prevent hazards.

6.5.5      PECS with multiple sources of supply
In accordance with 4.8, where there is more than one source of supply energizing the PECS, information shall be provided to indicate which disconnect device or devices are required to be operated in order to completely isolate the PECS.

6.5.6      Replaceable fuses in neutral of single-phase PECS
When required in 4.3.4, a suitable marking shall be provided in the documentation to inform a

skilled person of a possible hazard, where both of the following conditions exist:


a fuse is used in the neutral of single-phase PECS either permanently connected or provided with a non-reversible plug;

after operation of the fuse, parts of the PECS that remain energized might represent a hazard during servicing.

The following or similar wording is regarded as suitable: "CAUTION

DOUBLE POLE/NEUTRAL FUSING"

As an alternative to the above wording, the use of the following combination of representative symbols is permitted:

      the electric shock hazard symbol IEC 60417-6042:2010-11 or ISO 7010-W012:2011-05;

        the fuse symbol IEC 60417-5016:2002-10;

      an indication that the fuse is in the neutral N (see Annex C).

However, in this case, the statement shall also be provided in the documentation.

Annex A
(normative)
Additional information for protection against electric shock
A.1     General
Figure A.1 to Figure A.3 show examples of the means used for protection against electric shock in class III equipment and DVC As circuits (see 4.4.6.4).

The following key applies to Figure A.1 to Figure A.3.
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Basic protection
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Enhanced protection to adjacent circuits according to Table 3

A.2     Protection by means of DVC As
(see 4.4.2.2)
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Key
U1  hazardous voltage, earthed or unearthed
U2  ≤ DVC As from Table 2

Figure A.1 – Protection by DVC As with enhanced protection
A.3     Protection by means of protective impedance
(see 4.4.5.5)
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Key
Z    resistor
U1  hazardous voltage, unearthed

I     ≤ limits in Table 5

Figure A.2 – Protection by means of protective impedance
NOTE   A similar approach can be made for earthed systems.

To provide protection in single fault conditions, use the following formula:




I   U1  .
Z
A.4     Protection by using limited voltages
(see 4.4.2.2)
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Key
Z    resistor
U1  hazardous voltage, earthed

U2  ≤ DVC As from Table 2

Figure A.3 – Protection by using limited voltages
To provide protection in single fault conditions, use the following formulae:
U       U1Z2  
2     2Z1  Z2


or       U 2
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        U1Z2 

Z2
2( Z1       2 )
A.5     Evaluation of the working voltage of circuits
A.5.1       General
The decisive voltage of each circuit of the PECS in respect of the protective means to be employed against electric shock is the highest voltage which occurs between any two arbitrary live parts within this circuit during rated worst operating conditions when used as intended.

If connection of the circuit to PE is provided, then the decisive voltage is the highest voltage which occurs between any arbitrary live part of this circuit and earth (for example circuits connected to an earthed three-phase supply).

A portion of a DVC As circuit may exceed the voltage limits of Table 2 when this portion is protected against direct contact according to 4.4.3.3 and the accessible portion of the DVC As circuit complies with the voltage limits of Table 2 under single fault conditions according to 4.2. However, the voltages in this higher voltage portion of the circuit shall still be used in the determination of clearances for the circuit under consideration to its surroundings in 4.4.7.4 and
4.4.7.5.

A.5.2       Classification of the working voltage
The limits of Table 2 are valid for nearly sinusoidal AC and nearly ripple free DC. However, electronic power conversion circuits present voltage waveforms which are neither nearly sinusoidal AC nor ripple free DC.

In A.5.2, methods and rules are provided to classify any voltage shape into one of the DVC in
Table 2.

In the first step, the mean value of the voltage under investigation is determined.

If the mean value is zero, this voltage is considered AC working voltage and the rules are given in A.5.3.

NOTE   The meaning of "zero" is a negligible mean value.

If the mean value is unequal to zero, in the second step the RMS value of the superposed ripple voltage is determined as follows:


if this RMS value of the ripple does not exceed 10 % of the mean value of the DC, this voltage is considered DC working voltage and the rules are given in A.5.4;


if this RMS value of the ripple exceeds 10 % of the mean value of the DC, this voltage is considered pulsating working voltage and the rules are given in A.5.5.

In the third step, determination of the applicable values for the DVC is done considering the:
      AC RMS (UAC),
      AC recurring peak (UACP),
      DC mean (UDC), and
      DC recurring peak (UDCP), as specified in 4.4.2.6.
Three cases of waveforms are considered: Figure A.4, Figure A.5 and Figure A.6 shows typical waveforms for the evaluation of working voltage.

A.5.3       AC working voltage
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Figure A.4 – Typical waveform for AC working voltage
The working voltage has an RMS value UAC and a recurring peak value UACP.

The DVC is that of the lowest voltage row of Table 2 starting with DVC As for which both of the following conditions are satisfied for the same row:

      UAC ≤ UACL;

UACP ≤ UACPL. Example with values:

      UAC = 39 V     --      is lower than UACL = 50 V      --   DVC B
      UACP = 91 V   --      is higher than UACPL = 71 V   --   DVC C
The rule for determining the DVC of the voltage is to select the highest DVC.

Result:       --         this working voltage is DVC C.
A.5.4       DC working voltage
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Figure A.5 – Typical waveform for DC working voltage
The working voltage has a mean value UDC and a recurring peak value UDCP.

The DVC is that of the DVC row of Table 2 starting with DVC As for which both of the following conditions are satisfied for the same row:

      UDC ≤ UDCL;
      UDCP ≤ 1,17 × UDCL.

NOTE   The value of 1,17 results from a superimposed ripple voltage on a triangle waveform with 10 % RMS value.
Example with values:

      UDC = 39 V    --      is lower than UDCL = 60 V                     --      DVC As dry

      UDCP = 69 V  --      is lower than 1,17 × UDCPL = 70,2 V    --      DVC As dry

The rule for determination of DVC of the voltage is to select the highest DVC.

Result:       --         this working voltage is DVC As dry.

A.5.5       Pulsating working voltage
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Figure A.6 – Typical waveform for pulsating working voltage
The working voltage has a mean value UDC, an AC value UAC and a recurring peak value UACP. The DVC is that of the DVC row of Table 2 starting with DVC As for which both of the following

conditions are satisfied for the same row:
 U AC    UDC  ≤ 1


and

 U ACP            UDC          ≤ 1
U ACL

UDCL

U ACPL

1,17  UDCL
Example with values:

      UDC = 39 V;

      UAC = 49 V;

      UACP = 91 V.

First calculation with the limits of DVC B:
 49    39  
50    120


= 0,980 + 0,325 = 1,305
the result is exceeding 1         --         DVC C
and
 91         39 

71    1,17 120


= 1,282 + 0,278 = 1,560
the result is exceeding 1         --         DVC C
The rule for determination of DVC of the voltage is to select the highest DVC:

Result:       --         this working voltage is DVC C.

A.6     The concept of protective means according to 4.4
A.6.1       General
Protection against electric shock shall be achieved by means of


combination of basic protection according to 4.4.3 and fault protection according to 4.4.4, or
      means for enhanced protection according to 4.4.5.

A.6.2       Examples of the use of elements of protective means
Table A.1 provides examples of typical combinations of means for protection against electric shock.

The required grade of protection depends on
      the DVC of the live parts according to Table 2,

      the insulation requirement between adjacent circuits according to 4.4.7.2.1,

      the connection of conductive accessible parts to earth by protective equipotential bonding
according to 4.4.4.2, and
      non conductive accessible parts.
As an alternative to solid insulation, a clearance according to Table 8, shown by L1 and L2 in

Table A.1 may be provided.

In Table A.1, three cases are considered:


Case  a)  –  Accessible  parts  are  conductive  and  are  connected  to  earth  by  protective equipotential bonding
Basic insulation is required between accessible parts and the hazardous live parts. The relevant voltage is that of the hazardous live parts (see Table A.1, cells 1a, 2a, 3a).


Cases b) and c) – Accessible parts are non-conductive (case b) or conductive but not connected to earth by protective equipotential bonding (case c)

The required insulation is as follows.

–
Double insulation or reinforced insulation between accessible parts and hazardous live parts of DVC C. The relevant voltage is that of the live parts (see Table A.1, cells 1b,

1c, 2b and 2c).

–
Supplementary insulation between accessible parts and hazardous live parts of circuits of DVC C which are separated by basic insulation from another adjacent circuits of DVC C.  The  relevant  voltage  is  the  highest  voltage  of  the  adjacent  circuits  (see Table A.1, upper cells 3b, 3c).

NOTE 1   See also Table A.1, footnote b.

NOTE 2   Table A.1 does not show any insulation requirement for DVC As and DVC B.
Table A.1 – Examples for protection against electric shock
	Type of protection
	Configuration

	
	a
Conductive
accessible parts connected to earth by protective
equipotential
bonding
	b
Accessible parts not conductive
	c
Accessible parts conductive,
but NOT connected to earth by
protective equipotential bonding

	1.   Solid insulation
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	2.   Insulation
totally or partially by air clearance
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	3.   Insulation for
adjacent circuits:
Circuit HP: lower voltage circuit;
DVC C
Circuit AC: higher voltage circuit;
DVC C
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	4.   Requirements for openings in
enclosures
	
	
	

	HP  Hazardous live part                               L1     clearance for basic insulation       T     test finger according to Figure
M.2

B     basic insulation for circuit                    L2     clearance for reinforced                 Z     supplementary insulation for
insulation                                                  circuit
AC  adjacent circuit                                       M    conductive part                                *      also applies to plastic screws D     double insulation for circuit                  R     reinforced insulation for circuit     F     functional insulation for circuit I       optional insulation less than B for other purposes than protection against    S     surface of PECS
electric shock.

	NOTE 1   In column c, a plastic screw is treated like a metal screw because a user could replace it with a metal screw during the life of the PECS.

NOTE 2   In row 4, the insertion of the test finger is considered to represent the first fault. NOTE 3   This table shows examples only, and does not cover every situation.

	a
Functional insulation is sufficient if the opening is covered during normal operation conditions. It shall not be possible to remove the cover without the use of a tool or key. If the opening is not covered during normal operating conditions, basic insulation is required.
b
When considering the insulation requirement Z from the adjacent circuit AC in row 3a, 3b and 3c, the insulation requirement from circuit HP from row 1 and row 2 shall be considered as well. The protection requirement shall be the higher of the requirement for HP (reinforced insulation from HP) from row 1 or 2 and the requirement for AC (supplementary insulation from AC) in row 3.


Annex B
(informative)

Considerations for the reduction of the pollution degree
B.1     General
The objective of Annex B is to give an overview of what factors should be considered to reduce the pollution degree for electrical equipment in order to allow for a reduction of the clearance and creepage distances. As the means to be taken depend heavily on the nature of pollution, no comprehensive guidance can be given on how to achieve the goal of a lower pollution degree for the equipment.

B.2     Factors influencing the pollution degree
The following factors influence the pollution degree.

     Pollution
–    no pollution;

–    dry non-conductive pollution;
–    dry non-conductive pollution that can become conductive, when moist;

–    conductive pollution.
NOTE   Pollution  can  be  external  or  can  be  internally  generated  or  present  internally  at  the  conclusion  of manufacturing.
     Moisture
–    no or low moisture without condensation;

–    temporary condensation;

–    permanent moisture;

–    rain or snow.

B.3     Reduction of influencing factors
Following are some means that may be applied to reduce the influencing factors. The described means to meet the requirements are only illustrative. There may be other possibilities.

      Coating (see 4.4.7.6).
      IP5X    (dust    test    according    to    IEC 60529:1989,   IEC 60529:1989/AMD1:1999   and

IEC 60529:1989/AMD2:2013).

      IPX4 to IPX8 depending on the environment.
When hermetically sealing an electrical equipment, it should be ensured that the moisture level will be at the required low level when resealing the equipment after opening the enclosure (e.g. for service).

