© 5% g3
ST 82
N Mm AV > 1]
N (7]
% mm %Q% 3
w @, 5
— % 5
RA £
o5 &
=2
Y §

y

<

Jungtion boxes for photovoltaic modules — Sq&

INTERNATIONAL
STANDARD

(u9)ATH £0-0202:06.29 O3l


https://iecnorm.com/api/?name=0a9b42ce7ea52acb90779b638d504b4a

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2020 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The Intgrnational Electrotechnical Commission (IEC) is the leading global organization that prepares and ppblishes

Internatlonal Standards for all electrical, electronic and related technologies.

About IEC publications

The tecpnical content of IEC publications is kept under constant review by the IEC. Please make Sure’that you Rave the

latest edlition, a corrigendum or an amendment might have been published.

IEC puljlications search - webstore.iec.ch/advsearchform
The adJanced search enables to find IEC publications by a
variety |of criteria (reference number, text, technical
committge,...). It also gives information on projects, replaced
and withjdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up|to date on all new IEC publications. Just Published
details @ll new publications released. Available online and
once a rhonth by email.

IEC Cugtomer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: pales@iec.ch.

Electropedia - www.electropedia.org
The world's leading online~dictionary on electrotechnology,
containing more than 22 ©Q00.erminological entries ir] English
and French, with equivalent terms in 16 additional larjguages.
Also known as therInternational Electrotechnical Vogabulary
(IEV) online.

IEC Glossary - std.iec.ch/glossary
67 000 electrotechnical terminology entries in English and
French.extracted from the Terms and Definitions dause of
IEC publications issued since 2002. Some entries hgve been
collected from earlier publications of IEC TC 37, 77| 86 and
CISPR.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=0a9b42ce7ea52acb90779b638d504b4a

IEC 62790

Edition 2.0 2020-07
REDLINE VERSION

INTERNATIONAL
STANDARD

colour
inside
Jungtion boxes for photovoltaic modules — Safety requirements and tests
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION
ICS 27.160 ISBN 978-2-8322-8680-7

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=0a9b42ce7ea52acb90779b638d504b4a

-2 - IEC 62790:2020 RLV © IEC 2020

CONTENTS

FOREWORD ....ciiiiie ettt e et e e et e e e e e e et e e e e e e e et e e e e e e e e eanaeenns 5
1 ST e o] o 1Y PP TPRPRN 8
2 NOIMALIVE FEFEIENCES ... et 8
3 Terms and definitioNs ... 11
4 Constructional requirements and performance ... 15
4.1 (=Y o L=Y = | PP PRPRN 15
4.2 Ma ki g-3R0-idEAtiCa IO 16
4[2.1 Identification ... 16
412.2 MarKing ..o S 16
412.3 Technical documentation ..o 16

4.3 Protection against electric ShoCK..........ccoooiiiiiiiiii @8 e, 17
4.4 Terminations, connecting devices and connection methods ...,.( 5ol 17
4.5 (70T ] g T=Tox (o] - TSNP Vo PP R 18
4.6 Cables .o WO 18
4.7 Resistance to ageing ......coooviiiiiiiii N L 18
4.8 General design ......ooeiiiiiiiii e e Y e e 18
4.9 Degree of protection (IP)......c.oouiiiiiiiiie s e e 19
410 Dielectric strength ... D e e 19
411  Range of ambient temperature...............o S 19
4.1 Cable anchorage........cocoiiiiiiiin SO e e 19
413 Mechanical strength.......c.cooiiiiiiamtei e e 19
A AR INSUIAtION .. T e e 20
4114 .1 Type of insulation ...l L 20
4(14.2 Basic iNSUlation ........ ;e e 20
4(14.3 Supplementary insulation..... ... 20
4(14.4 Double insulation. ... e 20
4114.5 Reinforced instlation ...........ooiiiiiiiii e e 20
4.1p Clearances and.creepage distanCes.......c.occoiieuiiiiiiiiiiiiiiiiceeee e e 20
4115.1 ClEAIAMNEES ...t e 20
4115.2 Creepage distanCes .......oiiuiiiiiiii e e 21
418 INSUIAHON PAITS ..uiviiiiiie e e 23
4(16.1 Quter accessible parts ........cooviiiiiiiii e e 23
4(16.2 Inner parts keeping active parts in position ... 23
4.1/ \“Current carrying parts and resistance against corrosion.................coccoeeeeeeee . 24
A8 SBAIING et 24
419  BYPaASS-AIOUC ettt e 24
4.20 Knock-out inlets (outlets) intended to be removed by mechanical impact .............. 24

D TS S i e 24
5.1 BN Al e e 24
5.2 Preparation of SPECIMENS ... 26
5.3 Performance Of 1EStS ... i 27
5.3.1 GBNEIAl e 27
5.3.2 Durability of Marking........ocuiiiiii e 27
5.3.3 Fixing of lid on rewirable junction bOX ..........ccooiiiiiiiii 27
5.3.4 Protection against electric ShOCK ..o 28

5.3.5 Measurement of clearances and creepage distances............c..occoveeiviiiiinnneenn. 28


https://iecnorm.com/api/?name=0a9b42ce7ea52acb90779b638d504b4a

IEC 62790:2020 RLV © IEC 2020 -3-

5.3.6 DieleCtric strength. ... 28
5.3.7 Resistance t0 COrmrOSION ... e 28
5.3.8 Mechanical strength at lower temperatures..............ccooiiiiiiii 29
5.3.9 Thermal cycle test (IEC 60068-2-14:2009, Test Nb).......coooviiiiiiiiiiiien, 29
5.3.10 Damp heat test ..o 30
5.3.11 Weather resistance test ... ... 30
5.3.12 Flammability Class ... 30
5.3.13 Ball PressuUre 1ot .o 31
5.3.14 GlOW Wil 18T it 31
5315 Resistance againstageing oo oo o ——. 31
5/3.16 Wet leakage current test.......coooiiiiiiii e 31
5|3.17 Humidity freeze test ... S L 32
5/3.18 Bypass diode thermal test.........cooiiiii i e 33
5/3.19 Test of terminations and connection methods .....................ahd . 34
513.20 Knock-out inlets (outlets) intended to be removed by mechanical impact .|..... 34
513.21 Test of cord anchorage ..........oovvveeiiiiiiiiie el e T 35
5|3.22 Retention on the mounting surface ..........ccoooo 8O e 37
513.23 Reverse current test at junction boX............o.c. 8o e 37
54 Test schedule ... N 38
Annex A (informative) Symbol "Do not disconnect under Joad" ..............ccoooiiiin s 50
Annex B (normative) Qualification of conformal coatings for protection against
910 LU 1] o] o I . SRR [P 51
B.1 General.....ooooiiiii O e e 51
B.2 Technical properties ... am e 51
B.3 Qualification of CoOatiNgS.........ov el e e 51
Annex C (normative) Measurement of cl€arances and creepage distances ...................|..... 54
271 [T/ ic= o 4 V2 PP ISR 58
Figurg 1 — Thermal cycling testy~ Temperature and applied current profile......................|..... 45
Figurd 2 — Humidity-freez@ . CyCle ... ...oouiii e e 45
Figurg 3 — Typical arrangement for the cable anchorage pull test.............ccoooeviiin o 46
Figurg 4 — Typical arrangement for torsion test...........cooooiiiiiiiiiiieee e 46
Figurd 5 — Typical-arrangement for flammability test in accordance with 5.3.12.2............]..... 47
Figurd 6 — Measurement of voltage drop ........coooeiiiiiiiiiiiii e L 47
Figurd 7="Bypass diode thermal test ... e 48
Figure8—=Properattachmemntof 5 Nweighttojunmctiom box e 49
Figure A.1 — Symbol "DO NOT DISCONNECT UNDER LOAD" ..ot 50
Figure A.2 — Symbol "DO NOT DISCONNECT UNDER LOAD" (IEC 60417-6070:2011-06)....50
Figure C.1 — Examples of methods of measuring clearances and creepage distances........... 57
Table 1 — Required type of insulation ... e 20
Table 2 — Rated impulse voltages and minimum clearances.............coooeiiiiiiiiiiiiniiniineeen, 21
Table 3 — Creepage distances for basic insulation ..............cc.cooiiiiii e 22
Table 4 — Number of SPECIMENS ... ..o 25
Table 5 — Values of torque for screw-type clamping units.............oooi i, 26

Table 6 — Pull forces for cord anChorage ..o 36


https://iecnorm.com/api/?name=0a9b42ce7ea52acb90779b638d504b4a

-4 - IEC 62790:2020 RLV © IEC 2020

Table 7 — Values for torsion teSt . ... 36
Table 8 — Marking, information, documentation, test group A ..., 38
Table 9 — Material test, test group B (single tests) ..o 39
Table 10 — Constructional requirements, test group C (single tests).........ccooviiiiiiiiiiiiinnnnn. 40
Table 11 — Mechanical tests, test group D (single tests) .....ooeiiiiiiiiiiii e, 40
Table 12 — Test sequence |, test group E (tests to be performed consecutively in this

(o] o 1= o 1R PP 41
Table 13 — Test sequence Il, test group F (tests to be performed consecutively in this

Lo (o L= o PPN 42
Table [14 — Test sequence llI, test group G (tests to be performed consecutively in this

Lo (o L= o | PSPPSR S NN 43
Table [15 — Test sequence 1V, test group H (tests to be performed consecutively n this

Lo o [=T o | PP UPTPIUPTUPTUPTRPTI 03 Pt UPRRUIY IR 44
Table |16 — Reverse current test, test group | ..o b e 44
Table [17 — Test sequence V, test group J (tests to be performed consecutively in this

o] o L= 1 | T RPSPRPRUPY o T SUUPRPRPRRY RPN 44
Table [B.1 — Test parameters, test conditions and test procedures=... 7., 52

