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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
CONNECTORS FOR DC-APPLICATION IN PHOTOVOLTAIC SYSTEMS –  

SAFETY REQUIREMENTS AND TESTS 
 

FOREWORD 

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

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

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

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

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

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

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

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

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

International Standard IEC 62852 has been prepared by IEC technical committee 82: Solar 
photovoltaic energy systems. 

This International Standard is derived from EN 50521. 

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

FDIS Report on voting 

82/878/FDIS 82/905/RVD 

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 
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CONNECTORS FOR DC-APPLICATION IN PHOTOVOLTAIC SYSTEMS –  
SAFETY REQUIREMENTS AND TESTS 

 
 
 

1 Scope 

This International Standard applies to connectors for use in the d.c. circuits of photovoltaic 
systems according to class II of IEC 61140:2001 with rated voltages up to 1 500 V d.c. and 
rated currents up to 125 A per contact. 

This standard applies to connectors without breaking capacity but which might be engaged 
and disengaged under voltage. 

This standard also applies to connectors which are intended to be built-in or integrated in 
enclosures of devices for photovoltaic systems. This standard may be used as a guide for 
connectors in photovoltaic systems of classes 0 and III according to IEC 61140:2001 as well 
as for protection for Class II equipment intended for use at less than 50 V d.c. 

2 Normative references 

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

IEC 60050 (all parts): International Electrotechnical Vocabulary (available at 
http://www.electropedia.org)  

IEC 60060-1:2010, High-voltage test techniques – Part 1: General definitions and test 
requirements 

IEC 60068-1:2013, Environmental testing – Part 1: General and guidance 

IEC 60068-2-14:2009, Environmental testing – Part 2-14: Tests – Test N: Change of 
temperature  

IEC 60068-2-75:1997, Environmental testing – Part 2-75: Tests – Test Eh: Hammer tests  

IEC 60068-2-78:2012, Environmental testing – Part 2-78: Tests – Test Cab: Damp heat, 
steady state 

IEC 60228:2004, Conductors of insulated cables  

IEC 60309-1:1999, Plugs, socket-outlets and couplers for industrial purposes – Part 1: 
General requirements  

IEC 60352-2:2006, Solderless connections – Part 2: Solderless crimped connections – 
General requirements, test methods and practical guidance  

IEC 60352-3:1993, Solderless connections – Part 3: Solderless accessible insulation 
displacement connections – General requirements, test methods and practical guidance  

Full document details: IEC 62852 2014
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IEC 60352-4:1994, Solderless connections – Part 4: Solderless non-accessible insulation 
displacement connections – General requirements, test methods and practical guidance  

IEC 60352-5:2012, Solderless connections – Part 5: Press-in connections – General 
requirements, test methods and practical guidance 

IEC 60352-6:1997, Solderless connections – Part 6: Insulation piercing connections – General 
requirements, test methods and practical guidance  

IEC 60352-7:2002, Solderless connections – Part 7: Spring clamp connections – General 
requirements, test methods and practical guidance 

IEC 60364-7-712:2002, Electrical installations of buildings – Part 7-712: Requirements for 
special installations or locations – Solar photovoltaic (PV) power supply systems  

IEC 60512 (all parts), Connectors for electronic equipment – Tests and measurements  

IEC 60512-1:2001, Connectors for electronic equipment – Tests and measurements – Part 1: 
General 

IEC 60512-11-7:2003, Electromechanical components for electronic equipment – Basic testing 
procedures and measuring methods – Part 11-7: Climatic tests – Test 11g: Flowing mixed gas 
corrosion test  

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)  

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

IEC 60695-2-11:2014, Fire hazard testing – Part 2-11: Glowing/hot-wire based test methods - 
Glow-wire flammability test method for end-products (GWEPT) 

IEC 60695-11-10:2013, Fire hazard testing – Part 11-10: Test flames – 50 W horizontal and 
vertical flame test methods  

IEC TR 60943:1998, Guidance concerning the permissible temperature rise for parts of 
electrical equipment, in particular for terminals 

IEC 60998-2-3:2002, Connecting devices for low-voltage circuits for household and similar 
purposes – Part 2-3: Particular requirements for connecting devices as separate entities with 
insulation-piercing clamping units  

IEC 60999-1:1999, Connecting devices – Electrical copper conductors – Safety requirements 
for screw-type and screwless-type clamping units – Part 1: General requirements and 
particular requirements for clamping units for conductors from 0,2 mm2 up to 35 mm2 
(included)  

IEC 60999-2:2003, Connecting devices – Electrical copper conductors – Safety requirements 
for screw-type and screwless-type clamping units – Part 2: Particular requirements for 
clamping units for conductors above 35 mm2 up to 300 mm2 (included) 

IEC 61032:1997, Protection of persons and equipment by enclosures – Probes for verification 