Annex C
(informative)

Symbols referred to in this document
C.1     Symbols used
Table C.1 – Symbols used
	Symbol
	Standard reference
	Description
	Subclauses
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	IEC 60417-5019:
2006-08
	PE conductor terminal
	4.4.4.3.2,

6.3.9.2.2

	[image: image33.png]I|—




	IEC 60417-5017:
2006-08
	PE conductor terminal
	4.4.4.3.2,

6.3.9.2.2
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	IEC 60417-5018:
2011-07
	Functional earthing terminal
	4.4.6.3, 6.3.9.2.3

	
	ISO 7010-W001:
2011-05  or

ISO 7000-0434:

2006-12
	Caution, refer to documentation
	4.4.4.3.3, 4.4.8,

6.3.9.4, 6.3.9.5
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	IEC 60417-5172:
2003-02
	Class II equipment
(double insulated)
	4.4.6.3, 6.3.9.2.3
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	IEC 60417-5180:
2003-02
	Class III equipment
	4.4.6.4, 6.3.9.2.4

	
	IEC 60417-6042:
2010-11 or
ISO 7010-W012:
2011-05
	Caution, risk of electric shock
	4.4.9, 6.5.2


	Symbol
	Standard reference
	Description
	Subclauses

	
	IEC 60417-5041:
2002-10 or
ISO 7010-W017:
2011-05
	Caution, hot surface
	4.6.4.3, 6.4.4,

6.3.5

	5 min
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 5 min
	IEC 60417-6042:
2010-11 or

ISO 7010-W012:
2011-05 and
IEC 60417-5416:
2015-04 and
indicating the time
	Caution, risk of electric shock
Capacitor discharge time
	4.4.9, 6.5.2

	N
	IEC 60417-6042:

2010-11 or
ISO 7010-W012:

2011-05 and
IEC 60417-5016:

2002-10
and an indication that the fuse is in the neutral N
	Caution, Double

pole/neutral fusing
	4.3.4, 6.5.6
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	ISO 7010-M002:

2011-05
	The user shall read the documentation
	6.1


C.2     Determination of contrast
Where the colour system of ISO 7010 for safety and warning signs is not used, the relative contrast can be calculated using the light reflectance value (LRV) of each of the background and the text/symbol colour using the following formula from ISO 21542:2021:

C  100   Y1 −Y2 
Y1
where

Y1  is the LRV of the lighter colour;

Y2  is the LRV of the darker colour.

NOTE 1   The above formula is the Weber contrast formula.

An acceptable visual contrast is achieved, if

      the lighter colour has an LRV of at least 40, and
      the relative contrast is minimum 80 %.
NOTE 2   The lighter colour LRV of 40 is taken as an approximation of RAL 1003 3 (signal yellow) as required by
ISO 3864-4:2011, which has an LVR of approximately 48.
NOTE 3   The relative contrast requirement is taken from the recommendation of ISO 3864-4:2011, Clause D.2. EXAMPLE 1

White (RAL 9010, pure white): Y1 = 84
Black (RAL 9004, signal black): Y2 = 2

Relative contrast = ((84 – 2) / 84 ) = 98 % EXAMPLE 2

Yellow (RAL 1003, signal yellow): Y1 = 48
Black (RAL 9004, signal black): Y2 = 2

Relative contrast = ((48 – 2) / 48) = 96 % EXAMPLE 3

Blue (RAL 5012, signal blue): Y1 = 21
White (RAL 9010, pure white): Y2 = 84
Relative contrast = ((84 – 21) / 84) = 75 %

NOTE 4   Any other system than RAL can be suitable as well, provided that the light reflective values are measured in  the  same  system.  Also,  within  the  RAL  system,  the  light  reflective  values  can  have  slighly  different  values depending on the source used.
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3    RAL is an example of a colour order system available commercially. This information is given for the convenience of users of this document and does not constitute an endorsement by IEC of this product.

Annex D
(normative)

Evaluation of clearance and creepage distances
D.1     Measurement
Clearance and creepage distances shall be evaluated as illustrated in the examples contained in Figure D.1 to Figure D.15.

For paths consisting of parts with different pollution degrees, as for example when including a cemented  joint  that  provides  protection  type 1  (IEC 60664-3:2016) in  a  pollution  degree 2 environment, the clearance and creepage distances are determined according to Table 8 and Table 9, using the following rules.

In general, a creepage distance may be split in several portions of different materials and/or have different pollution degrees if one of the creepage distances is dimensioned to withstand the total voltage or if the total distance is dimensioned according to the material having the lowest CTI and the highest pollution degree.

For creepage distances for functional insulation on PWB and components assembled on PWB, designed for pollution degree 1 and 2, the sum of the determining voltages of each part of the path shall not be less than the determining voltage of the circuits involved. The distances for each portion of the creepage distance under consideration shall comply with the minimum distances according to Table D.1.

D.2     Relationship of measurement to pollution degree
The "X" values are a function of pollution degree and shall be as specified in Table D.1. If the associated permitted clearance is less than 3 mm, the X value is one third of the clearance.

Table D.1 – Width of grooves by pollution degree
	Pollution degree
	X value

	
	mm

	1
	0,25

	2
	1,0

	3
	1,5


D.3     Examples
In the examples showed in Figure D.1 to Figure D.14 below, clearance and creepage distances are denoted as follows:
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Clearance                                                         Creepage distance
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Condition:       The path under consideration includes a parallel, diverging or converging-sided groove of any depth with a width less than X mm.
Rule:                Clearance and creepage distance are measured directly across the groove as shown.
Figure D.1 – Example of measurements including a groove
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Condition:       Path under consideration includes a parallel or diverging-sided groove of any depth with a width equal to or more than X mm.
Rule:                Clearance is the "line of sight" distance. Path for creepage distance follows the contour of the groove.
Figure D.2 – Example of measurements including a groove
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Condition:       Path under consideration includes a V-shaped groove with a width greater than X mm.
Rule:                Clearance is the "line of sight" distance. Path for creepage distance follows the contour of the groove but "short-circuits" the bottom of the groove by X mm link.

Figure D.3 – Example of measurements including a groove
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Condition:       Path under consideration includes a rib.
Rule:                Clearance is the shortest air path over the top of the rib. Path for creepage distance follows the contour of the rib.
Figure D.4 – Example of measurements including a rib
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Condition:       Path under consideration includes a cemented joint that provides protection of type 2 with grooves less than X mm wide on each side.
Rule:                Clearance is the shortest air path over the top of the joint. Creepage distance is measured directly across the grooves and follows the contour of the joint.

Figure D.5 – Example of measurements providing protection of type 2
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Condition:       Path under consideration includes an uncemented joint or a cemented joint that provides protection of type 1 with grooves less than X mm wide on each side.
Rule:                Clearance and path for creepage distance is the "line of sight" distance shown.
Figure D.6 – Example of measurements providing protection of type 1
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Condition:       Path under consideration includes an uncemented joint or a cemented joint that provides protection of type 1 with grooves equal to or more than X mm wide on each side.
Rule:                Clearance is the "line of sight" distance. Path for creepage distance follows the contour of the grooves.

Figure D.7 – Example of measurements providing protection of type 1
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Condition:       Path under consideration includes an uncemented joint or a cemented joint that provides protection of type 1 with a groove on one side less than X mm wide and the groove on the other side equal to or more than X mm wide.
Rule:                Clearance and path for creepage distance are as shown.
Figure D.8 – Example of measurements providing protection of type 1
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Condition:       Path under consideration includes an uncemented barrier or a cemented joint that provides protection of type 1 when path under the barrier is less than the path over the barrier.

Rule:                Clearance and path for creepage distance follow the contour under the barrier.

Figure D.9 – Example of measurements including a barrier (cemented joint)
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Condition:       Path under consideration includes an uncemented or a cemented barrier when path over the barrier is less than the path under the barrier.

Rule:                Clearance is the shortest air path over the top of the barrier. Path for creepage distance follows the contour of the barrier.
Figure D.10 – Example of measurements including a barrier
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Condition:       Path under consideration includes a gap between head of screw and wall of recess which is equal to or more than X mm wide.

Rule:                Clearance is the shortest air path through the gap and over the top surface. Path for creepage distance
follows the contour of the surfaces.

Figure D.11 – Example of measurements including a gap
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Condition:       Path under consideration includes a gap between head of screw and wall of recess which is less than
X mm wide.
Rule:                Clearance is the shortest air path through the gap and over the top surface. Path for creepage distance
follows the contour of the surfaces but "short-circuits" the bottom of the recess by X mm link.

Figure D.12 – Example of measurements including a gap
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Condition:       Path under consideration includes an isolated part of conductive material.

Rule:                Clearance and path for creepage distance are the sum of d plus D. Where the value of d or D is smaller than X, it shall be considered as zero.
Figure D.13 – Example of measurements including an isolated conductive part
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Condition:       Path under consideration includes inner layer of PWB.

Rule:                For the inner layer(s), the distance between adjacent tracks on the same layer is treated either as creepage distance for pollution degree 1 and clearance as in air (see 4.4.7.8.4.2 option a)) or solid insulation (see 4.4.7.8.4.2 option b))

Figure D.14 – Example of measurements in inner layer of PWB
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Point A is used for determining the air gap to a part inside the enclosure.

Point B is used for measurements of clearance and creepage distance from the outside of an enclosure of insulating material to a part inside the enclosure.

Figure D.15 – Example of measurements on enclosure of insulating material to a part inside
Annex E
(normative)
Altitude correction for clearances
E.1     Correction factor for clearances at altitudes above 2 000 m
Dimensioning of clearances at altitudes between 2 000 m and 20 000 m according to 4.4.7.4.3 in combination with the correction factor from Table E.1.

Table E.1 – Correction factor for clearances at altitudes between 2 000 m and 20 000 m
	Altitude
m
	Normal barometric pressure
kPa
	Multiplication factor for
clearances

	2 000
	80,0
	1,00

	3 000
	70,0
	1,14

	4 000
	62,0
	1,29

	5 000
	54,0
	1,48

	6 000
	47,0
	1,70

	7 000
	41,0
	1,95

	8 000
	35,5
	2,25

	9 000
	30,5
	2,62

	10 000
	26,5
	3,02

	15 000
	12,0
	6,67

	20 000
	5,5
	14,50

	Source: IEC 60664-1:2020, Table A.2.
Linear interpolation is permitted. See IEC 60664-1:2020, 5.2.3.4.


E.2     Test voltages for verifying clearances at different altitudes
Since the withstand voltage of air depends on the air pressure and thus on the altitude of the test laboratory above sea level, the test voltage (see 5.2.3.2 and Table 28 and  Table 29) shall be corrected according to Table E.2.

Table E.2 – Test voltages for verifying clearances at different altitudes
	Impulse withstand voltage in kV

	Altitude of the testing laboratory

	2 000 m a
	1 000 m
	500 m
	200 m
	0 m

	0,33
	0,36
	0,37
	0,38
	0,39

	0,50
	0,54
	0,56
	0,57
	0,58

	0,80
	0,87
	0,90
	0,92
	0,93

	1,50
	1,6
	1,7
	1,7
	1,8

	2,50
	2,8
	2,9
	3,0
	3,1

	4,00
	4,4
	4,7
	4,8
	4,9

	6,00
	6,7
	7,0
	7,2
	7,4

	8,00
	8,9
	9,4
	9,6
	9,8

	12,00
	13
	14
	15
	15

	20,00
	22
	24
	24
	25

	40,00
	45
	47
	49
	50

	60,00
	67
	71
	73
	75

	75,00
	84
	89
	92
	94

	80,00
	90
	95
	98
	100

	95,00
	106
	112
	116
	119

	100,00
	112
	118
	122
	125

	125,00
	140
	148
	153
	157

	145,00
	163
	172
	178
	182

	Linear interpolation is permitted. See IEC 60664-1:2020, 5.2.3.4.

When testing clearances, associated solid insulation will also be subjected to the same impulse test voltage. As the impulse test voltage is increased with respect to the rated impulse withstand voltage, solid insulation shall be designed accordingly. This results in an increased impulse withstand voltage capability of the solid insulation.

NOTE 1   Explanations  concerning  the  influencing  factors  (air  pressure,  altitude,  temperature,  humidity)  with respect to electric strength of clearances are given in IEC 60664-1:2020, 6.2.2.1.4.

NOTE 2   Values given above have been rounded from the calculation in IEC 60664-1:2020, 6.2.2.1.4.

a      Values from Table 7.


The voltage values of Table E.2 apply for the verification of clearances only.

Annex F
(normative)
Clearance and creepage distance determination for frequencies greater than 30 kHz
F.1     General influence of the frequency on the withstand characteristics
The insulation requirement for clearance, creepage distances and solid insulation as mentioned in  4.4.7  are  given  for  frequencies  up  to  and  including  30 kHz.  For  higher  frequencies,  a reduction of the withstand capability of any type of insulation needs to be expected and taken into account for dimensioning.
For frequencies greater than 30 kHz and up to 10 MHz, IEC 60664-4:2005 shall be applied together with IEC 60664-1:2020, for the design of clearance and creepage distances as well as solid insulation.

Annex F provide detailed information for the design of clearance, creepage distances and solid insulation based on the requirement from IEC 60664-4:2005.

The following situation needs to be considered for the design:

      clearance for inhomogenous fields (see F.2.2);
      clearance for approximately homogenous fields (see F.2.3);
      creepage distance (see F.3);
      solid insulation (see F.4).
The  result  of  the  investigation  for  frequencies  above  30 kHz  shall  be  compared  to  the investigation in 4.4.7 and the greater value of the two investigations shall be chosen.
F.2     Clearance
F.2.1       General
The withstand voltage capability within the scope of IEC 60664-4:2005 will only be influenced by the frequency for periodic voltages. For transient overvoltages, dimensioning according to

4.4.7.4 shall be used.
For frequencies exceeding 30 kHz within the scope of IEC 60664-4:2005, the withstand voltage capability of clearances with homogenous and approximately homogenous field distribution can be reduced by up to 25 %.
The requirement for  clearance will  depend on the field  distribution of  the  insulation under investigation. F.2.2 will give the requirement for clearance for inhomogenous fields and F.2.3 provide design criteria for clearance for approximately homogenous fields.