Table|B.2 — Test sequence and conformity check (tests to be p&rformed consecutively
eIt a1 E] Kol e [=] o I PR NPT PPPRPTPRPRPRY R 53

Table|C.1 — DImensions Of X ..o e 54



https://iecnorm.com/api/?name=0a9b42ce7ea52acb90779b638d504b4a

IEC 62790:2020 RLV © IEC 2020 -5-

1

2)

3)

4)

5)

6)

7)

8)

9)

This n
made

has been-made.Additions are in green text, deletions are in strikethrough red text.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

JUNCTION BOXES FOR PHOTOVOLTAIC MODULES -
SAFETY REQUIREMENTS AND TESTS

FOREWORD

The
all

inte
this
Tec
Pub)
in t
gov
withf
agré
The
con
inte
IEC
Con
Pub)
mis
In d
tran
bety
the

IEC
ass
ser

All |

No
mery
othe
exp
Pub)

Atte
indi
Atte
patq

:Iltclllat;ulla: E:U\Jtlutcb:lll;ba: CUIIIIII;OO;UII (:EC\’ ;O d VVUI:dVV;dU UIBGII;LG:;UII fUI Otalldald;Lat;Ull CUT
hational electrotechnical committees (IEC National Committees). The object of IEC is to
national co-operation on all questions concerning standardization in the electrical and electronic, fig
end and in addition to other activities, IEC publishes International Standards, Technical<Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refefred to 3
ication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inf
he subject dealt with may participate in this preparatory work. International, gevernmental ar
ernmental organizations liaising with the IEC also participate in this preparation,|EC”collaborates
the International Organization for Standardization (ISO) in accordance with~caonditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as n€atly’as possible, an inter
sensus of opinion on the relevant subjects since each technical committee has representation
ested IEC National Committees.

mittees in that sense. While all reasonable efforts are made, to_ ensure that the technical content
ications is accurate, IEC cannot be held responsible for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
Sparently to the maximum extent possible in their_nmational and regional publications. Any div
een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation of conformity. Independent certification bodies provide co
bssment services and, in some areas, access' to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification’/bodies.

sers should ensure that they have the-latest edition of this publication.

iability shall attach to IEC or itsdirectors, employees, servants or agents including individual exp4g
hbers of its technical committees_ahd IEC National Committees for any personal injury, property darf
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any ot
ications.

ntion is drawn to thé Normative references cited in this publication. Use of the referenced publicd
Epensable for the €orrect application of this publication.

ntion is drawn.fo-the possibility that some of the elements of this IEC Publication may be the su
nt rights. IEC.shall not be held responsible for identifying any or all such patent rights.

edlinewversion of the official IEC Standard allows the user to identify the ch

to the previous edition. A vertical bar appears in the margin wherever a ¢

prising
romote
Ids. To
Cations,
s “IEC
erested
d non-
closely
ned by

hational
rom all

Publications have the form of recommendations for international. use and are accepted by IEC National

of IEC
for any

cations
brgence
ated in

formity

for any

rts and
hage or
ps) and
er IEC

tions is

bject of

hnges
hange



https://iecnorm.com/api/?name=0a9b42ce7ea52acb90779b638d504b4a

-6 - IEC 62790:2020 RLV © IEC 2020

International Standard |IEC 62790 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.

This second edition cancels and replaces the first edition published in 2014. This edition
constitutes a technical revision.

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

a)
b)
c)
d)
e)
f)
9)
h)

i)

Modifications in normative references and terms and definitions;

Im
Cl

provement o declaration of categories for junction boxes in 4.T1;

prification for ambient temperature in 4.1;

Addition of requirement to provide information concerning RTE/RTI or Tl in 4:2;
Rgference to IEC 62930 instead of EN 50618 in 4.6;
Adqdition of "Functional insulation" in Table 1;

Addition of "Distance through cemented joints" in Table 3;

Cqrrection of procedure of process to categorize material _groups (deletion of H

4.

5.2.3;

Rgquirement for approval of RTE/RTI or Tl for insulation parts in 4.16.1 and 4.16.2;

Change of requirements concerning electrochemical potential in 4.17.2;

Cl

hrification for IP-test in 5.3.4.2;

Addition of test voltage for cemented joints in 5.3:6 and 5.3.16;

Addition of detailed description on how toprepare the test sample for the therma
tegt in 5.3.9.1;

Ngw test procedure for bypass diode thermal test (5.3.18) in accordance with MQT 1

IE

C 61215-2:2016;

Ngw test procedure for reverse everload current test in 5.3.23;

Ngw Figure 1 for thermal cycle test.

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

FDIS Report on voting
82/1719/FDIS 82/1738/RVD

Full information on the voting for the approval of this International Standard can be fo
the re

bort'on voting indicated in the above table.

TI) in

cycle

8.1 of

ind in

This document 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 document 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 document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that jt contains colours which are considered to be useful for the\ cdrrect
undenstanding of its contents. Users should therefore print this document using a
colour printer.
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JUNCTION BOXES FOR PHOTOVOLTAIC MODULES -
SAFETY REQUIREMENTS AND TESTS

1 Scope

This document describes safety requirements, constructional requirements and tests for
junction boxes up to 1 500 V DC for use on photovoltaic modules in accordance with class Il
of IEC 61140:20012016

This document applies also to enclosures mounted on PV-modules containing ‘eleg¢tronic
circuitg for converting, controlling, monitoring or similar operations. Additionalrequirgments
concefning the relevant operations are applied under consideration of thé|environmental
conditjons of the PV-modules. This document does not apply to the electronic-circuits of| these
devicgs, for which other IEC standards apply.

NOTE |For junction boxes in accordance with classes 0 and Il of IEC 61140:20842016, in photovoltaic-systems,
this doqument can be used as a guideline.

2 Noprmative references

The following documents are referred to in the text in such a way that some or all their
content constitutes requirements of this document’dor dated references, only the e¢dition
cited gpplies. For undated references, the latest edition of the referenced document (indluding
any afnendments) applies.

IEC 60060-1, High-voltage test techniques« Part 1: General definitions and test requirefnents

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

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

IEC 60068-2-70, Environmental testing — Part 2-70: Tests — Test Xb: Abrasion of markings
and lefterings caused by rubbing of fingers and hands

IEC 60068-2-75;<Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests

IEC 6(0068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, $teady
State

|EC 80228 Conductors-ofinsulated-cables

IEC 60216-1, Electrical insulating materials — Thermal endurance properties — Part 1: Ageing
procedures and evaluation of test results

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

IEC 60352-2, Solderless connections — Part 2: Crimped connections — General requirements,
test methods and practical guidance
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IEC 60352-3, Solderless connections — Part 3: Solderless accessible insulation displacement
connections — General requirements, test methods and practical guidance

IEC 60352-4, Solderless connections — Part 4: Solderless non-accessible insulation
displacement connections — General requirements, test methods and practical guidance

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

IEC 6(1)352-6, Solderless connections — Part 6: Insulation piercing connections.’x ,General
requirgments, test methods and practical guidance

IEC 60352-7, Solderless connections — Part 7: Spring clamp connegtions — Ggneral
requirements, test methods and practical guidance

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

IEC 60664-1:2007, Insulation coordination for equipment \Within low-voltage systdms -
Part 1} Principles, requirements and tests

IEC 60695-2-11, Fire hazard testingy— Part 2-11: Glowing/hot-wire based test methods —
Glow-Wire flammability test methad for end-products (GWEPT)

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

IEC 60695-11-10, Fire(hazard testing — Part 11-10: Test flames — 50 W horizontal and viertical
flame fest methods

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

|IEC/TRNE0Q043
=t QYT

IEC 60947-7-1, Low-voltage switchgear and controlgear — Part 7-1: Ancillary equipment —
Terminal blocks for copper conductors
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IEC 60998-2-3, 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 60999-1:20001999, Connecting devices — Electrical copper conductors — Safety
requirements for screw-type and screwless-type clamping units - Part1: General
requirements and particular requirements for clamping units for conductors from 0,2 mmZ2 up
to 35 mm?Z (included)

IEC 60999-2, Connecting devices — Electrical copper conductors — Safety requirements for
screw-type and screwless-type clamping units — Part 2: Particular requirements for clamping

t '] +~ /) QAL 4 200 2 /L ] s L)
units for—cormaactors—aoove oo 1NMm up tou ouvuITIimmmTr (1rrreraucu)

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

IEC 61140:200142016, Protection against electric shock — Common aspects foninstallation and
equipment

IEC 61191-1, Printed board assemblies — Part 1: Generic specification — Requirements for
soldened electrical and electronic assemblies using surface motwit and related asdembly
technglogies

IEC 61210, Connecting-devices — Flat, quick-connect, tesminations for electrical ¢opper
condugtors — Safety requirements

IEC 61215-1:2016, Terrestrial photovoltaic (PV) dxedules — Design qualification and type
approyal — Part 1: Test requirements

IEC 61215-2:2016, Terrestrial photovoltaic, (PV) modules — Design qualification and type
approval — Part 2: Test procedures

IEC 61730-1:2016, Photovoltaic (PV)"module safety qualification — Part 1: Requirements for
constnuction

:
)

5
)
=
o

IEC 62852, Connecétors for DC-application in photovoltaic systems — Safety requiremenfs and

IEC 62930; Electric cables for photovoltaic systems with a voltage rating of 1,5 kV DC

ISO 868-2003Pfasticsandebomite =Determmimationr of nderntatior trardress by mmearns of a

durometer (Shore hardness)

ISO 4892-2:2043, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-
arc lamps

ISO 4892-3:2008, Plastics — Methods of exposure to laboratory light sources — Part 3:
Fluorescent UV lamps

EN-50618._Electric_cablos forpl o
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC TS 61836 as well as
the following apply.