IEC 61140:2001, Protection against electric shock – Common aspects for installation and 
equipment 
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IEC 61210: 2010, Connecting devices – Flat quick-connect terminations for electrical copper 
conductors –Safety requirements 

IEC 61215:2005, Crystalline silicon terrestrial photovoltaic (PV) modules – Design 
qualification and type approval  

IEC 61984:2008, Connectors – Safety requirements and tests  

IEC 62444:2010, Cable glands for electrical installations 

IEC TS 62548, Photovoltaic (PV) arrays – Design requirements 

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

ISO 4892-3, Plastics – Methods of exposure to laboratory light sources – Part 3: Fluorescent 
UV-lamps  

ISO 6988:1985, Metallic and other non organic coatings – Sulfur dioxide test with general 
condensation of moisture 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60050-581, 
IEC 60050-826, IEC 60309-1, IEC 60664-1, IEC 60999-1 and IEC 61140, as well as the 
following apply. 

3.1  
connector 
component which terminates conductors for the purpose of providing connection to and 
disconnection from a suitable mating component 

[SOURCE: IEC 60050-581:2008,  581-06-01] 

3.2  
multi-way connector 
connector with more than one contact  

Note 1 to entry: Multiple single-way connectors used in a PV-junction box are not to be regarded as a multi-way 
connector according to this standard. 

3.3  
connector under voltage  
CuV 
connector specially designed to be engaged or disengaged in normal use when live but not 
under load 

Note 1 to entry: In this standard, the term "live" is used if contacts are under an applied voltage, but not 
necessarily carrying current. The term "load" is used if a current is flowing through the contacts. 

3.4  
connector without breaking capacity 
COC 
connector which is not allowed to be engaged or disengaged in normal use when live or under 
load  

[SOURCE: IEC 60050-581:2008, 581-27-73] 
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3.5  
type of connector 

  3.5.1
free connector 
connector for attachment to the free end of a wire or cable 

[SOURCE: IEC 60050-581:2008, 581-06-12] 

  3.5.2
built-in connector 
a pre-manufactured connector that is subsequently integrated into an enclosure 

  3.5.3
integrated connector 
a connector assembly that is manufactured as an integral component during enclosure 
fabrication 

3.6  
non-rewirable connector 
connector so constructed that the cable cannot be separated from the connector without 
making it permanently useless 

[SOURCE: IEC 60309-1:1999, 2.5, modified] 

3.7  
connector for Class II equipment 
connector in which the protection against indirect contact is realised by double or reinforced 
insulation 

Note 1 to entry: Class II according to IEC 61140. 

3.8  
intended use 
application conditions of connectors which are included within the permissible rated values 
and environmental conditions and characteristics assigned by the manufacturer 

3.9  
interlock 
device, either electrical or mechanical, which prevents the contacts of a connector from 
becoming live before it is in proper engagement with its counterpart, and which either 
prevents the connector from being withdrawn while its contacts are live or makes the contacts 
dead before separation 

[SOURCE: IEC 60309-1:1999, 2.9, modified] 

3.10  
cycle of mechanical operation 
one insertion and one withdrawal of the connector with his counterpart 

3.11  
clamping unit 
part(s) of the terminal necessary for the mechanical clamping and the electrical connection of 
the conductor(s), including the parts which are necessary to ensure the correct contact 
pressure 

[SOURCE: IEC 60999-1:1999, 3.1] 
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3.12  
upper limiting temperature 
maximum temperature of a connector as defined by the manufacturer, in which the connector 
is intended to operate 

Note 1 to entry: The abbreviation ULT is often used. 

3.13  
ambient temperature 
maximum temperature of the ambient assigned from the manufacturer, in which the connector 
is able to operate permanently without the upper limiting temperature being exceeded 

3.14  
lower limiting temperature 
minimum temperature of a connector as defined by the manufacturer in which a connector is 
intended to operate 

Note 1 to entry: The abbreviation LLT is often used. 

3.15  
clearance 
the shortest distance in air between two conductive parts 

[SOURCE: IEC 60664-1:2007, 1.3.2] 

3.16  
creepage distance 
shortest distance along the surface of the insulating material between two conductive parts 

[SOURCE: IEC 60664-1:2007, 1.3.3] 

3.17  
overvoltage category 
numeral defining a transient overvoltage condition 

[SOURCE: IEC 60664-1:2007, 1.3.10] 

3.18  
pollution 
any addition of foreign matter, solid, liquid, or gaseous, that can result in a reduction of 
electric strength or surface resistivity of the insulation 

[SOURCE: IEC 60664-1:2007, 1.3.11] 

3.19  
pollution degree 
numeral characterising the expected pollution of the micro-environment 

[SOURCE: IEC 60664-1:2007, 1.3.13] 

3.20  
rated voltage 
value of voltage assigned by the manufacturer to the connector and to which operation and 
performance characteristics are referred 

Note 1 to entry: Rated voltage is equivalent to the rated system voltage according to IEC 61730-1.  