For frequencies exceeding 30 kHz, an approximately homogeneous field is considered to exist when the radius of curvature r of the conductive parts is equal or greater than 20 % of the clearance. The necessary radius of curvature can only be specified at the end of the dimensioning procedure.

The result of the investigation of clearance for frequencies above 30 kHz shall be compared to the investigation in 4.4.7.4 and the greater value of the two investigations shall be chosen. See Figure F.1.

Fundamental frequency of working voltage above

30 kHz
Clearance
Clearance determined acc. to impulse withstand voltage or temporary overvoltage in 4.4.7.4 & Table 8


Clearance determined acc. to working voltage (recurring peak) in 4.4.7.4 & Table 8
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Inhomogeneous field condition acc. to IEC 60664-4:2005 in Annex F, cl. F.2.2


Approximately homogeneous field condition acc. to

IEC 60664-4:2005 in Annex F,

cl. F.2.3
Clearance from Table F.1 based on the recurring peak of the working voltage

Increase of the clearance determined from the working voltage in 4.4.7.4 with factor acc. to Table F.2

Minimum clearance is the greater of these values
Figure F.1 – Diagram for dimensioning of clearances
F.2.2       Clearance for inhomogenous fields
For frequencies exceeding 30 kHz, an inhomogeneous field is considered to exist when the radius  of  curvature  of  the  conductive  parts  is  less  than  20 %  of  the  clearance.  For inhomogeneous field distribution, the reduction of the withstand voltage capability of clearances can be much higher.

Dimensioning for inhomogeneous field distribution is done for the required withstand voltage of the clearance according to the values in Table F.1. No withstand voltage test other than the requirement in 4.4.7 is required.

Table F.1 – Minimum values of clearances in air at atmospheric pressure for inhomogeneous field conditions
	Peak voltage a
kV
	Clearance
mm

	≤ 0,6 b
	0,065

	0,8
	0,18

	1,0
	0,5

	1,2
	1,4

	1,4
	2,35

	1,6
	4,0

	1,8
	6,7

	2,0
	11,0

	Source: IEC 60664-4:2005, Table 1.
a
For   voltages   between   the   values   stated   in   this   table, interpolation is permitted.
b      No data is available for peak voltages less than 0,6 kV.


The dimensioning for inhomogeneous field and high voltage stress (> 1 kV condition) leads to impractical  distances.  It  is  therefore  preferable  to  choose  a  design  improving  the  field distribution (approximately homogeneous field distribution).

F.2.3       Clearance for approximately homogenous fields
For clearance with approximately homogenous fields conditions, the clearance found in Table 8, where the clearance is determined on the working voltage (recurring peak) (Table 8, column 2 or column 3), is increased by a multiplication factor depending on the fundamental frequency. The multiplication factors are indicated in Table F.2.

Table F.2 – Multiplication factors for clearances in air at atmospheric pressure for approximately homogeneous field conditions
	Fundamental frequency
kHz
	Multiplication factor

	30 < ffundam enta l ≤ 500
	1,05

	500 < ffu ndament al ≤ 1 000
	1,10

	1 000 < ffundamen tal ≤ 2 000
	1,20

	2 000 < ffundamen tal ≤ 3 000
	1,25


NOTE 1   The multiplication factors are determined based on calculations as per IEC 60664-4:2005, 4.3.3. More precise calculation can be determined using the formula in IEC 60664-4:2005, 4.3.3.
NOTE 2   Circuits where the clearance is designed based on the impulse withstand voltage (Table 8, column 1), will normally not be affected by these considerations.

The dimensioned clearance, for approximately homogenous field conditions, is applicable for frequencies above the critical frequency calculated by means of the following formula taking into account the new distance from Table F.2:

0,2  MHz 
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f crit  ≈                  
d     mm 
F.3     Creepage distance
For frequencies of the voltage greater than 30 kHz, in addition to tracking, thermal effects need to be taken into account with respect to the withstand capability of creepage distances. Dimensioning  is  performed  both  for  the  required  RMS  withstand  voltage  of  the  creepage distance  according  to  the  values  in  Table 9  and  for  the  required  peak  withstand  voltage according to the values in Table F.3. This peak withstand voltage is the highest value of any periodic peak of the voltage across the creepage distance. The greater of the distances is applicable. The dimensioning according to Table F.3 is applicable for all insulating materials which can deteriorate due to thermal effects. This includes typical base materials for printed circuit boards made from epoxy resin. For materials which cannot deteriorate due to thermal effects and where no tracking needs to be expected, dimensioning according to the clearance requirements, as described in 4.4.7.5, is sufficient. See Figure F.2.

Fundamental frequency of

working voltage above 30 kHz
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Creepage distance
Creepage distance according to Table 9 based on the RMS of the working voltage

Creepage distance according to Table F.3 based on the recurring peak of the working voltage
Minimum creepage distance is the greater of these two values
Figure F.2 – Diagram for dimensioning of creepage distances
Table F.3 – Minimum values of creepage distances for different frequency ranges
	Peak
voltage
kV
	Creepage distance a b
mm

	
	30 kHz < f ≤
100 kHz
	f ≤ 0,2 MHz
	f ≤ 0,4 MHz
	f ≤ 0,7 MHz
	f ≤ 1 MHz
	f ≤ 2 MHz
	f ≤ 3 MHz

	0,1
	0,0167
	--
	--
	--
	--
	--
	0,3

	0,2
	0,042
	--
	--
	--
	--
	0,15
	2,8

	0,3
	0,083
	0,09
	0,09
	0,09
	0,09
	0,8
	20

	0,4
	0,125
	0,13
	0,15
	0,19
	0,35
	4,5
	--

	0,5
	0,183
	0,19
	0,25
	0,4
	1,5
	20
	--

	0,6
	0,267
	0,27
	0,4
	0,85
	5
	--
	--

	0,7
	0,358
	0,38
	0,68
	1,9
	20
	--
	--

	0,8
	0,45
	0,55
	1,1
	3,8
	--
	--
	--

	0,9
	0,525
	0,82
	1,9
	8,7
	--
	--
	--

	1
	0,6
	1,15
	3
	18
	--
	--
	--

	1,1
	0,683
	1,7
	5
	--
	--
	--
	--

	1,2
	0,85
	2,4
	8,2
	--
	--
	--
	--

	1,3
	1,2
	3,5
	--
	--
	--
	--
	--

	1,4
	1,65
	5
	--
	--
	--
	--
	--

	1,5
	2,3
	7,3
	--
	--
	--
	--
	--

	1,6
	3,15
	--
	--
	--
	--
	--
	--

	1,7
	4,4
	--
	--
	--
	--
	--
	--

	1,8
	6,1
	--
	--
	--
	--
	--
	--

	Source: IEC 60664-4:2005, Table 2.
a
The values for the creepage distances in the table apply for pollution degree 1. For pollution degree 2, a multiplication factor of 1,2 and for pollution degree 3 a multiplication factor 1,4 should be used.
b      Interpolation between columns is permitted.


F.4     Solid insulation
F.4.1       General
If  solid  insulation  is  used  at  frequencies  above  30 kHz,  heating  effects  and  accelerated degradation will increase.

F.4.2       Approximately uniform field distribution without air gaps or voids
For solid insulation where uniform field distribution is present and no air gaps or voids are present in the solid insulation, the maximum field distribution shall be calculated as follows.
      For thick layers of solid insulation of d1 ≥ 0,75 mm, the peak value of the field strength E
needs to be equal or less than 2 kV/mm.


For thin layers of solid insulation of d2 ≤ 30 μm, the peak value of the field strength needs to be equal or less than 10 kV/mm.

      For d1 > d > d2, Formula (F.1) is used for interpolation for a certain thickness d (see also

Figure F.3):

 0,25

   kV  
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E  

 1,667           

(F.1)
     d                    mm 
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Figure F.3 – Permissible field strength for dimensioning of solid insulation
according to Formula (F.1)
F.4.3       Other cases
The evaluation according to 4.4.7.8.1 for solid insulation shall be performed for solid insulation
where

      uniform field distribution is not present,
      air gaps or voids are to be expected, or
      the field strength is above the calculation in F.4.2.
If possible, when insulation is being evaluated according to Annex F, the partial discharge test described in 5.2.3.5 should be performed using the frequency of the voltage that will be applied across  this  insulation under  normal operating conditions. At  the  time  of  writing, such  test equipment is not commonly available, and this standard allows test to be conducted at 50 Hz or 60 Hz. Product commitees using this document as reference document should take this into consideration.
Annex G
(informative)

Cross-sections of round conductors
Standard values of cross-section of round copper conductors are shown in Table G.1, which also gives the approximate relationship between ISO metric and AWG/MCM sizes.

Table G.1 – Standard cross-sections of round conductors
	
	AWG/kcmil

	ISO cross-section
mm2
	Size
	Equivalent cross- section
mm2

	0,2
	24
	0,205

	–
	22
	0,324

	0,5
	20
	0,519

	0,75
	18
	0,82

	1,0
	–
	–

	1,5
	16
	1,3

	2,5
	14
	2,1

	4,0
	12
	3,3

	6,0
	10
	5,3

	10
	8
	8,4

	16
	6
	13,3

	25
	4
	21,2

	35
	2
	33,6

	50
	0
	53,5

	70
	00
	67,4

	95
	000
	85,0

	–
	0000
	107,2

	120
	250 kcmil
	127

	150
	300 kcmil
	152

	185
	350 kcmil
	177

	240
	500 kcmil
	253

	300
	600 kcmil
	304

	–
	700 kcmil
	355

	–
	750 kcmil
	380

	400
	800 kcmil
	405

	–
	900 kcmil
	456

	500
	1 000 kcmil
	506

	630
	1 250 kcmil
	633

	–
	1 500 kcmil
	760

	800
	–
	–

	–
	1 750 kcmil
	887

	1 000
	2 000 kcmil
	1 013

	NOTE   The dash, when it appears, counts as a size when considering connecting capacity (see 4.11.10.2).


Annex H
(informative)

Guidelines for RCD compatibility
H.1     Selection of RCD type
Depending on the nature of the power supply, its installation and the type of RCD (type A, type AC,  type B  or  type F  –  see  IEC 60755:2017), PECS  and  RCD  can  be  compatible or incompatible (see 4.4.8). If circuits which can cause current with a DC component to flow in the PE conductor during normal operating conditions or during failure are not separated from the environment by enhanced protection, it is considered that the PECS itself can cause smooth DC current and is therefore incompatible with RCDs of type AC, type A and type F.
The flow chart in Figure H.1 will help with the selection of the RCD type when using a PECS
downstream of the RCD.
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Figure H.1 – Flow chart leading to selection of the RCD type upstream of a PECS
RCDs suitable to be triggered by different waveforms of residual current are marked with the following symbols in Figure H.2, as defined in IEC 60755:2017, Table 2.

	Symbol
	RCD type and description

	[image: image57.png]IEC




	Type AC (IEC 60417-6148:2012-01):

– AC current sensitive;

– suitable for Figure H.3, circuits 1 and 2.
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	Type A (IEC 60417-6149:2012-01):

– AC current sensitive and sensitive to residual pulsating direct currents superimposed on a smooth direct current limited to 6 mA;

– suitable for Figure H.3, circuits 1 to 5.
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	Type F (IEC 60417-6149:2012-01 + IEC 60417-6160:2012-04):

– AC current sensitive and sensitive to residual pulsating direct currents superimposed on a smooth direct current limited to 10 mA;

– suitable for Figure H.3, circuits 1 to 6.
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	Type B (IEC 60417-6149:2012-01 + IEC 60417-6160:2012-04 + IEC 60417-

6297:2014-11):

– universal current sensitive;

– suitable for Figure H.3, all circuits.


Figure H.2 – Symbols for marking depending on the type of RCD
H.2     Fault current waveforms
Figure H.3 shows typical earth fault current waveforms for star point grounded systems where a DC component can occur, for different circuit configurations, used to determine RCD compatibility.

	
	Circuit diagram with fault location
	Shape of load current
IL
	Shape of earth fault current IF
	RCD tripping characteristic

	1
	Phase control
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	AC, A, F, B

	2
	Burst control
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	AC, A, F, B

	3
	Single-phase
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	A, F, B


	
	Circuit diagram with fault location
	Shape of load current
IL
	Shape of earth fault current IF
	RCD tripping characteristic

	4
	Two-pulse bridge
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	A, F, B

	5
	Two-pulse bridge, half controlled
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	A, F, B

	6
	Frequency inverter with two- pulse bridge
	[image: image71.png]IEC





	[image: image72.png]Irq

IEC




[image: image73.png])

IEC





	F, B

	7
	Single-phase with smoothing
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	B

	8
	Frequency inverter with two- pulse bridge and power
factor correction (PFC)
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	Circuit diagram with fault location
	Shape of load current
IL
	Shape of earth fault current IF
	RCD tripping characteristic

	9
	Two-pulse bridge between phases
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	B

	10
	Frequency inverter with two-

pulse bridge between phases
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	B

	11
	Three-phase star
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	B

	12
	Six-pulse bridge
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	B

	13
	Frequency inverter with six- pulse bridge
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	B

	Source: IEC 60755:2017, Annex B.