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

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1
modulje junction box
combipation of parts, such as boxes, covers, cover-plates, lids, box extensions, ‘accessories,
etc., groviding after assembly and installation at the photovoltaic-module inormal uge, an
appropriate protection against external influences, and a defined protectiofi“@gainst clontact
with ehclosed live parts from any accessible direction

3.1.1
junctipn box for re-opening
junctign box that can be opened at any time

Note 1 fo entry: It may contain rewirable and non-rewirable connections(

3.1.1.
junctipn box for factory wiring
junctign box which is attached and connected to.the PV module under controlled conditions,
usually at the manufacturer’s location

3.1.1.2
junctipn box for field wiring
junctign box containing wiring connections that are intended to be made in the field

3.1.2
junctipn box, not intended to be re-opened
junctign box that cannot be opened after mounting in the end application

e

3.2
cable|gland
devicqg permiiting the introduction of one or more electric cables into the junction box sq as to
maintain thejrelevant type of protection

[SOURCE: IEC 60050-426:2008, 426-04-18, modified — "and/or fibre optics" has been deleted
and "an electrical apparatus" has been replaced by "the junction box".]

3.3
sealing
method for providing the ability of a component to resist the ingress of contaminants

[SOURCE: IEC 60050-581:2008, 581-23-16]
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3.4

cable anchorage

ability to limit the displacement of a fitted flexible cable against pull and push forces and
torques

3.5

connector for photovoltaic-systems
PV-connector
component suitable for use in PV systems that terminates conductors for the purpose of

providing connection to and disconnection from a suitable mating component

3.6

intended use

use ofa junction box in accordance with the information for use provided by the manufag¢turer
[SOURCE: IEC 60050-903:2013, 903-01-13, modified — "product, process~or servicg" has
been feplaced by "junction box" and "supplier" has been replaced by "manufacturer”.]

3.7

termimpal

clamging unit

part(s) of the terminal necessary for the mechanical clamping.and the electrical connection of
the conductor(s), including the parts that are necessary to easure the correct contact prgssure
3.8

cleargnce

shortgst distance in air between two conductive paris

[SOURCE: IEC 60050-426:2008, 426-04-12,*modified — The note was deleted.]

3.9

creeppge distance
shortegst distance along the surface_of the insulating material between two conductive parts

[SOURCE: IEC 60050-151:2001, 151-15-50, modified — "a solid insulating material" has
replacied by "the insulatingumaterial”.]

3.10

overvpltage category
numerfal defining{a transient overvoltage condition

[SOURCEE IEC 60050-581:2008, 581-21-02]

3.11
pollut

ion

been

any addition of foreign matter, solid, liquid, or gaseous that can result in a reduction of electric

streng

th or surface resistivity of the insulation

[SOURCE: IEC 60050-442:1998, 442-01-28, modified — Definition revised and note deleted.]

3.12
pollut

ion degree

numeral characterising the expected pollution of the micro-environment

[SOURCE: IEC 60050-581:2008, 581-21-07]
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3.13

rated voltage

value of voltage assigned by the manufacturer to the junction box 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, 3.9, modified — "a component, device or equipment" has been
replaced by "the junction box" and the note has been replaced by Note 1 to entry.]

3.14
rated j g
RMS Withstand voltage value assigned by the manufacturer to the junction box, charact&rising

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

[SOURCE: IEC 60664-1:2007, 3.9.1, modified — "equipment or to acpart of it" has| been
replaced by "junction box".]

3.15
rated jmpulse voltage
impulge withstand voltage value assigned by the manufacturer to the junction box,
charagterising the specified withstand capability of its insulation against trgnsient
overvgltages

[SOURCE: IEC 60664-1:2007, 3.9.2, modified —“'equipment or to a part of it" has| been
replaced by "junction box".]

3.16
impulse withstand voltage
highegt peak value of impulse voltage of-preseribed specified form and polarity that dogs not
cause|breakdown of the insulation under specified conditions

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

[SOURCE: IEC 60664-1:2007, 3.8.1, modified — "prescribed" replaced with "specifed" and
Note 1 to entry has beénjadded.]

3.17
RMS withstand voltage

powertfrequeney withstand voltage
highegt RMS*value of a voltage that does not cause breakdown of insulation under spegcified
conditjans

[SOURCE: IEC 60664-1:2007, 3.8.2]

3.18
current

3.18.1

rated current

current value assigned by the manufacturer, which the junction box can carry continuously
(without interruption) and simultaneously through all its contacts and bypass-diodes, if
applicable, wired with the largest specified conductor, at the-highest-specified maximum
ambient temperature, without the upper limiting temperature being exceeded
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3.18.2
reverse current

Irev
current value assigned by the manufacturer, which the junction box can carry at the-highest

specified maximum ambient temperature, without causing a hazardous situation

Note 1 to entry:
IEC 61730-2).

The reverse current is comparable with the reverse test current of the photovoltaic module (see

3.19
functional insulation
insulation between conductive parts that is necessary only for the proper functioning of the

equip
[SOUH

3.20
basic
insula

nent

RCE: IEC 60664-1:2007, 3.17.1]

insulation
ion applied to live parts to provide basic protection against electric'shock

isivelv for functional o
SHEery+o—uhRGHORAT

P

ooooooo

Note 1

[SOUH
provid
electri

3.21
suppl
indep
agains

[SOUHR
"in or
insula

3.22
doubl
insula

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

RCE: IEC 61140:2016, 3.10.1,
les" has been replaced by
c shock" has been added.]

modified =*"insulation of hazardous-live-parts
"insulation./applied to live parts to provide" and "4

mentary insulation
ndent insulation applied iavaddition to basic insulation,
t electric shock in the event of a failure of basic insulation

RCE: IEC 60664-1:2007, 3.17.3, modified — "for fault protection” has been replad
Her to provide_fprotection against electric shock in the event of a failure of
ion".]

e insulation
ion lcomprising both basic insulation and supplementary insulation

which
gainst

in order to provide profection

ed by
basic

[SOURCE: IEC 60664-1:2007, 3.17.4]

3.23

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-therelevant
|EC standard ({1EC 61140:2001,-3-10-4)

|nsu|at|on may comprise several Iayers which cannot be tested singly as baS|c |nsu|at|on or supplementary
insulation.

[SOURCE: IEC 60664-1:2007, 3.17.5, modified — "insulation of hazardous-live-parts" has
been replaced by "smgle msulatlon system apphed to I|ve parts"—and—"under—the—een—ehhens
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3.24

working voltage

highest RMS value of the DC voltage across any particular insulation which can occur inside
the junction box when it operates at rated voltage

[SOURCE: IEC 60664-1:2007, 3.5, modified — "a.c. or" has been removed and “when the
equipment is supplied at rated voltage" has been replaced by "which—can—occur inside the
junction box when it operates at rated voltage".]

3.25

comparitive tracking index
CTI
numerlical value of the maximum voltage in volts which a material can withstand-\without
tracking and without a persistent flame occurring under specified test conditions

[SOURCE: IEC 60050-212:2010, 212-11-59]

3.26
accesjsible part
part which can be touched by means of standard test finger

[SOURCE: IEC 60050-442:1998, 442-01-15]

3.27
photoyoltaic cable
electrical cable (cabling) specifically designed for the'purpose of carrying electric currerft from
photoyoltaic devices and enduring the environméntal conditions commonly encountefed in
photoyoltaic arrays

[SOURCE: IEC TS 61836:2016, 3.2.21, madified — Deletion of the notes to entry.]

3.28
maximum ambient temperature
maximum temperature of the ambient assigned by the manufacturer, in which the junctipn box
is ablg to operate without the“limiting temperatures of the materials (Tl, RTE/RTI)|being
exceefled

4 Constructional requirements and performance

4.1 General

Junctipn boxes in accordance with this document can be categorized as

— Liiction boxes, for re-opening:

— junction boxes, not intended to be re-opened.
Junction boxes for re-opening can be distinguished as

— junction boxes for factory wiring;
— junction boxes for field wiring.

For junction boxes in accordance with this document, no values have been specified for
electric rated voltage and current. These values shall be declared by the manufacturer.

Junction boxes shall be suitable for durable use outside in an ambient temperature area from
—40 °C to +85 °C or as declared by the manufacturer if lower than -40 °C or higher than
+85 °C.
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Junction boxes shall be so designed and dimensioned that they can withstand the electrical,
mechanical, thermal and corrosive stresses occurring in their intended use and present no

dange
Compl

4.2
421

r to the user or the environment.

iance with these requirements is verified by specified tests of this document.

Marking and identification

Identification

Junction boxes shall be identified and characterized by the following:

a) mahufacturer’s name, tfrademark or mark of origin;

b) typ

identification;

c) rated current;

d) ratéd voltages or rated insulation voltages;

e) rat
f) ma
g) pol
h) deg

i) ran
sta

i) typ
k) con

d impulse voltage, if specified;
Kimum working voltage;
ution degree;

ree of protection by enclosure in accordance with IEC 60529;

hdard —-40°C to +85°C ;
b of terminals;
nectable conductors;

[) reference to this document, if applicable;

m) syn
not|

n) pol
o) typ
p) rev
q) RT

boj.

4.2.2

The m

nbols "Do not disconnect under load",~vas given in Annex A, or an adequate w
ce in the-particular respective natiohal language;

brity of connector, if applicable;

b and number of bypass-diodes, if applicable;

erse current (Iggy);

E/RTI or Tl (mechanical and electrical) of all insulating materials used in the ju

Marking

arking shall-be indelible and easily legible.