[SOURCE: IEC 60664-1:2007, 1.3.9, modified] 
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3.21  
rated insulation voltage 
r.m.s. withstand voltage value assigned by the manufacturer to the connector, characterising 
the specified (long term) withstand capability of its insulation 

Note 1 to entry: The rated insulation voltage is not necessarily equal to the rated voltage, which is primarily 
related to functional performance. 

[SOURCE: IEC 60664-1:2007, 1.3.9.1, modified] 

3.22  
rated impulse voltage 
impulse withstand voltage value assigned by the manufacturer to the connector, 
characterising the specified withstand capability of its insulation against transient 
overvoltages 

[SOURCE: IEC 60664-1:2007, 1.3.9.2, modified] 

3.23  
impulse withstand voltage 
highest peak value of impulse voltage, of prescribed form and polarity which does not cause 
breakdown of the insulation under specified conditions 

Note 1 to entry: The impulse withstand voltage is equal to or higher than the rated impulse voltage. 

[SOURCE: IEC 60664-1:2007, 1.3.8.1] 

3.24  
r.m.s. withstand voltage 
power-frequency withstand voltage 
highest r.m.s. value of a voltage which does not cause breakdown of the insulation under 
specified conditions 

[SOURCE: IEC 60664-1:2007, 1.3.8.2] 

3.25  
rated current 
current value assigned by the manufacturer, which the connector can carry continuously 
(without interruption) and simultaneously through all its contacts wired with the largest 
specified conductor, preferably at an ambient temperature of 85 °C, without the upper limiting 
temperature being exceeded 

Note 1 to entry:If other ambient temperature values are used for the definition of the rated current, the 
manufacturer should state in the technical documentation the ambient temperature on which the rating is based, 
with reference, if appropriate, to the derating curve defined in IEC 60512-5-2, test 5b. 

3.26  
functional insulation 
insulation between conductive parts which is necessary only for the proper functioning of the 
equipment 

[SOURCE: IEC 60664-1:2007, 1.3.17.1] 

3.27  
basic insulation 
insulation applied to live parts to provide basic protection against electric shock 

Note 1 to entry: Basic insulation does not necessarily include insulation used exclusively for functional purposes 
(see IEC 61140:2001, 3.10.1). 
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[SOURCE: IEC 60664-1:2007, 1.3.17.2] 

3.28  
supplementary insulation 
independent insulation applied in addition to basic insulation, in order to provide protection 
against electric shock in the event of a failure of basic insulation (see IEC 61140:2001, 
3.10.2) 

[SOURCE: IEC 60664-1:2007, 1.3.17.3] 

3.29  
double insulation 
insulation comprising both basic insulation and supplementary insulation (see 
IEC 61140:2001, 3.10.3) 

[SOURCE: IEC 60664-1:2007, 1.3.17.4] 

3.30  
reinforced insulation 
single insulation system applied to live parts, which provides a degree of protection against 
electric shock equivalent to double insulation under the conditions specified in the relevant 
IEC standard (see IEC 61140:2001, 3.10.4) 

Note 1 to entry: A single insulation system does not imply that the insulation is a homogeneous piece. It may 
comprise several layers which cannot be tested separately as basic or supplementary insulation. 

[SOURCE: IEC 60664-1:2007, 1.3.17.5] 

3.31  
internal insulation 
part of basic insulation providing the required clearance and creepage distances inside a 
conductive housing or enclosure 

4 Classification 

4.1 General 

In order to apply the relevant test requirements, connectors shall be classified by the 
manufacturer’s specification, according to their intended use under consideration of class II, 
according to IEC 61140 and characteristics, as set out below. 

4.2 Type of connector 
a) Free connector. 
b) Built-in connector. 
c) Integrated connector.  

4.3 Additional characteristics 
a) Connector with cable anchorage. 
b) IP-code of a connector according to IEC 60529. 
c) Connector for Class II equipment. 
d) Non-rewirable connector. 
e) Rewirable connector. 
f) Terminations and connection methods. 
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5 Constructional requirements and performance 

5.1 General 

This standard does not define electrical rating values for voltage and current. These values 
are assigned by the manufacturer. 

Connectors shall be suitable for durable outdoor use in an ambient temperature area from  
–40 °C to +85 °C. 

Multi-way connectors shall be designed so that these requirements for earth-faulted and 
short-circuit-proofed installation complies with IEC TS 62548 or IEC 60364-7-712. 

Compliance with the requirements is verified by the specified tests of this standard. 