NOTE   IF symbolizes a fault current, not a short-circuit current.


Figure H.3 – Fault current waveforms in connections with power electronic converter devices
Annex I
(informative)

Examples of overvoltage category reduction
I.1      General
Figure I.1 to Figure I.15 are intended as illustrations of the requirements in Table 3, Table 7,

4.4.7.2 and 4.4.7.3. They are not intended as indications of good design practice.
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protection  to  prevent  persons  from  touching  hazardous  live  parts,  see
4.4.3.3

                            conductive accessible parts, see 4.4.4.1
[image: image169.png]


enhanced protection, see 4.4.5.1

SPD             surge   protection   device   (example   of   means   to   reduce   transient overvoltages)

OVC             overvoltage category
I.2      Protection to the surroundings (see 4.4.7.2)
I.2.1        Circuits connected to mains supply (see 4.4.7.2.3)
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Figure I.1 – Basic protection evaluation for circuits connected to the origin of the installation mains supply
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Figure I.2 – Basic protection evaluation for circuits connected to the mains supply
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Figure I.3 – Basic protection evaluation for single and three phase PECS
not permanently connected to the mains supply
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Figure I.4 – Basic protection evaluation for circuits connected to the origin of the installation mains supply where internal SPDs are used
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Figure I.5 – Basic protection evaluation for circuits connected to the mains supply
where internal SPDs are used
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Figure I.6 – Example of enhanced protection evaluation for circuits connected to the mains supply where internal SPDs are used
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Figure I.7 – Example of enhanced protection evaluation for circuits connected to the mains supply where internal SPDs are used
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Figure I.8 –Example of enhanced protection evaluation for circuits connected to the mains supply where internal SPDs are used
NOTE   For the requirements for enhanced protection in Figure I.6 to Figure I.8, see 4.4.7.2.3 and 4.4.7.2.4.

I.2.2        Circuits connected to the non-mains supply (see 4.4.7.2.4)
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Figure I.9 – Basic protection evaluation for circuits connected to the non-mains supply
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Figure I.10 – Basic protection evaluation for circuits connected to the the origin of the installation non-mains supply
I.2.3        Protection between circuits (see 4.4.7.2.7)
Insulation between two circuits shall be designed according to the circuit having the more severe requirement (see also Figure I.12 ).

I.3      Functional insulation (see 4.4.7.3)
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NOTE 1   The SPD is not connected to earth, and so has no effect on the overvoltage catgory to earth.
NOTE 2   The   requirements   for   functional   insulation   can   be   further   reduced   by   the   circuit   characteristics

(see 4.4.7.3).
Figure I.11 – Functional insulation evaluation within circuits affected by external transients
I.4      Further examples
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Figure I.12 – Basic protection evaluation for circuits connected to the mains supply
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Figure I.13 – Insulation evaluation for accessible circuit of DVC As
I.5      Circuits with multiple supplies (see 4.4.7.2.1)
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Basic protection*: OVC III based on the system voltage of the mains supply and OVC II from non-mains supply. The most severe of these requirements applies. No reduction of the impulse withstand voltage or overvoltage category for mains supply or non-mains supply.

Functional insulation: OVC II based on the mains supply system voltage and OVC II from the non-mains supply. The most severe of these requirements applies.

Figure I.14 – PEC with mains supply and non-mains supply without galvanic isolation
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Functional  insulation:  Functional  insulation  is  based  on  max.  impulse  withstand  voltage  limited  by  circuit characteristic incl. SPD.

Basic protection*: OVC III based on the system voltage of the mains supply and OVC II from non-mains supply. The most severe of these requirements applies taking into account the reduction of the impulse voltage crossing the transformer. The SPD does not give any reduction for basic insulation because it is located between phases.

Figure I.15 – Transformer (basic protected) PEC inverter with SPD and transformer to reduce impulse voltage for functional and basic protection
Annex J
(informative)

Burn thresholds for touchable surfaces
J.1     General
Annex J  contains  information  about  burn  thresholds  for  touchable  surfaces  for  different materials. Figure J.1, Figure J.2, Figure J.3, Figure J.4 and Figure J.5 are copies of figures from IEC Guide 117:2010.
J.2     Burn thresholds
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1    no burn
2    burn threshold

3    burn
Figure J.1 – Burn threshold spread when the skin is in contact with a hot smooth surface made of bare (uncoated) metal
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Key
1    coated by shellac varnish of a thickness of 50 µm

2    coated by shellac varnish of a thickness of 100 µm

3    coated by shellac varnish of a thickness of 150 µm

Figure J.2 – Rise in the burn threshold spread from Figure J.1 for metals which are coated by shellac varnish
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Key
1    porcelain enamel (thickness 160 µm)/powder (thickness 60 µm)
2    powder (thickness 90 µm)
3    polyamide 11 or 12 (thickness 400 µm)
Figure J.3 – Rise in the burn threshold spread from Figure J.1 for metals coated with the specific materials
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1    no burn
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3    burn
Figure J.4 – Burn threshold spread when the skin is in contact
with a hot smooth surface made of ceramics, glass and stone materials
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2    burn threshold

3    burn
Figure J.5 – Burn threshold spread when the skin is in contact with a hot smooth surface made of plastics
Annex K
(informative)

Table of electrochemical potentials
Table K.1 lists electrochemical potentials. Corrosion due to electrochemical action between dissimilar metals that are in contact is minimized if the combined electrochemical potential is below  about  0,6 V.  In  Table K.1,  the  combined  electrochemical potentials are  listed  for  a number of pairs of metals in common use; combinations above the dividing line should be avoided.
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Table K.1 – Table of electrochemical potentials
	Magnesium, magnes ium allo ys
	Zin c, zin c allo ys
	80 tin/20 Zn on st eel, Zn on iron o r stee l
	Alu m in iu m
	Cd on steel
	AI/Mg al lo y
	Mild steel
	Duralu min
	Lead
	Cr on steel, solft solde r
	Cr on Ni on st eel, t in on
steel 12 % C r stainl ess ste el
	High C r sta inless steel
	Copper, copper alloys
	Silve r sold er , Aust enitic stainless st eel
	Ni on stee l
	Silve r
	Rh on Ag on Cu , sil ver /gold allo y
	Carbon
	Go ld , platin u m
	

	0
	0,5
	0,55
	0,7
	0,8
	0,85
	0,9
	1,0
	1,05
	1,1
	1,15
	1,25
	1,35
	1,4
	1,45
	1,6
	1,65
	1,7
	1,75
	Magnesium , magne sium al loys

	
	0
	0,05
	0,2
	0,3
	0,35
	0,4
	0,5
	0,55
	0,6
	0,65
	0,75
	0,85
	0,9
	0,95
	1,1
	1,15
	1,2
	1,25
	Zinc, zin c al loy s

	
	
	0
	0,15
	0,25
	0,3
	0,35
	0,45
	0,5
	0,5
	0,6
	0,7
	0,8
	0,85
	0,9
	1,05
	1,1
	1,15
	1,2
	80 tin /20 Z n o n st eel, Zn on iron or stee l

	
	
	
	0
	0,1
	0,15
	0,2
	0,3
	0,35
	0,4
	0,45
	0,55
	0,65
	0,7
	0,75
	0,9
	0,95
	1,0
	1,05
	Alum inium

	
	
	
	
	0
	0,05
	0,1
	0,2
	0,25
	0,3
	0,35
	0,45
	0,55
	0,6
	0,65
	0,8
	0,85
	0,9
	0,95
	Cd on stee l

	
	
	
	
	
	0
	0,05
	0,15
	0,2
	0,2
	0,3
	0,4
	0,5
	0,55
	0,6
	0,75
	0,8
	0,85
	0,9
	AI/Mg al loy

	
	
	
	
	
	
	0
	0,1
	0,15
	0,2
	0,25
	0,35
	0,45
	0,5
	0,55
	0,7
	0,75
	0,8
	0,85
	Mild stee l

	
	
	
	
	
	
	
	0
	0,05
	0,1
	0,15
	0,25
	0,35
	0,4
	0,45
	0,6
	0,65
	0,7
	0,75
	Duralum in

	
	
	
	
	
	
	
	
	0
	0,5
	0,1
	0,2
	0,3
	0,35
	0,4
	0,55
	0,6
	0,66
	0,7
	Lead

	
	
	
	
	
	
	
	
	
	0
	0,05
	0,15
	0,25
	0,3
	0,35
	0,5
	0,55
	0,6
	0,65
	Cr on s teel , so lft sol der

	
	
	
	
	
	
	
	
	
	
	0
	0,1
	0,2
	0,25
	0,3
	0,45
	0,5
	0,55
	0,6
	Cr on Ni o n ste el, tin on s teel 12 % Cr stain les s ste el

	
	Ag           Silver

Al
Aluminium Cd
Cadmium Cr
Chromium Cu
Copper
Mg           Magnesium
Ni            Nickel

Rh           Rhodium
Zn            Zinc
	
	
	
	0
	0,1
	0,15
	0,2
	0,35
	0,4
	0,45
	0,5
	High Cr s tain les s st eel

	
	
	
	
	
	
	0
	0,05
	0,1
	0,25
	0,3
	0,35
	0,4
	Copper, copper al loys

	
	
	
	
	
	
	
	0
	0,05
	0,2
	0,25
	0,3
	0,35
	Si lver solder , Auste nit ic stai nles s s teel

	
	
	
	
	
	
	
	
	0
	0,15
	0,2
	0,25
	0,3
	Ni on stee l

	
	
	
	
	
	
	
	
	
	0
	0,05
	0,1
	0,15
	Si lver

	
	
	
	
	
	
	
	
	
	
	0
	0,05
	0,1
	Rh on Ag on Cu , s ilv er/go ld a lloy

	
	
	
	
	
	
	
	
	
	
	
	0
	0,05
	Carbon

	
	
	
	
	
	
	
	
	
	
	
	
	0
	Gold, plat inum

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NOTE   Values derived from IEC 62368-1:2018.


Annex L
(informative)

Measuring instrument for touch current measurements
L.1     Measuring instrument 1
The measuring test circuit of Figure L.1 is from IEC 60990:2016, Figure 4.
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Key
	RS
	1 500 Ω
	R1
	10 kΩ

	RB
	500 Ω
	C1
	0,022 μF

	CS
	0,22 μF
	
	


Figure L.1 – Measuring instrument 1
L.2     Measuring instrument 2
The measuring test circuit of Figure L.2 is from IEC 60990:2016, Figure 5.
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Key
	RS
	1 500 Ω
	R3
	20 kΩ

	RB
	500 Ω
	C2
	0,006 2 μF

	CS
	0,22 μF
	C3
	0,009 1 µF

	R2
	10 kΩ
	
	


Figure L.2 – Measuring instrument 2
L.3     Measuring instrument 3
Electrical measuring instruments shall have adequate bandwidth to provide accurate readings, taking  into  account  all  components (DC,  AC  mains  supply  frequency, high  frequency and harmonic content) of the parameter being measured. If the RMS value is measured, care shall be taken that measuring instruments give true RMS readings of non-sinusoidal waveforms as well as sinusoidal waveforms.

Voltmeter or oscilloscope (RMS or peak reading) input resistance: > 1 MΩ

Input capacitance: < 200 pF
Frequency range: 15 Hz up to 1 MHz (appropriate for the highest frequency of interest)

Annex M
(normative)
Test probes for determining access
Figure M.1 to Figure M.4 are reproduced from IEC 61032:1997.

These test probes are used for the non-accessibility test in 5.2.2.2. All dimensions in Figure M.1 to Figure M.4 are in millimetres.
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Figure M.1 – Sphere 50 mm probe according to IEC 61032:1997, test probe A
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Material: metal, except where otherwise specified.
Tolerance on dimensions when no specific tolerance is given:
– on angles: –10’

– on linear dimensions: up to 25 mm: –0,05 mm; over 25 mm: ±0,2 mm.
Both joints shall permit movement in the same plane and the same direction through an angle of 90° with a 0° to

+10° tolerance.
Figure M.2 – Jointed test finger according to IEC 61032:1997, test probe B
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Figure M.3 – Test rod 2,5 mm according to IEC 61032:1997, test probe C
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Figure M.4 – Sphere 12,5 mm test probe according to IEC 61032:1997, test probe 2
Annex N
(informative)

Guidance regarding short-circuit current
N.1     General
The purpose of Annex N is to provide further in-depth informative background pertaining to short-circuit rating of the input and output as specified in 4.3, which needs to be considered during single fault conditions and abnormal operating conditions as specified in 4.2.

Internal short-circuits in a PECS, either through component failure or through human error, can lead to significant damage to the PECS and immediate potential danger based on the high prospective short-circuit current that can flow when the PECS is connected to an AC or DC mains supply.