The miinimum marking on the junction boxes shall be that of items a), b) and n) in 4.2.1.

ge of temperature; (lowest and upper ambient temperature), if different from—this

arning

nction

If connection of the junction box is-perfermed made by connectors or by a fixed cable that has
implemented a connector on its end, the warning notice listed in m) of 4.2.1 shall be on a
label or similar on or close to the connector. An instruction where to place the warning notice
shall be included in the technical documentation.

Markings a) and b) of 4.2.1 shall be found on the smallest unit of packaging.

423

Technical documentation

Identification items of 4.2.1 not marked on the junction box in accordance with 4.2.2 and the
following information shall be given in the technical documentation of the manufacturer:
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a) information on termination regarding the cable and cell connection, if applicable;
b) information regarding the connector(-system), if applicable;

c) information regarding mounting (e.g. backsheet material of the module) and mounting
material (e.g. sealing material, adhesive), if applicable.

4.3 Protection against electric shock

4.31 A junction box shall be so designed that, after mounting, the live parts are not
accessible. This requirement shall be fulfilled even if there is any deformation of the housing
and/or cover as a result of mechanical and thermal stress, which can occur during normal
use; furthermore, the degree of protection of the housing may not be impaired by this possible
defornration:

4.3.2 Parts intended to be removed shall only be detachable with the aid of toéls-"Lids that
are aftached without screws shall have one or several detectable facilities, \for example
recesges, which enable tools to be deployed in order to remove them. If the llid is rexllnoved
corregtly, the tool shall not come into contact with the active parts.

4.3.3 Parts of junction boxes for field wiring in accordance with 3:1\1.2 shall be preyented
to be lost or to become loose.

4.4 |Terminations, connecting devices and connection methods

4.4.1 Terminations shall be suitable for the type andsrange of conductor cross-segtional
areas [in accordance with the specification of the manufacturer.

Terminations shall be held in such a position that:arpossible displacement does not resylt in a
reduction of clearances and creepage distances:

MeasUres need to be taken to prevent ceontact stress resulting in contact degradatign and
possiljle movement of contacts.

Terminations shall be so designed that the contact pressure is not transmitted through
insulating material other than- ceramic, pure mica or other material with sditable
charagteristics, unless there is-sufficient resiliency in the metallic parts to compensate fpr any
shrinkpge or yielding of the_insulating material.

Measyres shall be taken to prevent connections becoming loose, for example by using a
washqgr.

4.4.2 Connecting devices shall meet the following requirements under the conditions
accordingfdo specified in 5.1.3:

a) crimped-connectons H-accordance-wih1EG60352-2

b) insulation displacement connections in accordance with IEC 60352-3 (accessible
IDC) or IEC 60998-2-3

c) insulation displacement connections in accordance with IEC 60352-4  (non-
accessible IDC) or IEC 60998-2-3

d) press-in connections in accordance with IEC 60352-5

e) insulation piercing connections in accordance with IEC 60352-6 or
IEC 60998-2-3

f) screwless-type clamping units in accordance with IEC 60999-1 or
IEC 60999-2 or IEC 60352-7

g) screw-type clamping units in accordance with IEC 60999-1 or
IEC 60999-2

h) flat, quick-connect terminations in accordance with IEC 61210
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i) terminal blocks IEC 60947-7-1
j) soldered connections IEC 61191-1

Connecting devices shall provide sufficient means to be held in position after connection.

Different terminals or connecting technologies may be used if they fulfil a comparable level of
safety as the above-mentioned standards.

Terminations by connectors inside the junction box shall meet the relevant requirements

according-to specified in IEC 62852.

Soldered connections of cables and cell connectors shall have additional means for reilaining
the conductor in position.

Weldegd connections are also permitted.
4.4.3 Compliance is checked by tests according to 5.3.19.

4.5 |[Connectors

PV-copnectors that are part of the junction box and PV-connectors connected via a cable with
the jupction box shall comply with the requirements of IEC.62852. The values of the| rated
current and voltage shall be minimum the rated values of/the’junction box.

Photoyoltaic cables connected to the=junction box shall comply with the requirements of
IEC 62930. The rated values of theleables shall be the rated values of the junction box or
greatgr.

4.7 |Resistance to ageing

Parts,|whose breakdown)will impair safety, shall be resistant to ageing.

4.8 |General design

4.8.1 Junction boxes shall be so designed and dimensioned that they provide sufficient
protegtion(for cables and terminations against electrical, mechanical and environmental
stressps\occurring in normal use.

4.8.2 Junction boxes shall be so designed that connection of conductors of the type and
cross-sectional areas as specified by the manufacturer shall be possible. Besides the
termination of the conductor, precautions shall be taken that no damage of the conductor
insulation is possible, for example by avoiding sharp edges.

4.8.3 All openings shall be provided with appropriate coverings (lids, blank plugs, etc.),
which shall comply with the requirements of 5.3.15. They shall only be able to be removed by
the use of a tool.

These requirements are also applicable for knock-outs.

4.8.4 Barriers of polymeric insulating material providing the sole insulation between a live
part and an accessible metal part or between non-insulated live parts not of the same


https://iecnorm.com/api/?name=0a9b42ce7ea52acb90779b638d504b4a

IEC 62790:2020 RLV © IEC 2020 -19 -

electrical potential shall be of adequate thickness and of a material appropriate for the
application. The barrier shall only be able to be removed by the use of a tool.

4.8.5 Junction boxes for re-opening in accordance with 3.1.1 with rewirable connections
shall be designed such that

a) precautions are taken that the conductor is protected against shear and tensile stress at
the termination and is secured in a manner so as to prevent twisting,

b) the junction box is able to accept suitable cables for use in photovoltaic systems as
specified by the manufacturer (see 4.2.3),

c) there is sufficient volume for connecting the conductor.

4.9 |Degree of protection (IP)

A jungtion box shall have at least a degree of protection of IP55, category 1.(n accondance
with IEC 60529.

4.10 |Dielectric strength

A jungtion box shall withstand the impulse withstand voltage testand the voltage propf test
depending on its rated voltage in accordance with 5.3.6.

4.11 |Range of ambient temperature

Junctipn boxes shall withstand the upper and lower values of temperature range as given in
4.1 or|as specified by the manufacturer, if lower than the minimum value or higher than the
maximum value as defined in 4.1.

4.12 |Cable anchorage

The c@ble anchorage shall be suitable for,the cable to be connected. The manufacturef shall
specify the range of acceptable cable diameters.

Loose]| parts inserted to obtain ctamping of the cable are permissible if they are fixed|[in the
junctign box in the assembled-state.

The cpble anchorage canibe made of insulating material or metal. If it consists of metal, it
shall meet one of the fallowing requirements:

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

b) nol contactshall be possible with the test finger in accordance with IEC 60529.

Compliance is checked by the test in 5.3.21.

4.13 Mechanical strength

4.13.1 A junction box shall show no damage likely to impair safety after exposure to
mechanical stress-according-to specified in the test programme.

4.13.2 In a junction box assembled for final use, the contacts shall be securely retained in
the contact insert.

4.13.3 After exposure to the stresses—according—to specified in the test schedule, the
internal insulation shall show no damage that could impair normal use.
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Depending on the class—according—te specified in IEC 61140 and the intended use of the
junction box the type of insulation shall be chosen from Table 1.

Table 1 — Required type of insulation

Class (IEC 61140) Protection Insulation between | Insulation between | Insulation between
required against live parts and connecting live parts of
direct contact accessible devices for different polarity
stfaces jureton-bexes—in of-the-same-gircuit
accordance with
3.1.12
Class 0 Yes
Class Il Yes
Class Il - No F R BF

Key
B B4gsic insulation

R Rdginforced insulation or double insulation
F

Functional insulation

2 Thjs column only describes protection against arc flash.

4.14.20 Basic insulation

Basic jinsulation shall be such that it withstandsdhe voltage tests of 5.3.6 and that it megts the
requirements for creepage distances and clearances in accordance with 4.15.

4.14.3 Supplementary insulation

For sypplementary insulation, thessame requirements shall apply as for basic insulation.

4.14.4 Double insulation

Doublg insulation shalivbe so designed that the breakdown of one part (basic or
supplementary insuldtion) does not impair the protective function of the other part. It shill not
be pogsible to remadve the supplementary insulation without using a tool.

For dquble insulation, where basic and supplementary insulation cannot be tested separately,
the ingulationh system shall be considered as reinforced insulation.

4.14.5—Reinforced inmsutation

Reinforced insulation shall be such that it withstands the voltage tests of 5.3.6, clearances for
reinforced insulation shall be selected from Table 2.

The creepage distances shall be twice the value for basic insulation in accordance with
Table 3.

4.15 Clearances and creepage distances

4.15.1 Clearances

Clearances between live parts and accessible surfaces shall be dimensioned in accordance
with Table 2 depending on the rated voltage.
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All other clearances within the junction box shall meet the requirements of basic insulation in

accord

ance with Table 2 depending on the working voltage.

Table 2 — Rated impulse voltages and minimum clearances

Basic insulation Reinforced insulation
Rated or working Rated impulse Clearance Rated impulse Clearance
DC voltage voltage voltage

\ kV (1,2/50 ps) mm kV (1,2/50 us) mm
100 1,5 0,5 2,5 1,5
150 2,9 1,9 4,0 3,0
300 4,0 3,0 6,0 5,5
600 6,0 5,5 8,0 8,0
1000 8,0 8,0 12 14
1500 10 11 16 19

NOTE
up to 4

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

Values are derived from IEC 60664-1 and IEC TR 60664-2-1 for overvoltage category Il and for alfit
000 m.

udes

4.15.2

4.15.2.

Creeppge distances between live parts and accessible surfaces shall be dimensiong

reinfo
considg

Rewirable junction boxes shall meet.the requirements of reinforced or double insula

accordq

in relation to the rated voltage of(unction box.