5.2 Marking and identification 

 Identification 5.2.1

Connectors shall be identified and characterised by the following: 

a) manufacturer’s name, trademark or mark of origin; 
b) type reference (for example, the catalogue number); 
c) rated current in amperes (A); 
d) rated voltages or rated insulation voltages between line to earth and line to line in volts 

(V); 
e) rated impulse voltage in kilovolts (kV), if specified; 
f) pollution degree; 
g) degree of protection by enclosure according to IEC 60529; 
h) range of temperature (ULT and LLT, maximum ambient temperature); 
i) type of terminals; 
j) connectable conductors; 

NOTE For current capacity of cables and wires, see IEC 60364-5-52. 

k) reference to this standard or to the Detail Specification (DS), if applicable; 
l) symbols „Do not disconnect under load“, as given in Annex A; alternatively an adequate 

warning notice can be found in particular national language; 
m) polarity of connector, if applicable. 

 Marking 5.2.2

The marking shall be indelible and easily legible. 

The minimum marking on the connector shall be that of item a), l) and m) in 5.2.1.  

Symbol or warning notice listed in I) of 5.2.1 shall be imprinted or labelled close to connector. 
A notice to attach the label shall be given in technical documentation. 

Markings a) and b) of 5.2.1 shall be applied on the smallest package unit. 

 Technical documentation 5.2.3

Identification items of 5.2.1 not marked on the connector according to 5.2.2 and the following 
information shall be given in the technical documentation of the manufacturer: 
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a) information regarding the type of cable suitable for termination, if applicable; 
b) information regarding mounting, if applicable; 
c) assembly information such as required tooling (part number) by manufacturer, if 

applicable. 

5.3 Provision against incorrect mating (non-intermateable) 

A multi-way connector shall be so designed that contact between live contacts of different 
polarity is not possible by engagement. 

Compliance shall be tested by performing a polarisation test (see A3 of Table 6). 

5.4 Protection against electric shock 

5.4.1 A connector shall be so designed that, after mounting, its live parts are not accessible 
by the IEC test finger in accordance with IEC 60529. 

5.4.2 Protection against electric shock shall be ensured also during insertion and 
withdrawal. Compliance shall be tested by the IEC test probe 11 in accordance with 
IEC 61032. 

5.5 Terminations and connection methods 

This standard applies to the following terminations and connection methods: 

a) crimped connections according to IEC 60352-2 
b) insulation displacement connections  according to IEC 60352-3 (accessible IDC) or 

 IEC 60998-2-3 
c) insulation displacement connections  according to IEC 60352-4 (non-accessible 

 IDC) or IEC 60998-2-3 
d) press-in connections according to IEC 60352-5 
e) insulation piercing connections according to IEC 60352-6 or IEC 60998-2-3  
f) screwless-type clamping units according to IEC 60999-1 or IEC 60999-2  

 or IEC 60352-7 
g) screw-type clamping units according to IEC 60999-1 or IEC 60999-2 
h) flat, quick-connect terminations according to IEC 61210 

As a minimum the applicable tests according to 6.3.15 shall be performed for all terminations 
and connection methods intended to be used. 

Other terminations and connection methods shall be tested in accordance with the relevant 
standards. 

Soldering and welding connections are also permitted.  

Termination and connection methods shall provide sufficient means for retaining the 
conductor in position. 

Electrical connections shall be so designed that the contact pressure is not transmitted 
through insulating material other than ceramic, pure mica or other material with characteristics 
not less suitable, unless there is sufficient resiliency in the metallic parts to compensate for 
any shrinkage or yielding of the insulating material (see IEC 60309-1:1999, 25.3 or 
IEC 60999-1:1999, Clause 7 or IEC 60999-2). Insulation piercing terminations and insulation 
displacement connections are excluded from this requirement because of the tests performed 
according to IEC 60352-6 or IEC 60998-2-3.  
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Precautions shall be taken to ensure that adequate contact pressure is maintained during 
connector lifetime.  

To compensate for changes during use, (e.g. loosening at screw-type clamping units caused 
by thermal cycles) the use of a lock washer, spring washer or similar could be sufficient. 

All terminations and connection methods shall be protected from mechanical and excessive 
thermal stress which could cause increased contact resistance. 

5.6 Resistance to deterioration 

If deterioration of specific parts might impair safety, the resistance of those parts to expected 
stresses shall be verified by the execution of the test program in Clause 6. 

5.7 General design 

5.7.1 Mechanisms which are used for mounting the connector and/or termination of 
conductors shall not be used to fix live parts in the connector housing, if it may impair the 
proper function of the mechanism or reduce the clearance and creepage distances below the 
requirements according to 5.18. 

5.7.2 Connectors shall be so designed that connection of conductors of the type and cross-
sectional areas as specified by the manufacturer is possible. Besides the termination of the 
conductor, care shall be taken that no damage of the insulation is possible, e.g. by avoiding 
sharp edges. 

5.7.3  Cables connected to the connector shall be suitable for use in photovoltaic systems. 
The values of the rated current and the rated voltage shall have at least the rated values of 
the connector. Cables shall be flexible and the conductor shall be at least class 5 according to 
IEC 60228. 