The damage in a circuit exposed to a high prospective short-circuit current is mainly due to the very high level of mechanical stress, generated by  the magnetic field and by the extreme thermal rise in the circuit and in its components.
The analysis of single fault conditions and abnormal operating conditions, as specified in 4.2, relies heavily on the internal design of the PECS as well as on some external parameters.

While the internal design is in full control of the manufacturer, the external parameters depend on the circuit characteristics of the installation. Especially, the prospective short-circuit current of the installation is of importance and needs to be taken into account for each installation.
The prospective short-circuit current of the installation indicates the amount of energy available from the installation during a failure in the product. Without any limiting devices, the available energy will increase with higher prospective short-circuit current, and the risk of fire, mechanical hazard, electric shock or other hazard (see 4.2) will increase during a failure.

One of the following two options for short-circuit ratings is to be specified for each input mains supply port of a PECS (see also 4.3.1).

Option 1 as specified in 4.3.2.2:

      conditional short-circuit current (Icc);
      minimum required prospective short-circuit current (Icp,mr);

      characteristics or type of the short-circuit protective device. Option 2 as specified in 4.3.2.3:

      rated short-time withstand current (Icw);
      associated duration (ms);
      rated peak withstand current (Ipk).
The prospective short-circuit current is characterised by two parameters:


the peak current which is the maximum current, which potentially flows during a short-circuit of negligible impedance;
      the electrical energy (I2t) generated by the RMS current (IRMS) together with the duration

(ms, s) of the short-circuit.
The effect of the peak current and I2t is mainly related to the following two physical risks.


Hazardous mechanical forces due to the generated magnetic fields caused by the short- circuit current, which might cause mechanical damage to bus-bars, enclosure and reduction of clearance and creepage distances. The mechanical force is proportional to the square of instantaneous short-circuit current.

NOTE   Further information about the mechanical effect of the short-circuit current can be found in IEC 60865-1.

Hazardous  energy  inside  components  leading  to  dramatic  overheating/explosions  of components,  arc  faults  and  conductive  ionization  of  the  air,  which  might  lead  to  fire, reduction  of  clearance  and  creepage  distances  and  destruction  of  the  enclosure.  The thermal impact, i.e. heating of conductors, is proportional to the square of RMS value of the short-circuit current.

N.2     Coordination of short-circuit current
N.2.1       General
To ensure that the PECS and the components will be able to operate safely under the available short-circuit current during a failure, the PECS and other installation components need to be designed and specified for the prospective short-circuit current at the point where it is installed.

For  the  calculation  of  the  prospective  short-circuit  currents  in  three-phase  AC  systems, IEC 60909 (all parts) provides guidance. The consequences of the short-circuit are dealt with in IEC 60865 (all parts).

N.2.2       Conditional short-circuit current (Icc) and minimum required prospective short- circuit current (Icp, mr)
N.2.2.1       General
The conditional short-circuit current (Icc) rating is defined in 4.3.2.2.

N.2.2.2       Conditional short-circuit current (Icc)
By specifying the Icc, the protection of the PECS depends on the characteristics of the short- circuit protective device (e.g. fuse or circuit breaker).

In order to reduce the fault current energy and peak current and limit the damage of the PECS and avoid a hazard, a current-limiting protective device may be used. As shown in Figure N.1, both  the  I2t   and  the  peak  current  are  limited  dramatically  due  to  the  current-limiting characteristic of the protective device. Consequently, the damage and the risk of a hazard are significantly reduced. See Clause N.3 for more information.
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Figure N.1 – Example of short-circuit current curve under specification of Icc
Coordination of the PECS with the specified upstream SCPD is typically performed by the installer, to ensure that the SCPD  will be able to interrupt the fault current in a safe manner in case of a short-circuit.

N.2.2.3       Minimum required prospective short-circuit current (Icp,mr)
Depending on the characteristic of the short-circuit protective device, a minimum current during a failure is needed to ensure a proper operation of the short-circuit protective device.
While the maximum prospective short-circuit current results in the highest fault current, but ensures the shortest operating time of the short-circuit protective device, the minimum prospective short-circuit  current  results  in  a  lower  fault  current,  but  a  significantly  longer operation time and consequently an increasing I2t during the fault.

The manufacturer should be able to show that the PECS and the specified SCPD have been successfully tested with the specified minimum required prospective short-circuit current.
A manufacturer can specify a maximum and minimum required prospective short current anywhere within the trip curves of the SCPD. However, this selection impacts the operation of the SCPD and the amount of energy released during a fault.

To ensure a sufficiently low I2t value and a quick operation of the SCPD, it is recommended to select a minimum required prospective short-circuit current in the instananeous tripping or in the  current-limiting  area  of  the  characteristics  of  a  selected  SCPD.  See  Figure N.2  and Figure N.3.
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Figure N.2 – Example of tripping characteristic of a circuit breaker
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Figure N.3 – Example of tripping characteristic of a current-limiting fuse
N.2.3       Short-time withstand current (Icw)
The  short-circuit rating  is  expressed as  explained in  4.3,  and  Figure  N.4  shows  a  typical waveform.
When the application requires a high fault current capability on the output port of the PECS
(e.g. for clearing a fault at the output side of the PECS), a suitable input Icw rating is needed.
Coordination of  the  PECS  and  the  installation  is  necessary,  to  ensure  that  the  upstream protective device of the installation will be able to interrupt the short-circuit current safely. See Clause N.3 for more information.
The specification of the short-time withstand current Icw is the most flexible rating, but also the hardest achievable solution, as it requires that the PECS has to be able to handle not only a higher energy level (I2t) but also a very high peak current.
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Figure N.4 – Example of short-circuit current curve under specification of Icw
Information   about   short-circuit   currents   in   three-phase   AC   systems   is   available   in

IEC 60909-0:2016.
N.3     Guidance for specification of short-circuit current and short-circuit protective device
N.3.1       General
For the installations where the PECS is installed, the short-circuit protection is coordinated to ensure a safe interruption of a short-circuit inside the PECS.

The following overview is included for clarification for the manufacturer to create their specification:

      prospective short-circuit current (Icp);
      rated short-time withstand current (Icw);
      conditional short-circuit current (Icc);
      minimum required prospective short-circuit current (Icp,mr);

      short-circuit protective device.
In case the PECS is specified with a conditional short-circuit current (Icc) and a specified short- circuit protective device, it is ensured that

the available prospective short-circuit current of the installation has to  be between the maximum and minimum required prospective short-circuit current value of the PECS,

the short-circuit rating  of  the  protective device  has  to  be  equal to  or  greater than  the prospective short-circuit current of the installation at the terminals of the short-circuit protective device,
      a short-circuit protective device which meets the current characteristic is specified by the
PECS manufacturer, or

a specific short-circuit protective device, specified by the PECS manufacturer, is installed in front of the PECS.

In case the PECS is specified with a short-time withstand current (Icw), peak withstand current
(Ipk) and duration rating, it has to be ensured that

the rated short-time withstand current (Icw) of the PECS has to be equal to or greater than the prospective short-circuit current RMS of the installation at the terminals of PECS,


the  peak  withstand  current  (Ipk)  of  the  PECS  has  to  be  equal  to  or  greater  than  the prospective short-circuit peak current of the installation at the terminals of PECS, and

the maximum time for which the Icw is specified for the PECS has to be equal to or longer than the maximum operating time of the short-circuit protective device located upstream of the PECS.

The available prospective short-circuit current, Icp, from the mains supply is set to 50 kA in the examples showed in N.3.2 and N.3.5. Another level could have been chosen and would have worked as well.

The examples are not intended to show how a typical installation is made, nor do they show the position or numbers of breakers, switches, fuses between the mains supply and the PECS.

None of the examples are calculated and real solutions. The different current levels, durations and devices are only selected for the purpose of explanation.
N.3.2       Example 1: Two or more PECS with different ratings
Figure N.5 provides some general guidance on how to apply Icw, Ipk  and duration or Icc  and
short-circuit protective device for two or more PECS with ports installed in the same installation.
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Figure N.5 – Two PECS with different specifications
PECS  1  has  an  Icc   rating.  In  this  example,  a  fuse  with  a  specified  current  rating  and characteristic (800 A, type xx) is used for the PECS 1, but also a circuit breaker might be specified by the manufacturer. The specified short-circuit protective device can be made available as a part of the PECS or can be a part the installer needs to purchase according to the manufacturer’s Icc declaration.

PECS 2 has an Icw rating. In the installation, any type of short-circuit protective device can be used as long as it does not exceed all specified Icw ratings (RMS current, peak current ratio, Ipk/Icw and duration). In this example, a circuit breaker is used for the PECS 2, but also a fuse might be used.
N.3.3       Specification of Icc
PECS  1  is  specified  with  an  Icc  declaration  (IRMS  value,  Icp,mr,  device)  (see  Clause N.1, option 1).

      Icc = 50 kA;
      Icp,mr = 12 kA; and.
      device = 800 A fuse (manufacturer data, type, characteristic).
The Icc  declaration is based on the use of a specific short-circuit protective device (in this example, an 800 A fuse) which is required to be installed in front of PECS 1. The manufacturer has verified by test (see Clause N.4) that the PECS can withstand the rated conditional short- circuit current (Icc), for the total operation time (clearing time) of the short-circuit protective device under specified conditions.

In this example, the specified condition is as follows:


the  limitation  of  the  prospective  short-circuit  current  is  50 kA.  This  limitation  is  a manufacturer decision. The use of a short-circuit protective device could be approved for much higher Icp; however, it is a manufacturer decision to select the applicable Icp level for the design and the subsequent test; or

this Icc rating is now identical to the maximum allowable prospective short-circuit current, which the  installed PECS and  short-circuit protective device  may  be  exposed to  in  an installation.

As the operating time and current limitation characteristic depends on the applied prospective short-circuit current (Icp), it is necessary to determine the minimum required prospective short- circuit current (Icp,mr). This is to ensure the expected behaviour of the short-circuit protective device and to verify that this situation will not have any severe consequences for the PECS, as the opening time of the short-circuit protective device will increase with lower prospective short- circuit current of the mains supply. The minimum required prospective short-circuit current, Icp,mr, is also verified by test (see Clause N.4).
The device which the Icc is based on should be specified by the characteristics of the short- circuit protective device.

NOTE   The characteristic of the protective device can also  include specific manufacturer part numbers in case needed for the compliance of Icc.

N.3.4       Specification of Icw
As an example in Figure N.5, PECS 2 is specified by an Icw declaration (IRMS value, duration,

Ipk) (see Clause N.1, option 2):

      short-time withstand current = 50 kA;
      associated duration = 60 ms;
      peak withstand current ratio, Ipk/Icw = 2,1.
Based on the application intended for the PECS, the PECS manufacturer selects the required values from Table 32.

The PECS manufacturer has verified by test that the PECS can withstand the rated short-time withstand current (Icw) for the specified duration and with a specified rated peak withstand current (Ipk).
The specified Icw is equal to or higher than the available prospective short-circuit current (Icp)
at the terminals of PECS 2.
NOTE   The system integrator can choose an appropriate short-circuit protective devices based on their declared rating.
N.3.5       Example 2: One PECS with more than one rating
Figure N.6 provides some general guidance on how to specify Icw, Ipk and duration or Icc and

short-circuit protective device for one PECS with two ports installed in the same installation.
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Key
MCCB     moulded case circuit breaker

Figure N.6 – One PECS with different specification for each input mains supply port
PECS 3 has two sets of input mains supply ports, port 1 and port 2, and the design and approval is  based  on  an  Icc  declaration  for  both.  This  is  a  manufacturer  decision,  and  a  solution combining an Icc declaration on one port and a Icw declaration on the other port is also allowed.
Port 1:
Icc declaration (RMS value, Icp,mr, device):

      Icc = 50 kA;
      Icp,mr = 10 kA;
      device = 1 200 A MCCB (manufacturer data, type, characteristic).
The declarations and considerations behind the work are similar to the example of PECS 1. The Icc declaration is based on the use of a short-circuit protective device, a 1 200 A MCCB, which is required to be installed in front of PECS 3.
Port 2:
Icc declaration (RMS value, Icp,mr, device):

      Icc = 50 kA;
      Icp,mr = 15 kA;

      device = 1 500 A aR fuse (manufacturer data, type, characteristic).

The Icc declaration is based on the use of a short-circuit protective device. In this example, a

1 500 A aR fuse, which is included/incorporated in the PECS, but the considerations are similar to those explained for PECS 1.
N.3.6       Additional explanation on terms, definitions and specifications
N.3.6.1       General
N.3.6 provides some additional information about the following parameters, used as design parameters to determine required level of Icw or Icc of the PECS:

      prospective short-circuit current (Icp);

      mains supply characteristics.

N.3.6.2       Short-time withstand current (Icw)

Design  parameter and  solution for  the  PECS,  where  the  level  (kA)  is  selected by  the manufacturer based on the PECS application.


The selected level (Icw RMS) is used in test lab, where the test generator is calibrated to the selected level for Icw  testing, to simulate a maximum available prospective short-circuit current at the input of the mains supply port.