All other creepage distances within the junction box shall meet the requirements of|

insula
by the

Creepage distances

1 General

d for

ced or double insulation in accordance with Table 3 related to the rated vpltage

ering the pollution degree as specified in-4-44-3-2 4.15.2.2.

ion in

ance with Table 3 between clamping units for the termination of the connecting ¢ables

basic

ion in accordance with Table 3 in relation to the maximum working voltage as spé¢cified

manufacturer.
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Table 3 — Creepage distances for basic insulation

Voltage Pollution Polution degree 2 Polution degree 3
(DC) degreet
va Al Iy ial Iy ial Iy ial Iy | M | M |
material group- group-H group-Hi group-} group-H group-H
groups
mm mm mm mm mm mm mm
1-0g0 3.2 5.0 =+ 10 13 14 16
1500 5.2 +5 10 = e 24 24
e
Valued
Voltage Pollution Pollution degree 2 Pollution degree 3 Distpnce
(V D¢) degree 1 thrqugh
All Material Material Materjal Material | Material Material cerjr; rr:tted
material group | group Il group.ti group | group Il group Il
groups
mm mm mm mm mm mm mm mm
< 35 0,2 0,6 1,0 1,2 1,5 1,7 1,9 0} 1
100 0,3 0,7 1.0 1,4 1,8 2,0 2,2 0} 2
150 0,3 0,8 1,1 1,6 2,0 2,2 2,5 0} 3
200 0,4 1,0 1,4 2,0 2,5 2,8 3,2 03
300 0,7 N9 2,1 3,0 3,8 4,2 4,7 05
600 1,7 3,0 4,3 6,0 7,6 8,6 9,5 0} 7
1.00p 3,2 5,0 7.1 10 13 14 16 11,0
150p 9,2 7,5 10 15 19 21 24 17
Linear intefpolation is allowed.
Values_for reinforced or double insulation are twice the values for basic insulation

The sufficient insulation of the adhesive area between module and junction box is checked by
tests of test groups E, F and G of 5.4 under consideration of increased test voltages (see
relevant test). In case that the tests have been passed, the distances through cemented joints
shall be dimensioned as listed in the last column of Table 3.

NOTE Details for cemented joints can be found in IEC 61730-1.
4.15.2.2 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 dimensioned-for according to pollution degree 2, pollution degree 1
may be applied if relevant requirements of Annex B are fulfilled.
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In case potting material is used, the test of Annex B shall be performed on the junction box

togeth

4.15.2

er with the associated module.

.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 | CTl > 600

Material Group Il 400 < CTIl < 600

Material Group llla 175 < CTl <400

Material Group lllb 100 < CTl < 175

A -mat

methoj

The vplues specified for the groups are reference values and based on)the test voltage of

IEC 60112.

NOTE |The CTl-value is not in relation to a system or working voltage of a PV fmodule or system.

The tgst for comparative tracking index (CTI) in accordance with IEC 60112 is desighed to

compare the performance of various insulating materials “under test conditions. It gfves a

qualitative comparison and in the case of insulating{materials having a tendency t¢ form

tracksy it also gives a quantitative comparison.

4.16 |Insulation parts

4.16.1 Outer accessible parts

Outer [accessible parts consisting of insulating material, whose deterioration could impair the

safety|of the junction box, shall meet(following requirements:

a) Flammability class minimum- V-1 in accordance with IEC 60695-11-10. This shjall be
proved by a data sheet of the material supplier or a test on the end-product or prgpared
test plates. See 5.3.12.1.

If the wall thicknesshis less than 3,0 mm then flammability class 5-V in accordance with
IEC 60695-11-20(shall be fulfilled on the end product. See 5.3.12.2.

b) Weather resistance, checked by the test-accerding-te specified in 5.3.11 followed py the
glow wire test of 5.3.14 a).

c) Tgmperature resistance in accordance with 5.3.13 a) shall be fulfilled.

d) Apgpfeval of relative thermal endurance, relative thermal index or temperature|index
(RTEIIRT: Ul T:) ;II GUUUIdGIIbU thh :EC 00210 5 Ul :EC 30218 1 \VIG:UUO oha:: |VAv] :I\.ted In

the technical documentation.

Relevant RTI values evaluated in accordance with UL 746B are accepted as an alternative

to

RTE.

4.16.2 Inner parts keeping active parts in position

Inner parts consisting of insulating material keeping active parts in position shall meet the
following requirements:

a) Flammability class minimum HB in accordance with IEC 60695-11-10. This shall be
proved by a data sheet of the material supplier or a test on the end-product or prepared
test plates. See 5.3.12.1.

b) Test in accordance with 5.3.14 b) shall be fulfilled.
c) Temperature resistance in accordance with 5.3.13 b) shall be fulfilled.
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d) Approval of relative thermal endurance, relative thermal index or temperature index
(RTE/RTI or TI) in accordance with IEC 60216-5 or IEC 60216-1. Values shall be listed in
the technical documentation.

Relevant RTI values evaluated in accordance with UL 746B are accepted as an alternative
to RTE.

The requirements of this subclause apply also for potting material which keeps active parts in
position.

4.17 Current carrying parts and resistance against corrosion

4.17.1 Metalpa hatl-be-so-desigred-tha orresion—shat-retimpat afep—with—regard to
electrical and mechanical characteristics.

All cufrent carrying parts shall consist of metal, such that under normal operation, a sufficient
mecha@nical strength, electrical conductivity and corrosion resistance are given,

The rgquirements of 5.5.3.1 of IEC 61730-1:2016 apply.

4.18 |Sealing

Gaskdts and seals shall not deteriorate after the acecelerated ageing test of 5.3.15.

4.19 |Bypass-diode

The bypass-diode and heat dissipation applied to limit the detrimental effects of module hot-
spot susceptibility shall be sufficient forithé module.

Bypasjs diodes in parallel are permitted in case that one of both diodes is able to cafry the
rated purrent of junction box without exceeding the maximum junction temperature. If Qypass
diodeg are operated in parallel they shall be thermally coupled.

4.20 |Knock-out inlets(outlets) intended to be removed by mechanical impact

It shal] be possibletto.femove knock-out inlets (outlets) intended to be removed by mechanical
impact without damaging the box.

For knockrout'inlets (outlets) for cables, chips or burrs are not accepted.

F k ) Finlota [ tlaota) £ it oL £ HY + b h
or OO UUT e TS (UUT TS TUT CUTTU OIS aTTar O TUT OGS T witi a grormimo T U a o TimoTarts;, C IpS

and burrs are disregarded.

Approval is given by test according to 5.3.20.

5 Tests

5.1 General

5.1.1 The test programme consists both of safety tests and of qualification tests as
specified by standards for components and for PV-modules and -systems.
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5.1.2 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.

Table 4 — Number of specimens

Test Description of specimen Number
Group A | Separate specimen, provided with all markings and components. 1
Group B | Separate specimen, provided with all markings and components. 3

B3 Test plates of polymer materials serving as an enclosure and of polymers serving as 1
support for live metal parts, each
B4 Additional test plate of potting material, if applicable. 1

B1p Specimen mounted on back-sheet material, potted (if applicable). 1
Group C | Separate specimen, provided with all markings and components. 1
Group D | Separate specimen, provided with all markings and components. 5
Group E | Specimen mounted on relevant back-sheet material with relevant adhesive)potted (if 12

applicable). Cell connections bent and connected as described in 5.2.57 Intended cable
shall be connected.

Group F | Specimen mounted on relevant back-sheet material with relevant(adhesive, potted (if 12
applicable). Cell connections bent and connected as described(in 5.2.5. Intended cable
shall be connected.

Group G | Specimen mounted on relevant back-sheet material with relevant adhesive, potted (if 12
applicable). Cell connections bent and connected as deScribed in 5.2.5. Intended cable
shall be connected.

H Specimen mounted on relevant back-sheet material with relevant adhesive, potted (if 1Ppoe
applicable). Cell connections bent and connecéted' as described in 5.2.5. Intended cable
shall be connected.

11 Specimens prepared in accordance with'5.2.6. 1Ppoe

Group J Specimen mounted on relevant backzsheet material with relevant adhesive, potted (if 12
applicable). Cell connections bent'and connected as described in 5.2.5. Intended cable
shall be connected.

a8 If fhe junction box is intended to be.mounted on several back-sheet materials and/or fixed with geveral
adhesives and/or potted with several potting materials, the tests shall be performed in all p¢ssible
combinations with the relevant humber of specimens.

b If the junction box is intended- to be used with several types and/or combinations of bypass-diodes |and/or
seVYeral rated currents ofSjuniction box, the tests shall be performed in all possible configurations wjth the
relgvant number of specimens.

¢ Is|If the junctiontbox is intended to be potted such that the bypass-diodes are not accessible, the
thgrmocouplessshall be fixed before potting upon consultation with the testing body.

4—1Is {he

i
+tS—{Re—JuH

shgl-be fixed before

unction-boxintended-to-be notted such-that the bvynass-diodes-are not acecessiblethe thermocbuples
HCHORP Hterceato-bepotiec—suchthatthe bypass-atoaesarehota SStotre—thRe—tnerm Hpies

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

5.1.4 The tests on the terminations shall be made on-three all terminations per specimen;

5.1.5 The specimen is deemed not to comply with this document 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 that may have affected the result shall be repeated on a new
specimen, which shall then pass all of the repeated tests.

5.1.6 All visual examination tests should be performed with the naked eye, unless
otherwise specified.


https://iecnorm.com/api/?name=0a9b42ce7ea52acb90779b638d504b4a

—26 — IEC 62790:2020 RLV © IEC 2020

5.2 Preparation of specimens

5.21 Specimens shall be pre-conditioned under standard conditions in accordance with
IEC 60068-1 before testing for a period of 24 h at (25 + 5) °C.