5.7.4 Non-rewirable connectors shall be so designed that: 

– the flexible cable cannot be separated from the connector without making it permanently 
useless, 

– the connector cannot be disassembled or parts of it cannot be removed by hand or by 
using a general purpose tool, for example a screwdriver, as intended, 

– means are provided to prevent live parts, e.g. free strands of a conductor, from reducing 
the minimum insulation distance between such live parts and all accessible external 
surfaces of the connector, with the exception of the engagement face of the male 
connector, 

– a connector becomes useless for further use when for the re-mounting, other parts than 
the original ones are necessary, 

– connectors with non-rewirable terminations are also considered as rewirable, if they are 
reconstituted with original parts and with tools of the manufacturer, if applicable. 

If this cannot be granted by the design or manufacturing process itself, the in-process test 
schedule according to 6.4 or another test of the same safety level shall be carried out. 

5.8 Design of a free connector 

In a free connector, the wires shall be protected against shear and tensile stress at the 
termination and be secured to prevent twisting. 

This requirement does not apply to 

a) free connectors for termination to cables in fixed mountings (plug connection in the sense 
of a detachable connection), 
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b) free connectors in which the termination is protected against pull and twisting mounting 
provisions in the end-use product. 

5.9 Degree of protection (IP Code) 

A connector shall have a degree of protection at least of IP55, according to IEC 60529. 

Depending on the installation a higher degree of protection may be required. 

5.10 Dielectric strength 

A connector shall withstand the specified test voltage. Compliance is determined by the tests 
according to 6.3.8. 

5.11 Mechanical and electrical durability 

5.11.1 A connector shall meet the mechanical operations without load of 50 operating cycles. 

5.11.2 A non-rewirable connector shall withstand number of bends as described in 6.3.6.  

Compliance shall checked by the execution of tests in 6.3.5 and 6.3.6. 

5.12 Range of ambient temperature  

A connector shall withstand the upper and lower values of temperature range as given in 5.2.1 
or as specified by the manufacturer, if lower than the minimum value or higher than the 
maximum value as defined in 5.2.1. 

Compliance is determined by the tests according to test program in Clause 6. 

5.13 Temperature rise 

The sum of the ambient temperature and the temperature rise of a connector shall not exceed 
the upper limiting temperature. 

Compliance shall be checked by the execution of test 6.3.4. 

5.14 Cable anchorage 

The cable anchorage shall be suitable for the cable to be connected. The range of acceptable 
cable diameters shall be specified in the manufacturer’s specification. Tensile and torsion 
requirements shall be as specified in Table 1. 

Loose parts inserted to obtain clamping of the cable are permissible if they are fixed in the 
connector in the assembled state. 

The cable anchorage can be made of insulating material or metal. If it consists of metal, it 
shall meet one of the following requirements: 

a) be provided with a covering of insulating material to prevent any accessible metal part 
becoming live in case of a fault; 

b) no contact shall be possible with the test finger according to IEC 60529. 
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Table 1 – Values for cable anchorage testing 

Cable diameter 

mm 

Tensile requirements Torsion requirements 

Tensile force Permissible 
displacement 

Torque Permissible 
angle 

N mm Nm ° 

4 up to 9 80 
3 

0,10 
±30 

>9 up to 12 100 0,15 

>12 up to 20 120 

5 

0,6 

±45 
>20 up to 33 150 0,8 

>33 up to 42 200 0,9 

>42 250 1,2 

 

Compliance is checked by the execution of the test phase A6.1 and A6.2 of Table 6 with the 
values of Table 1.  

For metric cable glands meeting the requirements of IEC 62444 the tests described in this 
subclause are not required. 

5.15 Mechanical strength 

5.15.1 A connector including its internal insulation shall show no damage likely to impair 
safety after exposure to mechanical stress according to Table 6. 

5.15.2 In a connector assembled for final use, the contacts shall be securely retained in the 
contact insert. 

5.16 Connector without locking device  

Connectors without locking device or without snap-in device shall withstand a withdrawal 
force of at least 50 N. 

Compliance shall be tested according to 6.3.13.  

NOTE In some countries locking devices are required. Some countries also require locking devices which can be 
opened only by use of a tool. 

5.17 Connector with locking device 

Connectors with locking device or with snap-in device shall withstand a load of at least 80 N. 

Compliance shall be tested according to 6.3.14. 

5.18 Clearances and creepage distances 

 General 5.18.1

Clearances and creepage distances shall be dimensioned according to the following 
specifications. 

For connectors the requirements for double insulation shall be met between energized and 
accessible parts in the engaged position. 
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For multi-way connectors the requirements for double or reinforced insulation shall be met 
between energized and accessible parts with different electrical potential in engaged and 
unengaged positions. 

 Clearances 5.18.2

Clearances through slots and openings in enclosures of insulating material shall be 
dimensioned according to Table 2. 