N.3.6.3       Peak withstand current (Ipk)
      Design parameter selected by the manufacturer based on the PECS application.


The selected peak current (Ipk) or ratio (Ipk/Icw) is used in test lab, where the test generator is calibrated to the selected level for Icw and Icc testing.

N.3.6.4       Duration for Icw
      Design parameter (time) selected by the manufacturer based on the PECS application.


The selected duration is used in test lab, where the test generator is adjusted and calibrated to deliver the requested current and peak for the selected duration.
N.3.6.5       Conditional short-circuit current (Icc)
      Design parameter where the solution is selected by the manufacturer based on the PECS
application and selected device.

The selected level (Icc RMS) is used in test lab, where the test generator is calibrated to the selected level for Icc  testing, to simulate a maximum available prospective short-circuit current at the input of the mains supply port.

N.3.6.6       Minimum required prospective short-circuit current (Icp,mr)
      Design parameter selected by the manufacturer.

      Derived  consequence  of  the  selected  short-circuit  protective  device  and  the  available

prospective short-circuit current.

The selected level (Icp,mr) is used in test lab, where the test generator is calibrated to the selected level for Icp,mr testing, to simulate a minimum available prospective short-circuit current at the input of the port.

N.4     Short-circuit rating and single fault conditions testing
N.4.1       General
As mentioned in Clause N.1, the PECS has to be able to fail safely under the specified maximum and minimum short-circuit current. This includes the following tests:

      conduct output short-circuit test according to 5.2.4.4;

      conduct protective equipotential bonding short-circuit withstand test according to 5.2.3.11.3;

      conduct breakdown of component tests according to 5.2.4.6;


conduct short-time withstand current (Icw) test according to 5.2.4.4.3. See Figure N.7.

[image: image171.png]


Design of short-circuit capability rating
Design the PECS according to Clause 4 to fail safely during single fault conditions
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Provide failure analysis according to clause 4.2 for components, insulation failures and short circuit of input/output ports
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ICC

Select between ICC
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or ICW according to
4.3

ICW
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Specify conditional short-circuit current in forms of ICC and characteristics of SCPD according to 4.3.2.2

Specify short-time withstand current in forms of ICW, duration and Ipk according to 4.3.2.3
	Specify minimum required short-circuit current in form of ICP,mr according to
4.3.2.2

	and
	and

	
	
	


	Conduct
output short-circuit test according to 5.2.4.4 under specified maximum short- circuit capability a
	
	Conduct breakdown of component test according to 5.2.4.6 under specified maximum short-circuit capability a

	
	
	

	
	


Conduct
protective equipotential bonding short-circuit withstand test according to 5.2.3.11.3 under specified minimum short-circuit capability a, b, c
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Conduct
short time withstand strength test according to
5.2.4.4.3 under specified maximum short-circuit capability b
Conduct
protective equipotential bonding short-circuit withstand test according to 5.2.3.11.3 under specified maximum short-circuit capability a, b
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Test passed                        No
?
Yes
Specify short-circuit capability and output short- circuit current of the PECS according to 6.2.1.4
a      Acceptance criteria for Icc according to 5.2.4.2.

b      Acceptance criteria for Icw according to 5.2.4.4.3.3.

c      Not applicable when Icw is used.

Figure N.7 – Flowchart for classification of Icc or Icw
N.4.2       Exemption from short-time withstand current testing
N.4.2.1       General
Product  committees  can  consider  if  special  exemptions  are  applicable  for  their  products considering specific application. The following exemptions may be used in their evaluation.
Exemptions from short-time withstand current testing applies to

      PECS with declared Icw or Icc not exceeding 10 kA,

      PECS protected by current-limiting protected devices having a cut-off current not exceeding
17 kA with the maximum allowable prospective short-circuit current at the terminals of the

incoming circuit of the PECS,
      PECS  intended to  be  supplied from transformers whose rated power does  not  exceed
10 kVA per phase for a rated secondary voltage of not less than 110 V, or 1,6 kVA per phase

for a rated secondary voltage less than 110 V, and whose short-circuit impedance is not less than 4 %, and
      PECS for which a more onerous variant has passed the test requirements of 5.2.4.4.3.

For guidance on how to determine when a PECS is a variant of a more onerous PECS, refer to

IEC 61439-1:2020, 10.11.3 and Table 13 (check list) or 10.11.4 (calculation).

The exemption conditions in N.4.2.1 above align this document with IEC 61439-1:2020, 10.11.2, which should be considered.

N.4.2.2       Special consideration
In case where the fault current path includes semiconductor devices, the above exemptions might not be valid (see Clause N.1).

The compliance of criteria 5.2.4.2 requires that the PECS and its components should remain safe during and after the test. A reduction of the functionality (e.g. PECS can become fully non- functional) is permissible.

N.5     Guideline for short-circuit analysis
The short-circuit analysis considers, but not limited to, the following:

      I2t breakdown ratings of conductors and components;
      identification of fault current path and impedance in the PECS;

      possibility and extent of cascading failures;

nature of failure with respect to physical location (e.g. proximity to other critical components, barriers, clearances, creepage distances, vent openings);

      identification of all energy sources (mains supply, capacitors, motor, etc.) in the circuit;

      for mains supply, power circuit configuration and grounding (wye, delta, IT, etc.);

      enclosure (size, material, structure, openings, etc.);
      types and ratings of the short-circuit protective devices specified to be used with the PECS;


specified linearity of current-limiting components (external and internal) with respect to available fault current;

      effect of multiple ratings of the PECS (relationship of power rating and voltage);

      variation in components within PECS family;

maximum  variation  of  mains  supply  impedance,  frequency,  voltage  with  respect  to specified/published product applications (use of transformer, phase reactor etc.).
Testing may be necessary to validate the portion of the analysis.

Annex O
(informative)

Guidelines for determination of clearance and creepage distances
O.1     Guideline for determination of clearances
Determination of system voltage in 4.4.7.1.7 considering: Supply system earthing. See 4.4.7.1.5
System voltage for mains supply. See 4.4.7.1.7.1
System voltage for non-mains supply. See 4.4.7.1.7.2


Determination of working voltage (recurring peak)

See 4.4.7.1.2, Annex A, cl. A.5

Determination of overvoltage category (OVC).
See 4.4.7.1.4
Determination of impulse withstand voltage and temporary overvoltage. See 4.4.7.1.6, Table 7 and 4.4.7.2.3, 4.4.7.2.4
Pollution degree 4.4.7.1.3, Table 6
Determination of clearance
See 4.4.7.4.1, Table 8 and Annex D


>30 kHz?


Yes
No
See
4.4.7.6, 4.4.7.8.4, 4.4.7.8.5,

4.4.7.8.4.3, 4.4.7.9

Yes


Coating, potting or cemented joints?



See 4.4.7.5.2, Annex F, cl, F.2.1
[image: image182.png]


No
Functional insulation?

Yes


See 4.4.7.3, 4.4.7.7
No
See 4.4.7.4.4

Yes


Homogeneous field conditions?

No
Reinforced insulation?

Yes


See 4.4.7.4.2
See 4.4.7.4.3, Table E.1


Yes

No
>2 000 m?

No
Final clearance
Figure O.1 – Flowchart for determination of clearance
O.2     Guideline for determination of creepage distances
Determination of working voltage, see 4.4.7.1.2
PWB and other insulators (4.4.7.5.1)                     Components 4.4.7.7, Annex D, D.1
Pollution degree, see 4.4.7.1.3, Table 6
Dimensioning of creepage distance, see 4.4.7.5.2, Table 9
See
4.4.7.5.2, Annex F, F.3

Yes


>30 kHz?

No
More than
one material or PD or cemented joints



Yes

See
Annex D, D.1 and 4.4.7.9
See
4.4.7.6, 4.4.7.8.5, 4.4.7.8.4.3


Yes

No
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Coating or

Potting?
No
Functional insulation?


Yes


See
4.4.7.3, 4.4.7.7
See
4.4.7.5.2


Yes

No
Reinforced insulation?
No
Creepage distance <
clearance?

Yes

Increase creepage distance to

clearance, see 4.4.7.5.2
No
Final creepage distance
Figure O.2 – Flowchart for determination of creepage distance
O.3     Minimum spacings within solid insulation or similar
Source: IEC 60664-3:2016; 4.4.
For type 2 protection, the spacing between the conductors before the protection is applied should not be less than the values as specified in Table O.1. These values apply to basic insulation, supplementary insulation as well as reinforced insulation. These values may also be applied to functional insulation.

The determined maximum peak value of the voltage from 4.4.7.4 (crest value of temporary overvoltage or recurring peak of working voltage) should be used as input to Table O.1.

Table O.1 – Minimum spacings within solid insulation or similar
	Maximum peak value of any voltage a
kV
	Minimum spacings
mm

	≤ 0,33
	0,01

	> 0,33 and ≤ 0,4
	0,02

	> 0,4 and ≤ 0,5
	0,04

	> 0,5 and ≤ 0,6
	0,06

	> 0,6 and ≤ 0,8
	0,1

	> 0,8 and ≤ 1,0
	0,15

	> 1,0 and ≤ 1,2
	0,2

	> 1,2 and ≤ 1,5
	0,3

	> 1,5 and ≤ 2,0
	0,45

	> 2,0 and ≤ 2,5
	0,6

	> 2,5 and ≤ 3,0
	0,8

	> 3,0 and ≤ 4,0
	1,2

	> 4,0 and ≤ 5,0
	1,5

	> 5,0 and ≤ 6,0
	2

	> 6,0 and ≤ 8,0
	3

	> 8,0 and ≤ 10
	3,5

	> 10 and ≤ 12
	4,5

	> 12 and ≤ 15
	5,5

	> 15 and ≤ 20
	8

	> 20 and ≤ 25
	10

	> 25 and ≤ 30
	12,5

	> 30 and ≤ 40
	17

	> 40 and ≤ 50
	22

	> 50 and ≤ 60
	27

	> 60 and ≤ 80
	35

	> 80 and ≤ 100
	45


	Source: IEC 60664-3:2016, Table 1. Linear interpolation is permitted.
a      Transient overvoltages are disregarded since they are unlikely to degrade the
protected assembly.


Annex P
(informative)

Protection of persons against electromagnetic fields for frequencies from 0 Hz up to 300 GHz
P.1     General influence of electromagnetic fields to persons
P.1.1       General
(source: World Health Organisation)
Exposure to electromagnetic fields is not a new phenomenon. However, during the 20th century, environmental exposure to man-made electromagnetic fields has been steadily increasing as growing electricity demand, ever-advancing technologies and changes in social behaviour have created more and more artificial sources. Everyone is exposed to a complex mix of weak electric and  magnetic  fields,  both  at  home  and  at  work,  from  the  generation and  transmission of electricity, domestic appliances and industrial equipment, to telecommunications and broadcasting.

Tiny electrical currents exist in the human body due to the chemical reactions that occur as part of the normal bodily functions, even in the absence of external electric fields. For example, nerves  relay  signals  by  transmitting  electric  impulses.  Most  biochemical  reactions  from digestion to brain activities go along with the rearrangement of charged particles. Even the heart is electrically active – an activity that your doctor can trace with the help of an electrocardiogram.
P.1.2       Low-frequency electric fields effects (1 Hz to 100 kHz)
Low-frequency electric fields influence the human body just as they influence any other material made up of charged particles. When electric fields act on conductive materials, they influence the distribution of electric charges at their surface. They cause current to flow through the body to the ground.
P.1.3       Low-frequency magnetic fields effects (1 Hz to 100 kHz)
Low-frequency magnetic fields induce circulating currents within the human body. The strength of these currents depends on the intensity of the external magnetic field. If sufficiently large, these currents could cause stimulation of nerves and muscles or induce visual sensations, so- called magnetophosphenes.

P.1.4       Low-frequency electric and magnetic fields effects
Both electric and magnetic fields induce voltages and currents in the body but even directly beneath a high voltage transmission line, the induced currents are very small compared to thresholds for producing electric shock and other electrical effects.

P.1.5       High-frequency electromagnetic fields effects (100 kHz to 300 GHz)
Heating of tissue is the main biological effect of the electromagnetic fields with frequencies greater than 100 kHz up to 300 GHz. In microwave ovens, this fact is employed to heat food. The levels of radiofrequency fields to which people are normally exposed are very much lower than those needed to produce significant heating. The heating effect of radio waves forms the underlying basis for current high frequency guidelines.

P.1.6       Current knowledge on low-level effects
Scientists are also investigating the possibility that effects below the threshold level for body heating occur as a result of long-term exposure. Independent international expert bodies claim that the overall evaluation of all the research on high frequency fields leads to the conclusion that high frequency exposure below the thermal threshold is unlikely to be associated with adverse health effects.