5.2.2 The tests shall be carried out with copper conductors unless otherwise specified by
the manufacturer and with the type of conductor specified for the junction box. If terminations
are provided for all types of conductors (solid, stranded and flexible), the tests shall be carried
out with conductors representing the worst case.

5.2.3 For the cell-connections, conductors as specified from the manufacturer shall be

connegted—so—as—to—represent-the—worstcase—Forsome—tests—itisrnrecessary—tohaye cell

conneptions-electrically-connected short-circuited.

5.2.4 Screw-type clamping units shall be tightened with the value of the torque stipjulated

in Tablle 5, in accordance with IEC 60999-1, unless otherwise specified by thesmanufactyrer.

Table 5 — Values of torque for screw-type clampingnits
Values of torque for metallic and non-metallic screws
Nominal diameter of thread

| 1 11 I\

mm Nm Nm Nm Nm
<2,8 0,2 0,4 0,4 0,7

> 2,8 up to 3,0 0,25 0,5 0,5 0,9
>3,0upto 3,2 0,3 0,6 0,6 1,1
> 3,2 up to 3,6 0,4 0,8 0,8 1,4
> 3,6 up to 4,1 0,7 1,2 1,2 1,8
> 4,1 upto 4,7 0,8 1,8 1,8 2,3
> 4,7 up to 5,3 0,8 2,0 2,0 4,0
> 5,3 up to 6,0 1,2 2,5 3,0 4,4
> 6,0 up to 8,0 2,5 3,5 6,0 4,7
> 8,0 3,0° 4,0 10,0 5,0

a8  Or fo be specified by the manufacturer.

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

Column I applies to nuts of mantle clamping units tightened by means of a screwdriver.

Column Il applies to screws and nuts, other than nuts of mantle clamping units, tightened by mear|s other

than a screwdriver.

Column IV applies to screws tightened by means of a cross-slotted screwdriver.

5.2.5 Unless otherwise specified in the test schedule, all tests shall be made on the
specimen completely assembled in accordance with the instructions of the manufacturer.

A sufficient number of specimens shall be glued on a mounting surface as in normal use.
The mounting surface shall consist of the same material as the back-sheet material of the
module on which the box is intended to be fixed. If the box is intended to be fixed with several
adhesives on several back-sheet materials, a sufficient number of specimens for each
material shall be tested. The tests shall be carried out with the maximum specified number of
bypass diodes in arrangement covering the worst-case condition.
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The cell connections shall be bent down and fixed such that they have a conductive
connection to the mounting surface. For some tests, it is necessary to have cell connections

electricallyconnected short-circuited.

5.2.6 For the reverse current test, the specimens shall be mounted on relevant back-sheet
material with relevant adhesive, potted (if applicable). The terminals of the cell connections
shall be short-circuited with conductors of the maximum cross-section as specified by the
manufacturer. The intended cable shall be connected; blocking diodes shall be short-circuited.

5.3 Performance of tests

5.3.1 —General

In acgordance with the test schedule given in 5.4, the general test methods speci]ied in
Table [8 to Table-45 17 shall be applied.

5.3.2 Durability of marking

The tgst of the durability of marking shall be done as a wet test in aceordance with tést Xb
(abragion of marking) of IEC 60068-2-70. For the test piston, size 1.shall be used and the test
liquid ghall be water. A force of 5 N shall be applied for a duration.of10 cycles.

After the test, the marking shall still be legible.

This test shall also be carried out at an additional sticker (if applicable) with the wprning
notice|listed under m) of 4.2.1, if applicable.

The tgst shall not be carried out on imprinted markings.

5.3.3 Fixing of lid on rewirable junctioh box
5.3.3. General

Tests |[in accordance with 5.3.3 2t-and 5.3.3.3 shall be performed on a specimen that has
already passed test sequences of test groups E and F.

5.3.3.2 Screw-fixed lid
Screws intended to fix_the lid shall be tightened and loosened:

— 10jtimes for@-metal-screw entering threaded insulating material;

— 5 tjmes forother screws.

Screws.and nuts entering threaded insulating material and screws made of insulating mpterial
are to‘be—removed-and-reinserted—completely—eachtime—Thetestshal-beperformed—using a
suitable screwdriver or an appropriate tool applying a torque as indicated in Table 5. Greater
values of torque may be used if specified by the manufacturer.

During the test, there shall be no damage, such as breakage of screw, damage of the slot of
the head (which makes further use of the appropriate screwdriver impossible) or damage of
the threads or to the enclosure impairing the further use of the fixing means. The screws shall
be tightened in a smooth manner.

5.3.3.3 Screwless fixing of lid

Enclosures shall be tested with the test probe 11 in accordance with IEC 61032 applied with a
force of 75 N for one minute to all areas where this could cause a loosening of the lid. During
the test, the lid shall not come off.
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However, the lid shall detach without any damage when using a suitable tool as described in
the specification of the manufacturer.

5.3.4 Protection against electric shock

5.3.4.1 The junction box shall be tested by the test probe 11 in accordance with IEC 61032
using a test force of 20 N. For the test, all covers and housing parts that are detachable
without a tool shall be removed. It shall not be possible to access live parts.

5.3.4.2 The relevant tests to verify the specified IP-Code in accordance with IEC 60529 shall

be performed on the specimen in accordance with 5.2.5 with attached cables and/or mated
Attachaod call connnactianc GCaclkate chall b r\d nnnnnnn danca wHh 5 2 11:

and +i a0
plugs prd-attached-eeH-econneections—Gaskets—shallbeaged-iracecordaneewith-6-3-

If the second numeral of the IP-Code for protection against ingress of water is IPX/.8r higher,
a supplement test for IPx5 shall be performed since IPx7 or higher do not covef\the lower IP-
Codeqy.

5.3.5 Measurement of clearances and creepage distances

Cleargnces and creepage distances shall be measured in accordancelwith IEC 60664-1 taking
into cgnsideration the requirements listed in Annex C.

5.3.6 Dielectric strength
For vdrification of the insulation, the following tests are(applicable:

a) impulse withstand test:

thg impulse withstand test shall be carried out'with a voltage having a 1,2/50 pus wayeform
in pccordance with I[EC 60060-1 with three \impulses of each polarity and an intervgl of at
legst 1 s between pulses. The output.dmpedance of the impulse generator shall pot be
higher than 500 Q. The test voltage ;shall comply with the rated impulse voltage takingg into
acgount the requirements of IEC 60664-1.

b) RMS withstand voltage test:

thg voltage proof test shall-beperformed by applying an RMS withstand voltage (50/60 Hz)
with an RMS value of 1 000’V plus 2 times the rated voltage for basic insulation, and twice
this value for double ofwreinforced insulation. The test duration shall be 1 min.

The tgst voltage for both a) and b)-has-te shall be applied between the short-circuited putput
terminfals and a metal foil which is wrapped around the specimen after relevant conditioning.

The tgst voltage/for b) shall be applied additionally via the path of a cemented joint. The value
of the|voltage shall be multiplied by the factor 1,35.

5.3.7 —Resistancetocorrosion

Metal parts of boxes and enclosures shall be adequately protected against corrosion.

Compliance is checked by the following test.

All grease shall be removed from the parts to be tested, by immersion in a degreasing agent
for (10 £ 1) min. The parts are then immersed for (10 + 1) min in a 10 % solution of
ammonium chloride in water at a temperature of (20 £ 5) °C.

Without drying, but after shaking off any drops, the parts are then placed for (10 £ 1) min in a
box containing air with a relative humidity of 91 % to 95 % at a temperature of (20 £ 5) °C.

After the parts have been dried for (10 £ 1) min in a heating cabinet at a temperature of
(100 + 5) °C, their surface shall show no sign of corrosion.
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NOTE Traces of corrosion on sharp edges and any yellowish film removable by rubbing are ignored.
5.3.8 Mechanical strength at lower temperatures

Before the tests, the specimens are stored for 5 h at a temperature of —40 °C on a 20 mm
thick steel plate. The tests are carried out immediately after the end of the storage duration in
the cold chamber.

The test shall be carried out in accordance with the following procedure.

Four impacts on the specimen having an energy of 1 J per impact with an appropriate impact
test apparatus in accordance with IEC 60068-2-75 shall be carried out at four uniformly
distributed positions on the circumference.

The tgst is passed successfully if no damage that may impair the function of the_junction box
is eviflent. Creepage distances and clearances as well as solid insulation;shall not be
impaired.

5.3.9 Thermal cycle test (IEC 60068-2-14:2009, Test Nb)

5.3.9.1 The specimens shall be prepared in accordance with 5:2.5'with attached and|short-
circuitpd cell-connections.

Beforg performance of the thermal cycle, the initial contact resistance—has—te shpll be
measyred as described in 5.3.19. After the environmental and subsequent dielectric stfength
tests ¢f test sequence E the measurement-has-to shall be repeated.

The test shall be carried out in a climatic chamber. A thermal cycle in accordancg with
Figurg 1 shall be applied. For the number of gycles refer to 5.3.9.2 and 5.3.9.3.

The tlansfer time between upper and:lower temperatures shall not exceed 100 °C/h. The
upper|and lower temperatures shall be™held for a minimum of 10 min after thermal equilibrium
of the[specimen is reached.

During the thermal cycle testthe rated current shall be applied such that it is conducted via
each fermination as described in 5.3.19.