Table 2 – Rated impulse voltages and minimum clearances 

 Basic insulation Reinforced insulation 

Rated DC voltage Rated impulse 
voltage 

Clearance Rated impulse 
voltage 

Clearance 

V  kV (1,2/50 µs) mm kV (1,2/50 µs) mm 

100 1,5 0,5 2,5 1,5 

150 2,5 1,5 4,0 3,0 

300 4,0 3,0 6,0 5,5 

600 6,0 5,5 8,0 8,0 

1 000 8,0 8,0 12 14 

1 500 10 11 16 19 

Minimum values for pollution degree 2 is 0,2 mm and for pollution degree 3 is 0,8 mm. 

NOTE Values are derived from IEC 60664-1:2007 for overvoltage category III and IEC TR 60664-2-1. 

 

 Creepage distances 5.18.3

5.18.3.1 General 

Creepage distances between live parts and accessible surfaces shall be dimensioned for 
reinforced or double insulation according to Table 3 related to the rated voltage considering 
the pollution degree as specified in 5.18.3.2. 

For relation between creepage distance and clearances see 5.2.2.6 of IEC 60664-1:2007. 
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Table 3 – Creepage distances for basic insulation 

Voltage 
(DC) 

V 

Pollution 
degree 1 

Pollution degree 2 Pollution degree 3 

All 
material 
groups  

mm 

Material 
group I 

 

mm 

Material 
group II 

 

mm 

Material 
group III 

 

mm 

Material 
group I 

 

mm 

Material 
group II 

 

mm 

Material 
group III 

 

mm 

25 0,125 0,5 0,5 0,5 1,3 1,3 1,3 

50 0,18 0,6 0,9 1,2 1,5 1,7 1,9 

100 0,25 0,71 1,0 1,4 1,8 2,0 2,2 

150 0,31 0,8 1,1 1,6 2,0 2,2 2,5 

200 0,42 1,0 1,4 2,0 2,5 2,8 3,2 

300 0,70 1,5 2,1 3,0 3,8 4,2 4,7 

600 1,7 3,0 4,3 6,0 7,6 8,6 9,5 

1 000 3,2 5,0 7,1 10,0 12,5 14,0 16,0 

1 500 5,2 7,5 10,4 15 18,9 20,9 23,6 

Linear interpolation is allowed. 

Values for reinforced or double insulation are twice the values for basic insulation. 

NOTE Values are derived from IEC 60664 for overvoltage category III, some values are rounded. 

 

5.18.3.2 Pollution degree 

Creepage distances and clearances between hazardous live parts and accessible surfaces 
outside the enclosure shall be dimensioned according to pollution degree 3. Distances inside 
the enclosure shall be at least dimensioned for pollution degree 2. 

5.18.3.3 Comparative tracking index (CTI) 

Insulation materials are classified into four groups corresponding to their comparative tracking 
index (CTI), when tested in accordance with IEC 60112: 

Material Group I CTI ≥600 

Material Group II  400 ≤ CTI < 600 

Material Group IIIa  175 ≤ CTI < 400 

Material Group IIIb  100 ≤ CTI < 175 

A material may be included in one of these four groups on the basis that the PTI, verified by 
the method of IEC 60112 using solution A, is not less than the lower value specified for the 
group. 

The values specified for the groups are reference values and based on the test voltage of 
IEC 60112. The test voltage is not in relation to any voltage (system voltage, working voltage, 
etc.) of a PV module or system. 

The test for comparative tracking index (CTI) in accordance with IEC 60112 is designed to 
compare the performance of various insulating materials under test conditions. It gives a 
qualitative comparison and in the case of insulating materials having a tendency to form 
tracks, it also gives a quantitative comparison. 
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5.19 Insulation parts 

 General 5.19.1

Insulating parts shall be so designed that they withstand the expected thermal requirements. 

 Outer accessible parts  5.19.2

Outer accessible parts consisting of isolating material whose deterioration could impair the 
safety of the connector shall meet following requirements: 

a) Flammability Class minimum  HB, or V-2 according to IEC 60695-11-10. This shall be 
proved by a data sheet of the material supplier or by a test of the end product. 

Flammability V-1 or V-0 according to IEC 60695-11-10 are also acceptable. 

b) Weather resistance according to ISO 4892-2, method A or ISO 4892-3 with a total 
duration of 500 h. Dielectric strength according to 6.3.8 b) shall be fulfilled after the test. 

c) Glow wire test with 650 °C according to IEC 60695-2-11. 

 Inner parts 5.19.3

Inner parts consisting of isolating material retaining current carrying parts in position shall 
meet following requirements: 

a) Flammability Class minimum  HB, or V-2 according to IEC 60695-11-10. This shall be 
proved by a data sheet of the material supplier or a test of the end product. 