P.1.7       Biological effects versus adverse health effects
Biological effects are measurable responses to a stimulus or to a change in the environment. These changes are not necessarily harmful for the health of persons. For example, listening to music, reading a book, eating an apple or playing tennis will produce a range of biological effects. Nevertheless, none of these activities is expected to cause health effects. The body has sophisticated mechanisms to adjust to the many and varied influences we encounter in our environment. Ongoing change forms a normal part of our lives. But, of course, the body does not possess adequate compensation mechanisms for all biological effects. Changes that are irreversible and stress the system for long periods of time may constitute a health hazard.

An adverse health effect causes detectable impairment of the health of the exposed individual or of his or her offspring; a biological effect, on the other hand, may or may not result in an adverse health effect.

It is not disputed that electromagnetic fields above certain levels can trigger biological effects. Experiments with healthy volunteers indicate that short-term exposure at the levels present in the environment or in the home do not cause any apparent detrimental effects. Exposures to higher levels that might be harmful are restricted by national and international guidelines. The current debate is centred on whether long-term low level exposure can evoke biological responses and influence people's well being.

P.1.8       Influence of EMF on passive and active medical implants
Electromagnetic  fields  can  influence  passive  and  active  medical  implants  through  field exposure. Passive conductive implants can be heated by eddy currents induced by external fields. The function of active medical implants, for example cardiac pacemakers, can be influenced by external fields. As interference effects might occur even at exposure levels below the  general  public  exposure  limit  values,  special considerations have  to  be  taken  for  the protection of patients with active or passive medical implants.

P.2     Requirements from ICNIRP LF guidelines against exposure to EMF
P.2.1       Adoption of exposure limits from ICNIRP P.2.1.1        General
Recommendations on  human  exposure  to  EMF  have  been  published  by  the  International Commission on Non-Ionizing Radiation Protection (ICNIRP). Guidance in Annex P is based upon
      ICNIRP’s EMF Guidelines for limiting exposure to time‑varying electric and magnetic fields
(1 Hz – 100 kHz) published in 2010 which provide limits from 1 Hz up to 10 MHz;

ICNIRP’s   Guidelines   for   limiting   exposure   to   time-varying   electric,   magnetic   and electromagnetic fields (up to 300 GHz) published in 1998 which provide limits from 0 Hz up to 300 GHz where the values from 0 Hz to 1 Hz are used; and
      European workers Directive 2013/35/EU which provide limits for static magnetic fields.

However, due to experience based on EMC tests, emission of electromagnetic fields above

10 MHz is not considered relevant for PECS. Therefore, Annex P provides limits for frequencies from 0 Hz up to 10 MHz.

ICNIRP recommends a two-step system of limit values. The basic restrictions in ICNIRP and in the European workers Directive 2013/35/EU for low frequency exposure are based on induced electric fields inside the human body. These basic restrictions already contain a sufficient safety factor to the actual adverse health effects threshold. As these basic restrictions are not measurable and only computable with great efforts, ICNIRP and the European workers Directive

2013/35/EU  derived  easily  measurable  reference  values  in  terms  of  external  electric  or magnetic fields. Compliance with these reference values ensures compliance with the basic restrictions even under worst case exposure situations.

The  safety  concept  described  in  Annex P  is  based  on  the  reference  values  only.  This specification adds a significant amount of conservatism to the already conservative ICNIRP and the European workers Directive 2013/35/EU approach. In addition, the safety concept described in Annex P are based on reference values for the whole body exposure only. Compliance with the whole body reference values implies compliance with the less restrictive reference values for limbs and extremities.

When PECS are de-energized, no electromagnetic fields exceeding the limits of Table P.1 or Table P.2 are expected, except where permanent magnets are part of the PECS. In this case, the limits of Table P.3 shall be taken into account.

P.2.1.2        EMF Limits during operation
The limits of Table P.1 and Table P.3 are applicable for continuous exposure.

Where fields are produced by switching waveforms within the PECS, multiple frequencies will be present simultaneously. In this case, a weighted peak summation of the spectrum according to ICNIRP guidelines or equivalent shall be used for evaluation of the field exposure with respect to the limit.
Table P.1 – Limits of EMF for general public exposure
	Frequency range
	Electric field strength
[kV/m]
	Magnetic field strength
[A/m]
	Magnetic flux density
[T]

	0 Hz to 1 Hz a
	--
	3,2 × 104
	4 × 10−2

	1 Hz to 8 Hz
	5
	3,2 × 104/f2
	4 × 10−2/f2

	8 Hz to 25 Hz
	5
	4 × 103/f
	5 × 10−3/f

	25 Hz to 50 Hz
	5
	1,6 × 102
	2 × 10−4

	50 Hz to 400 Hz
	2,5 × 102/f
	1,6 × 102
	2 × 10−4

	400 Hz to 3 kHz
	2,5 × 102/f
	6,4 × 104/f
	8 × 10−2/f

	3 kHz to 10 MHz
	8,3 × 10−2
	21
	1 × 10−5

	–    f in Hz.

–    values are valid for sinusoidal frequency exposure.

Values are taken from ICNIRP guidelines for limiting exposure to time‑varying electric and magnetic fields (1 Hz
– 10  kHz) published in 2010, Table 4, Reference levels for general public exposure to time-varying electric and
magnetic fields (unperturbed RMS values).

a
Values  are  taken  from  ICNIRP  guidelines  for  limiting  exposure  to  time-varying  electric,  magnetic  and electromagnetic  fields  (up  to  300  GHz)  published  in  1998,  Table  7,  Reference  levels  for  general  public exposure to time-varying electric and magnetic fields (unperturbed RMS values).


Table P.2 – Limits of EMF for occupational exposure
	Frequency range
	Electric field strength
[kV/m]
	Magnetic field strength
[A/m]
	Magnetic flux density
[T]

	0 Hz to 1 Hz a
	--
	1,63 × 105
	0,2

	1 Hz to 8 Hz
	20
	1,63 × 105/f2
	0,2/f2

	8 Hz to 25 Hz
	20
	2 × 104/f
	2,5 × 10−2/f

	25 Hz to 300 Hz
	5 × 102/f
	8 × 102
	1 × 10−3

	300 Hz to 3 kHz
	5 × 102/f
	2,4 × 105/f
	0,3/f

	3 kHz to 10 MHz
	1,7 × 10−1
	80
	1 × 10−4

	– f in Hz.

– Values are valid for sinusoidal frequency exposure.

Values are taken from ICNIRP guidelines for limiting exposure to time‑varying electric and magnetic fields (1 Hz
– 10  kHz) published in 2010, Table 3, Reference levels for occupational exposure to time-varying electric and
magnetic fields (unperturbed RMS values).

a
Values  are  taken  from  ICNIRP  guidelines  for  limiting  exposure  to  time-varying  electric,  magnetic  and electromagnetic fields (up to 300 GHz) published in 1998, Table 6, Reference levels for occupational exposure to time-varying electric and magnetic fields (unperturbed RMS values).


Table P.3 – Limits for magnetic flux density of static magnetic fields (2013/35/EU)
	Potential hazards
	Magnetic flux density
[mT]

	Interference with active implanted devices, for example cardiac pacemakers
	0,5

	Attraction and projectile risk due to permanent magnets
	3

	Values are taken from European Directive 2013/35/EU – electromagnetic fields, Table B4 ALs for magnetic flux density of static magnetic fields


P.2.2       Limits of EMF exposure for transportation and storage
During transport and storage, the PECS is de-energized; however; the limits of Table P.3 apply.

Information should be provided to ensure protection of persons:

      the required distance in product package as well as without package; or
      other mean.

P.3     Protection of persons against exposure of EMF
P.3.1       General
In Clause P.3, the limits from ICNIRP in P.2.2 are adopted to match the conditions of PECS.

The following conditions have to be taken into account:

      normal operating conditions and abnormal operating conditions in
–    general public access areas; and
–    general access areas, service access areas and restricted access areas;

      passive and active implants;

      transportation and storage.
Due to experience based on EMC tests, emission of electromagnetic fields above 10 MHz is considered not relevant for PECS.
For requirements, see P.3.2, P.3.3 or P.3.4. For compliance, see P.3.4

For marking, see Clause P.5.

P.3.2       EMF requirements for general public access areas
During normal operating conditions and abnormal operating conditions, pluggable enclosed
PECS intended to be used in general public access areas should not exceed the limits from
a)  Table P.1 to protect persons with and without passive implants; and

b)  Table P.3 to protect persons with active implants (cardiac pacemaker).

NOTE   Some countries have individual limits, for example Germany with 0,1 mT/50 Hz for active implants in the
26.BIschV (Bundesimmisionsschutz Verordnung der Bundesrepublik Deutschland).

The limits are valid at a distance of 0 cm from the surface of the PECS.

For permanently connected PECS, means may be required in the documentation to meet the requirements.

P.3.3       EMF requirements for general access areas, service access areas and
restricted access areas
During normal operatung conditions and abnormal operating conditions, enclosed PECS intended to be used in general, service and restricted access areas should not exceed the limits from

a)  Table P.2 to protect persons with and without passive implants; and

b)  Table P.3 to protect persons with active implants (cardiac pacemaker) if applicable. The limits are valid at a distance of 25 cm from the surface.

For  open  type  PECS,  information  about  means  for  protection  should  be  provided  in  the documentation, for example use of ferrous metal switchgear cabinets or distance.
NOTE   Non ferrous enclosures provide no protection against EMF.

P.3.4       EMF requirements for transportation and storage
During transport and storage, the PECS is de-energized; however, the limits from Table P.3 apply when permanent magnets are provides as part of the PECS.

The limits are valid at a distance of 25 cm from the surface, packed or unpacked. The force due to static magnetic fields should be taken into account.

P.4     Electromagnetic fields (EMF) test (type test)
P.4.1       General test set up for EMF
When required in 5.2.8 and P.3.1, P.3.3 or P.3.4, calculation, simulation or tests according to Table P.4 should be performed in a distance from the floor to cover the body of the person to protect, and the PECS is energized, to demonstrate compliance with the requirements.

In known applications, typical length of physical presence of persons may be taken into account. See IEC 62311:2019 or EN 12198 (all parts) for more information.

P.4.2       EMF test (type test)
Calculation, simulation or tests should be performed according to Table P.4.

Table P.4 – EMF test overview
	Access area
	Requirements
	Other means permitted

	General public access
	Table O.1 and Table P.3
	No

	General access areas, service
access areas and restricted access areas
	Table P.2and Table P.3
	Yes, e.g. distances or time limitation

	Transportation and storage
	Table P.3
	Yes, e.g. distances or time limitation


P.5     Electromagnetic fields (EMF) marking
When required in P.3.1, P.3.2 or P.3.3, the PECS shall be marked with the symbol ISO 7010– W001:2011-05 or ISO 7000-0434:2006-12 (see Table C.1) and the documentation shall provide the following information.

When required in P.3.1, the documentation should provide the following information. For operation:

      the claimed level of protection according to the applicable Table P.1, Table P.2 or Table P.3;

      other required mean in the installation, for example distance or time limitation; and
      the magnetic field strength and flux density of permanent magnets if provided. For transport and storage:
      required distances in product package as well as without package; or
      other required mean; and
      handling information due to the force caused by the static magnetic field.

Annex Q
(informative)

Maximum disconnection times
For    information,    411.3.2    below    was    reproduced    from    IEC 60364-4-41:2005    and
IEC 60364-4-41:2005/AMD1:2017.

NOTE   The clause numbering of this Annex Q is taken from the source standard and cannot be modified.

411.3.2   Automatic disconnection in case of a fault
411.3.2.1   A protective device shall automatically switch off the supply to the line conductor of a circuit or equipment in the event of a fault of negligible impedance between the line conductor and an exposed-conductive-part or a protective conductor in the circuit or equipment within the disconnection time required in 411.3.2.2, 411.3.2.3 or 411.3.2.4.
The device shall be suitable for isolation of at least the line conductor(s).

411.3.2.2   The  maximum disconnection time  stated in  Table 41.1 shall be  applied to  final circuits with a rated current not exceeding
      63 A with one or more socket-outlets, and
      32 A supplying only fixed connected current-using equipment.
NOTE 1   "fixed connected" in IEC 60364-4-41 is equivalent to "permanently connected" in this standard. NOTE 2   "protective conductor" is equivalent to "PE conductor" in this standard.
NOTE 3   "line" is is equivalent to "phase" in this standard.

Table 41.1 – Maximum disconnection times
	System
	50 V < Uo ≤ 120 V
s
	120 V < Uo ≤ 230 V
s
	230 V < Uo ≤ 400 V
s
	Uo > 400 V
s

	
	AC
	DC
	AC
	DC
	AC
	DC
	AC
	DC

	TN
	0,8
	--a
	0,4
	1
	0,2
	0,4
	0,1
	0,1

	TT
	0,3
	--a
	0,2
	0,4
	0,07
	0,2
	0,04
	0,1

	Where in TT systems the disconnection is achieved by an overcurrent protective device or short-circuit protective device and the protective equipotential bonding is connected with all extraneous-conductive-parts within the installation, the maximum disconnection times applicable to TN systems may be used.
Uo is the nominal AC or DC line to earth voltage.