The tgst plate with the rounted junction box shall be carried into the climatic chamberfand a
force ¢f 5 N shall be applied vertically during the test.

a) Ingtall the test plate at room temperature in the chamber. Attach a single 5 N weight|to the
junctionbex using one of two options. The weight may be attached utilizing the elgctrical
teqmin@tion leads of each junction box so that it hangs down vertically from the junction

boiy.as shown in Figure 8 a). The weight may also be attached to the junction box ujsing a

wirgmtroduced by the tester, a5 STowT 1T Figure 8 b) i etther case, the weightshall not

touch the test plate back surface, and shall be at least 5 cm above the floor at the start of
the test, as indicated in Figure 8 b). For that the wire may be fixed by drilling one or more
holes to the junction box or by wrapping it around. The weight shall not be attached to the

lid.

b) Attach a suitable temperature sensor to the front surface of the junction box near the
middle.

c) Close the chamber and subject the test plates to cycling between measured junction box
temperatures of (-40 + 2) °C and (+85 £ 2) °C, in accordance with the profile in Figure 1.
The rate of change of temperature between the low and high extremes shall not exceed
100 °C/h and the junction box temperature shall remain stable at each extreme for a
period of at least 10 min. The cycle time shall not exceed 6 h unless the junction box has
such a high heat capacity that a longer cycle is required. The number of cycles shall be as
listed in 5.3.9.2 and 5.3.9.3. Air circulation around the junction box shall ensure
compliance with each junction box under test meeting the temperature cycling profile.
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d) Throughout the test, record the junction box temperature.

The temperature shall be measured with a suitable temperature sensor that is attached on the
outer surface of the enclosure and connected to the temperature-monitoring equipment.

During the thermal cycling test set the continuous current flow as shown in Figure 1 during the
heat up cycle to the rated current at temperature from -40 °C to +80 °C. During cool down,
the —-40 °C dwell phase and temperatures above +80 °C, the continuous current shall be
switched off.

5.3.9.2 The number of cycles for test sequence E is 200.

5.3.9.3 The number of cycles for test sequence G is 50.

5.3.100 Damp heat test

The specimens shall be prepared in accordance with 5.2.5 with attached\and short-cifcuited
cell-cqnnections.

The t¢st plate with the mounted junction box-has—te shall beccarried out into the cl|imatic
chamber and a weight of 5 N-has-te shall be applied vertically during the test.

The test shall be carried out in accordance with IEC 60068-2-78 with the followinjg test
conditjons:

— tegt temperature: maximum working temperature, minimum (+85 + 2) °C;
— relptive humidity:  (+85 = 5) %;

— tegt duration: 1 000 h.

5.3.1J Weather resistance test

The wWeather resistance test shall beperformed on relevant specimens and on the stigker in
accordance with the requirements of 1SO 4892-2 or 1SO 4892-3 under the following
conditjons:

— spdgctral irradiance: minimum 60 W/m?Z;

— bandpass: 300 nm to 400 nm;

— Black Standard.Temperature (BST): 65 °C;

— relgtive humidity: 65 %;

— cydles: 18 min spraying, 102 min drying with Xenon lamp
or equivalent lamp;

— duratten: 566+~

5.3.12 Flammability class

5.3.12.1 The test shall be performed in accordance with flammability class V-1 of
IEC 60695-11-10 for outer accessible parts and flammability class HB of IEC 60695-11-10 for
inner parts on an adequate sample of material.

5.3.12.2 The test shall be performed in accordance with flammability class 5V of
IEC 60695-11-20 on the end-product.

The mounted and closed junction box-has-te shall be installed in a position as shown in Figure
5. The flame-has-te shall be applied at all outer locations where, in some areas (e.g. where a
terminal is mounted inside the box) an arcing might cause an ignition.
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The result is assessed in accordance with flammability class 5VB.

5.3.13 Ball pressure test

The test shall be performed in a heating cabinet in accordance with IEC 60695-10-2 at one of

the following temperatures

a) (90 + 2) °C for outer materials providing protection against electric shock,

b) (125 + 2) °C for materials serving as a support for live metal parts.

5.3.14 Glow wire test

The glow wire test shall be performed in accordance with IEC 60695-2-11. Jhe¢ test

tempefature is

a) 650 °C for outer materials providing protection against electric shock,

b) 750 °C for materials necessary to retain current carrying parts in position’and for gotting
material, if applicable.

5.3.15 Resistance against ageing

Gaskdts (e.g. separate polymer seals) shall be separated from_the junction box or Iid and

shall he stored in a heating cabinet for 240 h at (100 + 5) °C.and’subsequently cooled fqr 16 h

at ambient temperature.

Gaskdts that are not intended to be separated from thevjunction box or the lid shall be fested

with the junction box or the lid.

Aftar roctarina the aacket to the lid or iunetiod hox -the lid muct he eclosed and onened 10

After testoring-thegasket-to-the lidorjunctigd boxthe lid-must be closed-and opened-10

times

For jupction boxes designed to be re-opened the lid shall be closed and opened 10 timep (e.g

for rewirable junction boxes). For otkler junction boxes the lid shall be closed once.

Compliance shall be checked~by verifying the |IP-code-accerding-totEC 80529 in accoirldance

with 5|3.4.2.

5.3.16 Wet leakage-current test

5.3.16.1 General

The specimens-shall be prepared in accordance with 5.2.5 with attached and short-cifcuited

cell-cqnnections.

5.3.16-2 _ToStoguipment Apparatus

a) A basin or tank of sufficient size to accept the specimen, which shall be placed in the

water/wetting agent solution in a flat, horizontal position.

b) The basin or tank shall contain a water/wetting agent solution meeting the following
requirements:
— resistivity: 3 500 Q cm or less;
— temperature: (22 +2) °C.
The depth of the solution shall be sufficient to cover all surfaces between the mounting
surface and box.

c) Spray equipment containing the same solution.

d) DC voltage source, with current limitation, capable of applying 500 V or the maximum

rated voltage as specified by the manufacturer, whichever is greater. In case of cemented
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joints the DC voltage source shall be capable of applying the test voltage multiplied by the
factor 1,35.

e) Measurement device to measure insulation resistance.
5.3.16.3 Procedure

All connections shall be representative of the recommended wiring installation and
precautions shall be taken to ensure that leakage currents do not originate from wiring of the
measurement device.

a) Immerse the specimen in the tank of the required solution to a depth sufficient to cover all
surfaces between the mounting surface and box. The cable entries and connectors shall
be| thoroughly sprayed with solution, if applicable.

b) Cqnnect the short-circuited output terminals of the test specimen to the positivestefminal
of [the test equipment. Connect the liquid test solution to the negative terminal of the test
equipment using a suitable metallic conductor.

c) Ingrease the voltage applied by the test equipment at a rate not to exéeed 500 V [s~1 to
500 V or to the maximum rated voltage as specified by the manufacturer, whichgver is
greater. This value of the test voltage shall be multiplied by the factor 1,35 when chg¢cking
cemented joints. Then determine the insulation resistance.

d) Regduce the applied voltage to zero and short-circuit the terminals of the test equipment to
digcharge the voltage build-up in the test setup.

5.3.171 Humidity freeze test

5.3.17.1 General

The specimens shall be prepared in accordance<with 5.2.5 with attached and short-cifcuited
cell-cqnnections.

5.3.17.2 Apparatus

a) A glimatic chamber with automatic temperature and humidity control, capable of subjecting
onf or more specimens to the humidity-freeze cycle specified in Figure 2.
a

b) Mgans for mounting or supporting the specimen in the chamber, so as to alloyw free
circulation of the surrounding air. The thermal conduction of the mount or support shall be
low, so that, for practical purposes, the specimen is thermally isolated.

5.3.17.3 Procedure

a) Atjach a suitable temperature sensor to the front or back surface of the specimen(s) near
the¢ middle.

b) Ingtall thesspecimen(s) in the climatic chamber at room temperature.

c) Afferrclosing the chamber, subject the specimen(s) to 10 complete cycles in accondance
with\the profile of Figure 2. The maximum and minimum temperatures shall be |within

12 °C of the specmed levels and the relative humidity shall be maintained within +5 %-of

: e when the temperature is

at the maximum value of +85 °C.

d) Throughout the test, record the specimen temperature.

e) Then the specimen(s) are stored for a recovery time between 2 h and 4 h at room
temperature.

5.3.17.4 Final measurements

A visual check and the RMS withstand voltage test in accordance with 5.3.6 b) shall be
performed. For performing the withstand voltage test, wrap a conductive foil around the edges
of specimen(s).
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5.3.18 Bypass diode thermal test

5.3.18.1 General

This test is equivalent to MQT 18.1 of IEC 61215-2:2016 with the following differences:

MQT 18.1 of IEC 61215-2:2016 applies with the exception that "module" shall be replaced by
"test specimen", and that the applied test current shall refer to the "rated current of the
junction box" instead of "short circuit current of the module".

5.3.18.2 Apparatus Test sample A
3 Maan or- heating the ambient temperatyre inthe shecimen-to 5 5\ °C Qy
. - Q

The ¢pecimens shall be prepared in accordan |th 5.2.5 and Table 4, item H1.
Thermlocouples shall be fixed at the relevant ins materials to determine if the valpes of
Tl, RT|[E/RTI are not exceeded. Wires for the me&ement of voltage drop and current|at the
bypasp diode shall be fixed as shown in F|gureé

5.3.18.3 Procedure ®$
W

MQT [18.1 of IEC 61215-2:2016 appl'e‘éwith the exception that a) and b) within "Procgdure”
(4.18.11.3 of IEC 61215-2:2016) stl{el e replaced by the following:

a) Operation of diodes in th firection of current flow.
b) Cagnnect wires of the manufacturer's minimum recommended-wire-gauge cross section to
the output terminals &he junction box.