Flammability V-1 or V-0 according to IEC 60695-11-10 are also acceptable. 

b) Isolating material shall have a CTI-value complying with the rated values of this standard 
according to IEC 60664-1. 

c) Glow wire test with 750 °C according to IEC 60695-2-11. 

5.20 Current carrying parts and resistance against corrosion 

5.20.1 Metal parts shall be so designed that corrosion shall not impair safety with regard to 
electrical and mechanical characteristics. 

Compliance is checked by 6.3.9. 

All current carrying parts shall consist of base metal and plating, such that under normal 
operation a sufficient mechanical strength, electrical conductivity and corrosion resistance as 
described in this standard are given. 

5.20.2 Under wet ambient conditions all metal parts which have a difference of their 
electrochemical potentials more than 350 mV according to IEC/TR 60943 shall not be in 
contact with each other. 

6 Tests 

6.1 General 

6.1.1 The tests shall be carried out in the sequence specified for each test group using the 
number of specimens as given in Table 4. For each test group a separate set of new 
specimens shall be used.  

If designs of connectors require special tests or preparations which are not explicitly indicated 
in this standard they are chosen or carried out according to the manufacturers specification, 
e.g. mechanical locking during IP code testing. 
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Table 4 – Plan of specimens required for tests 

Reference table Test group Number of specimens 

6 Group A: mechanical One per test 

7 Group B: service life 3 

8 Group C: service life 3 

9 Group D: thermal 3 

10 Group E: climatic 3 

11 Group F: degree of 
protection 

2 

12 Group G: isolating material 3 

NOTE For a connector family of the same design and comparable size, tests 
may be only for that member of a family which represents the worst case for 
that test. 

 

6.1.2 A pair of connectors (male and female) or free contacts are defined as a specimen. 
Unless otherwise specified in the test program the unmated pair of connectors shall be tested 

6.1.3 The tests shall be made under the standard atmospheric conditions of IEC 60068-1, 
unless otherwise specified in the test schedule. 

6.1.4 The specimen is deemed not to comply with this standard if the specimen fails in more 
than one of the tests of any test group. If the specimen fails in one of the tests, this test and 
the preceding tests which may have affected its results shall be repeated on a new set of 
specimen. This new specimen shall pass the repeated tests, otherwise the product is deemed 
not to comply. 

6.1.5 All visual examination tests shall be performed with the naked eye, unless otherwise 
specified.  

6.2 Preparation of specimens 

6.2.1 Specimens shall be pre-conditioned under standard conditions for testing, for a period 
of 24 h, in accordance with IEC 60512-1. 

6.2.2 The tests shall be carried out with copper conductors unless otherwise specified by 
the manufacturer and with the type of conductor specified for the connector. If terminations 
are provided for all types of conductors, solid, stranded and flexible, the tests shall be carried 
out only with flexible conductors according to IEC 60228, Class 5. 

6.2.3 Screw-type clamping units shall be tightened with the value of the torque stipulated in 
Table 5 according to IEC 60999-1 and IEC 60999-2 unless otherwise specified by the 
manufacturer. 

6.2.4 Unless otherwise specified in the test schedule, all tests shall be made on the 
specimen completely assembled according to the manufacturer’s instructions. 
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Table 5 – Values of torque for screw-type clamping units 

Nominal diameter of 
thread 

mm     
 

 

I II III IV V 

 Nm Nm Nm Nm Nm 

≤ 1,6   0,1 0,1  

> 1,6 up to 2,0   0,2 0,2  

> 2,0 up to 2,8 0,2  0,4 0,4  

> 2,8 up to 3,0 0,25  0,5 0,5  

> 3,0 up to 3,2 0,3  0,6 0,6  

> 3,2 up to 3,6 0,4  0,8 0,8  

> 3,6 up to 4,1 0,7 1,2 1,2 1,2 1,2 

> 4,1 up to 4,7 0,8 1,2 1,8 1,8 1,8 

> 4,7 up to 5,3 0,8 1,4 2,0 2,0 2,0 

> 5,3 up to 6,0 1,2 1,8 2,5 3,0 3,0 

> 6,0 up to 8,0 2,5 2,5 3,5 6,0 4,0 

> 8,0 up to 10,0  3,5 4,0 10,0 6,0 

> 10,0 up to 12,0  4,0  14,0 8,0 

> 12,0 up to 15  5,0  19,0 10,0 

 

Column I applies to screws without heads if the screw, when tightened, does not 
protrude from the screw hole and to other screws which cannot be tightened by 
means of a screwdriver with a blade wider than the diameter of the screw. 

Column II  applies to nuts of mantle clamping units which are tightened by means of a 
screwdriver. 

Column III  applies to other screws which are tightened by means of a screwdriver. 
Column IV  applies to screws and nuts, other than nuts of mantle clamping units, which are 

tightened by means other than a screwdriver. 
Column V  applies to nuts of mantle clamping units which can be tightened by means 

other than that of a screwdriver. 