	NOTE   Where disconnection is provided by an RCD see Note to 411.4.4, Note 4 to 411.5.3 and Note to 411.6.4 b)

	a      Disconnection may be required for reasons other than protection against electric shock.


411.3.2.3   In TN systems, a disconnection time not exceeding 5 s is permitted for distribution circuits, and for circuits not covered by 411.3.2.2.
411.3.2.4   In TT systems, a disconnection time not exceeding 1 s is permitted for distribution circuits and for circuits not covered by 411.3.2.2.
Annex R
(informative)

Risk assessment according to IEC Guide 116
R.1     General
The purpose of this Annex R is to provide the user of this document with an overview about potential hazards according to IEC Guide 116.

This overview might be useful for the user during the risk evaluation according to 4.2.

If a hazard is present but risk mitigation of this hazard is not covered by this document, other standards, publications or literature describing available state-of-art knowledge should be used.
R.2     Risk assessment
Table R.1  provides  information  to  the  user,  which  risk  is  covered  in  this  document  and requirements and tests are given to minimize the hazards.

Table R.1 – Risk assessment
	Requirement
	Relevant yes/no?
	Fulfilled by

	A.2   Preliminary observations
	Yes
	Application of IEC Guide 116:2018, Annex A

	A.3   Safety integration
	Yes
	Application of IEC Guide 116, in particular application of the "3-step-method":

–     inherent design measures;

–     protective measures;

–     user information.

	A.4   Protection against electrical hazards
	
	4.1, 4.2, 4.4, 4.5, 4.8, 4.9, 4.11, 4.12, 4.13, Annex A, Annex D, Annex E, Annex F,

Annex M

	Leakage current
	Yes
	4.4.4.3.3, 4.4.5.5, 4.4.8

	Energy supply
	Yes
	4.4.7.1, 4.4.7.2, 4.8

	Stored charges
	Yes
	4.4.9, 4.5

	Arcs
	Yes
	4.4.7.8.2

	Electric shock
	Yes
	4.4.1 to 4.4.9, 4.11, 4.12, 4.13, Annex A, Annex D, Annex E, Annex F, Annex M

	Burns (DC and high frequency)
	Yes
	4.4.4.4, 4.4.5.5

	A.5   Protection against mechanical hazards
	
	4.1, 4.2, 4.7, 4.9, 4.12

	Instability
	Yes
	4.12.5

	Break-down during operation
	Yes
	4.12.1 to 4.12.4

	Falling or ejected objects
	Yes
	4.4.3.3, 4.6.3.3.1, 4.7.3.3

	Inadequate surfaces, edges or corners
	Yes
	4.7.4

	Moving parts, especially where there may be variations in the rotational speed of parts
	Yes
	4.7.3

	Vibration
	Yes
	4.9

	Improper fitting of parts
	Yes
	4.11.6

	A.6   Protection against other hazards
	
	4.1, 4.2, 4.10, 4.14

	A.6.2   Explosion
	No
	


	Requirement
	Relevant yes/no?
	Fulfilled by

	A.6.3   Hazards arising from electric, magnetic, and electromagnetic fields, other ionising and non-

ionising radiation
	Yes
	4.14, Annex P

	A.6.4   Electric, magnetic, and electromagnetic disturbances
	Yes
	Not covered

	A.6.5   Optical radiation
	No
	

	A.6.6   Fire
	Yes
	4.6.1 to 4.6.3

	A.6.6.1   Break down of components

(single fault condition)
	Yes
	4.2, 4.6.5

	A.6.6.2   Short-circuit and overload protection
(single fault condition)
	Yes
	4.2, 4.3

	A.6.7   Temperature
	Yes
	4.6.4

	A.6.8   Acoustic noise
	Yes
	4.10

	A.6.9   Biological and chemical effects
	Yes
	4.9

	A.6.10   Emissions, production and/or use of
hazardous substances (e.g. gases, liquids, dusts, mists, vapour)
	No
	

	A.6.11   Unattended operation
	Yes
	6.5.3

	A.6.12   Connection to and interruption from power supply
	Yes
	4.2, 4.3, 4.4.4.4, 4.4.8, 4.8, 4.11

	A.6.13   Combination of PECS and specified
accessories
	Yes
	4.1, 4.2, 4.4.2.5

	A.6.14   Implosion
	No
	

	A.6.15   Hygiene conditions
	No
	

	A.6.16   Ergonomics
	Yes
	

	A.7   Functional safety and reliability
	No
	

	A.7.2   PECS design
	No
	

	A.7.3   Type related hazards
	No
	

	A.7.4   System faults
	No
	

	A.8   Safety-related security
	No
	

	Allocate the requirements 1) to 3) to the categories a) to d) taking into account the foundational
requirements I. to V.
	No
	

	a)   Protection against casual or coincidental violation
	No
	

	b)   Protection against intentional violation using simple means with low resources, generic skills and low motivation
	No
	

	c)   Protection against intentional violation using sophisticated means with moderate resources,

specific skills related to the considered PECS and moderate motivation
	No
	

	d)   Protection against intentional violation using sophisticated means with extended resources,

specific skills related to the considered PECS and high motivation
	No
	

	A.9   Information requirements
	Yes
	6.1 to 6.5

	Source:   IEC Guide 116:2018, Table D.1.
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Annex S
(informative)

Guidance to product technical committees
Annex S gives guidance to product technical committees that are using this document as a horizontal standard to develop a product specific standard by clause number.

	4.3.1
	The product committee shall specify if the output short-circuit test is required or not.

	4.4.3
	Further means to fulfill the requirement for basic protection are given in IEC 61140:2016. Product committees may consider those means.

	4.4.4
	Further means to fulfill the requirement for fault protection are given in

IEC 61140:2016. Product committees may consider those means.

	4.4.7.1.4
	Product committees shall consider the determination of overvoltage categories for special applications.

	4.4.7.2.4
	Product committees shall determine the appropriate overvoltage category from Table 7, based on the system voltage and the maximum impulse withstand voltage likely to occur in their application. Special consideration  may  be  applicable  for  product  specific  applications, which have not been considered in this document.

	4.6.3.1
	The product committee should specify that a fire enclosure is required or not.

	Table 14
	For magnetic components, not covered by the scope of IEC 61558 (all parts), product committees may define other limits in accordance with IEC 60085 and IEC 60216 (all parts).

	4.6.4.3
	Product committees shall consider the steady state temperature limits for specific products and environmental conditions.

	6.1
	Product  committees  shall  clearly  specify  what  is  contained  in  the PECS, covered by and evaluated according to this document. This shall as a minimum cover the PEC including the load port and supply port.

	Table 36
	Where the environmental conditions are known to be lower, product committees may specify lower level or no vibration test according to Table 36. The acceptance criteria shall not be changed.

	Table 37
	Where the environmental conditions are known to be lower, product committees may specify lower level or no salt mist test according to Table 37. The acceptance criteria shall not be changed.

	Table 39
	Where the environmental conditions are known to be lower, product committees may specify lower level or no dust and sand test according to Table 39. The acceptance criteria shall not be changed.
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Basic protection 4.4.3�
�
Fault protection 4.4.4.1�
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Basic insulation 4.4.3.2�
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Supplementary insulation 4.4.4.5�
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Enhanced protection 4.4.5.1�
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Double insulation 4.4.5.2 or reinforced insulation 4.4.5.3�
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Voltage limitation Table 2�
�
Protection to surroundings Table 3�
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•   Limitation of voltage 4.4.2.2�






+�
Enhanced protection 4.4.5.1 by one of:


•   Double insulation 4.4.5.2;


•   Reinforced insulation 4.4.5.3;


•   Protective screen 4.4.4.7 and basic insulation 4.4.3.2; or


•   protective impedance 4.4.5.5.�
�
�
�
�
�
�
�
�
�
�
�
�
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Circuit under consideration�
To accessible parts


connected to


PE g�



To accessible parts





connected to PE a�






To adjacent circuit�
�
�






General access areas�
Service


access areas


or restricted access areas�






DVC As�






DVC B�






DVC C�
�
�
For ordinary persons and


skilled persons�
For skilled persons e�
�
�
�
�



DVC As�



None b�



None b�



None b�



None b,c ,d�
Basic


protection f�
Enhanced protection�
�



DVC B�



None b�
Basic


protection�
Basic


protection h�
Basic


protection f.�



None b,c ,d�
Enhanced protection�
�



DVC C�
Basic


protection�
Enhanced protection�
Enhanced protection�
Enhanced protection�
Enhanced protection�



None b,d,e�
�



For more information on basic protection, see 4.4.3.





For more information on enhanced protection, see 4.4.5.1.





NOTE 1   This table describes the protection requirements between different galvanically separated circuits. NOTE 2   Refer to Annex A for further explanation.


NOTE 3   For DVC As, take into account the level of Table 2.





NOTE 4   See row 4 of Table A.1 for protection requirement for openings in enclosures.





a      Any connection not fulfilling 4.4.4.2, for example functionally earthed.





b      Protection is not necessary for safety, but may be required for functional reasons according to 4.4.7.3. For


DVC As circuits located in different environments, basic protection shall be used.





c	Enhanced protection is needed, if a single fault condition between circuits leads to a violation of the individual circuit’s DVC classification.





d	Basic protection is needed based on the circuit with the higher voltage, if a single fault condition between circuits leads to voltages exceeding that of the circuit with the lower voltage.





e      Enhanced protection is needed based on the circuit with the higher voltage, if a single fault condition between


DVC C circuits would result in a hazard.





f	Basic protection is sufficient, if it can be ensured that the values of DVC B are only present for a short period of time according to Figure 5 and Figure 6. Otherwise, enhanced protection is required.





g      Any connection fulfilling 4.4.4.2.





h      See 4.4.3.3.�
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Part�
Limit


°C�
�
�



(Coated) metalb�
Glass,





and


vitreous material�



Plastic and


rubber�
�
�



1�



2�



3�



4�
�
�
�
User operated devices (knobs, handles, switches, displays, etc.) which are held


continuously during normal operating conditions and single fault condition (approx. 10 s)�






55�






55�






55�






60�






65�






70�
�
User operated devices (knobs, handles,


switches, displays, etc.) which are held for short periods only, during normal operating conditions


and single fault condition (approx. 1 s)a�






60�






70�






65�






85�






75�






80�
�
Accessible parts of enclosure likely to be touched (approx. 1 s) a�



65�



75�



70�



90�



80�



85�
�
Enclosure parts where they contact building materials upon installation (continuously)�



90�
�



NOTE 1   In Table 15, the values for accessible parts are taken from IEC Guide 117:2010 (burn threshold). For short-duration contact with user operated devices, the values were reduced by 5 °C to allow for some margin. IEC Guide 117:2010 also provides values for burn thresholds for other coatings or materials.





NOTE 2   The main figures of IEC Guide 117 are reproduced in Annex J for information.�
�
a      For products intended and expected to be operated by children and elderly persons, the contact period of


IEC Guide 117:2010, Table 2, should be considered.





b      Coating of metal surfaces:





1: none (bare metal)





2: lac (50 μm)





3: porcelain enamel (160 µm)/powder (60 μm)





4: polyamide 11 or 12 (400 μm)�
�






�








�








Rated PECS input current I (RMS)





A�
Prospective test current a�
Initial asymmetric peak current ratio e (Ipk / Icw )�
Minimum duration of prospective test


f, g








ms�
�
�
I     (RMS)








A b�
Typical


power factor e�
�
�
�



I ≤ 16�
1 000  c d�
0,95�



1,42�



100�
�
�
3 000�
0,9�
�
�
�
16 < I ≤ 75�
6 000�
0,7�
1,53�
100�
�
75 < I ≤ 400�
10 000�
0,5�
1,70�
100�
�
400 < I ≤ 500�
10 000�
0,5�
1,70�
100�
�



500 < I�
20 × I or 50 kA whichever is the lower�
0,5 – 0,3 × (Icp / 20 – 500) /


2 000 or 0,2,


whichever is the higher�
(0,5 Icp / 20 + 3 150) /


2 000 or 2,2,


whichever is the lower�



100�
�
a      Prospective test current, in the context of this document, shall be understood as prospective short-circuit current


(Icp) – refer to 3.58.





b      Values compatible with IEC 60947-6-1:2021, Table 6.





c      Pluggable PECS only.





d	The typical fault current of public supply networks rated 75 A and below and intended to supply equipment with a rated current of 16 A or below can be calculated from the reference impedances in IEC TR 60725:2012: phase conductor 0,24 + j0,15 Ω and neutral conductor 0,16 + j0,10 Ω. For 230 V/400 V supplies, this results in typical fault currents of 0,5 kA (230 V) and 0,7 kA (400 V).





e      From IEC 60947-1:2020, Table 16.





f       In case a lower duration is wanted, the Icc according to 4.3.2.2 can be specifed.





g	To ensure global compatibility with external SCPD to clear the fault in the specified duration, a higher minimum duration should be considered and specified, in which case this specified time shall be used for the test. See also IEC 61439-1:2020, 5.3.4.�
�
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