Where a screw has a hexagonal head with a slot and the values in columns III and IV are 
different, the test is made twice, first on a set of three specimens, applying to the hexagonal 
head the torque specified in column IV, and then to another set of three specimens, applying 
the torque specified in column III by means of a screwdriver. If the values in columns III and 
IV are the same, only the test with the screwdriver shall be made. 

6.3 Performance of tests 

 General 6.3.1

In accordance with the test schedule given in 6.5, the general test methods specified in 
Tables 6 to 12, columns 3 and 7, shall be applied according to IEC 60512. Other tests are 
indicated in column 4. 
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 Durability of marking 6.3.2

The test is made by rubbing the marking by hand for 15 s with a piece of cotton cloth soaked 
with water and again for 15 s with a piece of cotton cloth soaked in petroleum spirit.  

Petroleum spirit is defined as the aliphatic solvent hexane with a content of aromatics of 
maximum 0,1 % volume, a kauri-butanol value of 29, initial boiling point of 65 °C, a dry point 
of 69 °C and a specific gravity of approximately 0,68 kg/l.  

After this test, the marking shall be legible to normal or corrected vision without additional 
magnification. 

This test shall be also carried out on an additional label with specified warning indication 
listed under l) from 5.2.1, if applicable. 

Markings made by impression, moulding, pressing, or engraving or the like are not subjected 
to this test. 

 Protection against electric shock 6.3.3

6.3.3.1 Connectors shall be tested by the test probe 11 according to IEC 61032 using a test 
force of 10 N. 

For the test all covers and housing parts which are detachable without a tool shall be 
removed. 

6.3.3.2 The tests for the given IP code according to IEC 60529 shall be applied in the mated 
position. 

Subsequently the dielectric strength test according to 6.3.8 shall be performed within 1 h of 
second IP numeral (water) test. 

 Temperature rise 6.3.4

The object of this test is to assess the ability of a connector to continuously carry the rated 
current without exceeding the upper limiting temperature. 

The test shall be carried out according to test 5a of IEC 60512, under the following test 
conditions. 

Test conditions: 

– maximum permissible conductor cross-section according to manufacturer's specification. 
In case of a declared cross-section area with same rated current, the test will be applied 
to the most unfavourable cross-section; 

– length of test cables = 500 mm ± 50 mm for cross-section ≤ 10 mm2; 

– length of test cables = 1 000 mm ± 100 mm for cross-section > 10 mm2; 
– the test shall be carried out with rated current as specified by the manufacturer at an 

ambient temperature of 85 °C or the maximum ambient temperature specified by 
manufacturer, if higher; 

– the test shall be continued until a constant temperature is obtained.  

 Mechanical operation 6.3.5

The object of this test is to assess the mechanical operational endurance of a connector in 
the normal operational mode without electrical load. The test shall be carried out according to 
test 9a of IEC 60512, under the following conditions. 
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Test conditions: 

– the specimens shall be engaged and disengaged by means of a device simulating normal 
operating conditions. The preparation and mounting of the specimen shall be as in normal 
use; 

– the type and cross-section of the cable/wire bundle to be used shall be specified by the 
manufacturer; 

– the speed of insertion and withdrawal shall be approximately 0,01 m/s with a rest in the 
unmated position of approximately 30 s. 

 Bending (flexing) test (see IEC 60309-1:1999, 24.4) 6.3.6

Non-rewirable connectors shall be subjected to a bending test in an apparatus similar to that 
shown in Figure 1. 

The specimen is fixed to the oscillating member of the apparatus so that, when this is at the 
midpoint of its travel, the axis of the flexible cable, where it enters the specimen, is vertical 
and passes through the axis of oscillation. 

The oscillating member is so positioned that the flexible cable makes a minimum lateral 
movement when the oscillating member of the test apparatus is moved over its full travel. 

The cable is loaded with a weight such that the force applied is 

• 20 N for non-rewirable connectors with a conductor cross-section > 0,75 mm2, 

• 10 N for non-rewirable connectors with a conductor cross-section ≤ 0,75 mm2. 

A current equal to the rated current of the connector is passed through the conductors.  

The oscillating member is moved backwards and forwards through an angle of 90° (45° on 
either side of the vertical). The rate of bends shall be 60 per minute. One bending is one 
movement, either backwards or forwards. The number of bends is 100. 

Specimens with cables of circular cross-section shall be rotated approximately 90° around the 
vertical axis within the oscillating part after 50 % of flexings; specimens with flat flexible 
cables are only bent in a direction perpendicular to the plane containing the axis of the 
conductor. 

During this test, there shall be no interruption of the test current. 

After the test there shall be no damage; the cable support sleeve shall not be loosened from 
the body and the insulation shall show no signs of abrasion or of wear and tear. Broken 
strands shall not pierce the insulation, during the high voltage test according to 6.3.8.b) there 
shall be no breakdown of the test voltage. 
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