NOTE |Some boxes I‘Q))e overlapping bypass diode circuits. In this case, it may be necéssary
to install a jumpa%ble to ensure that all of the current is flowing through one bypass d|ode.
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Additionally the following modification shall be made:

5.3.18.4 Requirements

After—that the test of MQT 18.1 the diode shall be still operational and there<shall |be no
evidenjce of major visual defects according to Clause 8 of IEC 61215-1:2016.'and additional
defects such as:

e cufrent carrying parts-are not-kept retained in the original position,

e deformation of insulation parts serving as protection against electric*shock,

o other deformation of insulation parts which could impair safety or function of the junction
bok.

5.3.19 Test of terminations and connection methods

All te:lminations and connection methods shall be tested in accordance with their reflevant
IEC-sfandards as listed in 4.4.

Contaft resistance-has-te shall be measured far all terminations and connection methdds for
externfal cables and ribbons before and after’environmental and subsequent dielectric stfength
tests ¢f test sequence E.

The cpntact resistance shall be measured between external cable and connected ribQon as
showr] in Figure 6 by applicationlof a DC current of 1 A. The voltage drop-has—te shall be
measyred and the contact resistance-has—te shall be calculated. These determined YValues
have—{te shall be listed as-/reference resistance and shall not exceed 5 mQ.| After
acconjplishment of thermal cycles and subsequent dielectric strength tests the measurement
of contact resistance shall'be repeated as described above. The determined values shpll not
exceef 150 % of the(reference resistance.

Interngl conneciors shall meet the relevant tests of IEC 62852. The number of cycles|in the
thermal cycle. (shock) test of IEC 62852 shall be 800.

5.3.20 -“Knock-out inlets (outlets) intended to be removed by mechanical impact

5.3.20.1 Knock-out retention
5.3.20.1.1 Procedure

For boxes and enclosures having knock-outs accessible after installation, a force of (45+ 1) N
shall be applied to a knock-out for (15 + 1) s by means of a 6 mm diameter mandrel with a flat
end. The force-is-te shall be applied without a blow in a direction perpendicular to the plane of
the knock-out and at a point most likely to cause movement.

5.3.20.1.2 Requirement

The knock-out shall remain in place and the degree of protection of the enclosure shall be
unchanged when measured 1 h after the force has been removed.
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5.3.20.2 Knock-out removal
5.3.20.2.1 Procedure

The knock-outs shall be removed by means of a tool, as stated by the manufacturer. The side
edge of a screwdriver may be run along the edge of the knock-out opening once to remove
any fragile tabs remaining along the edge.

The test is repeated with one box or enclosure that has been conditioned for 5 h + 10 min in
air maintained at the temperature (-20 £ 2) °C. Immediately following this conditioning, the
knock-out-is-te shall be removed as above. For a box and an enclosure employing multi-stage
knock-outs, there shall be no displacement of a larger stage when a smaller stage is removed.

5.3.20.2.2 Requirement

After the test, there shall be no sharp edges except for knock-out inlets (outlets) for canduits
and/oll for use with a grommet or a membrane. The box and enclosure shall-hat'be damdged.

5.3.21 Test of cord anchorage

5.3.21.1 Junction boxes intended to be used with cables specified by the
manufacturer

For jupction boxes intended to be used with the manufacturer specified cables, the test$ shall
be pefformed with cables as stated by the manufacturer.

The uploaded cable shall be marked so that any-.displacement relative to the gland dan be
easily|detected.

The cable is pulled for a duration of 1 s, 50 times, without jerks in the direction of the ax|s with
the relevant force as specified in Table 6,

At the|end of this period, the displacément shall not exceed 2 mm. This measurement shall be
carriedl out after unloading the force from the cable.

Afterwlards, the specimen shalt’be mounted in the test apparatus for the torque test.

The uphloaded cable shall be marked so that any torsion relative to the gland can be |easily
detected, and thena'terque as specified in Table 7 shall be applied for 1 min.

During the test,the torsion shall not exceed 45°.

5.3.21.2¢,Junction boxes intended to be used with generic cables

A test mandrel equivalent to the minimum value of the anchorage range of the cable gland, as
specified by the manufacturer or supplier, with a sheath thickness as specified in Table 6 shall
be fixed to the sample.

The unloaded test mandrel shall be marked so that any displacement relative to the gland can
be easily detected.

The test mandrel shall be pulled for a duration of 1 s, 50 times, without jerks in the direction
of the axis with the relevant force as specified in Table 6.

At the end of this period, the displacement shall not exceed 2 mm. This measurement-is—te
shall be carried out after unloading the force from the test mandrel.
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Unless otherwise specified, test mandrels shall consist of a metallic rod with an elastomeric
sheath having a hardness of 70 Shore D + 10 points in accordance with ISO 868 and a
sheath thickness as specified in Table 6 or Table 7. The complete test mandrel shall have a
tolerance of +0,2 mm for mandrels up to and including 16 mm diameter and +£0,3 mm for
mandrels larger than 16 mm diameter. The shape shall be circular or a profile simulating the
outer dimension of the cable as specified by the manufacturer or supplier.

Table 6 — Pull forces for cord anchorage

Cable diameter Pull force Minimum sheath thickness of test mandrel

mm N mm
Up to 4 - 1@
>41to8 30 1
> 8 to 11 42 2
>11to 16 55 2
> 16 to 23 70 2
> 23 to 31 80 2
> 31 to 43 90 2
> 43 to 55 100 2
> 55 115 2

2 For

cable diameters up to 4 mm, a suitable non-metallic mandrel may be used.

NOTE 1

Afterw

The u

During

The tg
of the

A typical arrangement for the pull test is shown in Figure 3.

ards the specimen shall be mounted in‘the test apparatus for the torque test.

the test, the torsion shallknot exceed 45°.

nloaded cable shall be marked so'that any torsion relative to the gland can be |easily
detectied, and then a torque specified.in Table 7 is applied for 1 min.

rsion test shall besperformed by using a test mandrel equivalent to the maximum| value
anchorage range.of the cable gland, as specified by the manufacturer or supplief, with

a torque for the appropriate maximum cable diameter as specified in Table 7.
NOTE 34 A typicalarrangement for the torsion test is shown in Figure 4.
Table 7 — Values for torsion test
—Cable diameter Torque MRTmum sheath thickness of test
mandrel

mm Nm mm

>41t08 0,10 1

> 8 to 11 0,15 2

>11to 16 0,35 2

> 16 to 23 0,60 2

> 23 to 31 0,80 2

> 31to 43 0,90 2

> 43 to 55 1,00 2

> 55 1,20 2
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5.3.22

5.3.22.

Retention on the mounting surface

1 Tests—according—te specified in 5.3.22.2 and 5.3.22.3 shall be performed

on a

specimen that has passed the test sequences of test groups-E-and-F F and G. During the test,
there shall be no displacement of the junction box at the mounting surface that would impair
the isolating characteristics.

The test shall be performed under consideration of the requirements of 5.2.5.

5.3.22.2 A force of 40 N shall be gradually increased and applied for 30 min in each
direction in steps of 90° parallel to the mounting surface.

5.3.22.

a dire

The pull force should be applied at the centre point of the box.

5.3.23

5.3.23.
a) MIans for heating the specimen to the upper rated ambient’temperature.

b) M

Reverse current test at junction box

1 Apparatus

3 A force of 40 N shall be gradually increased and applied for 30 min without jeLks, in
ttion perpendicular to the mounting surface.

ans for applying a current equal to the reverse current‘of the junction box under tést.

c) Mgans for detection of the point at the outer €urface having the highest tempdrature
du}ing the test, for example an infrared sensor.

d) Means for measurement and record of temperature, for example a thermocouple.

5.3.23.2 Procedure

a) All blocking diodes shall be short-citcgited.

b) Caqnnect cables of the manufacturer’s minimum recommended cross section to the putput
tepminals of the junction box.

c) The specimen shall be placed with its back on a pineboard in a horlzontal pasition;
celroroeb o clnale loan et ehonesslat
copmen—eithoJunetie Dosc oo thel the cwinn cnieen of b Dunodon Lo o oconnplotoly
EE R

d) Heat the specimen’ to the-upperrated maximum ambient temperature. Apply a curgent to
the specimen“equal to the reverse current 2 % of the junction box—fer2h. After 1 h
determinethe hottest point, for example by using an infrared camera, switch off cyrrent,
copl dowhto room temperature and attach a thermocouple to this point. Rehept the
specimen’ to the upper rated ambient temperature and reapply a current equal fo the

reyer§e current £2 % of the junction box for 1 h.

e) At

the end of the test, record the temperature measured by the thermocouple.
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5.4 Test schedule
Table 8 — Marking, information, documentation, test group A
1 2 3 4 5 6
Test Designation Test according to Specimen Measurements, Requirements
phase designation
A1 Marking 4.2.2 Label, sticker (or | Visual examination | Marking in accordance
similar) with with 4.2.2
warning notice
A2 Technical 4.2.3 Mounting Visual-examination Information in
documentation instruction accordance with 4.2.3
warning notice, Document and additiorjal
manual or similar inspection informatio
A3 Approval of Approval by data | Visualexaminatien 4.4, 4.5476, 4]16.1,
attached sheets or 4.16.2
components certificates for Document
cable inspection Components ghall
connectors. cable comply with the relevant
glands otc. standards
Upper limit tempgrature
shall not excedd the
RTE/RTI/TI vdlues
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Table 9 — Material test, test group B (single tests)

— 39 —

1 2 3 4 5 6
Test Designation Test according Specimen Measurements, Requirements
phase to designation
B1 Durability of 5.3.2 Label, sticker (or Wet test Marking easily legible
marking similar) with
warning notice
B2 Resistance to 5.3.7 Metal parts Chemical test No sign of corrosion on
corrosion surface
B3 Flammability class 5.3.12.1 Sample of Flammability test Requirements
petyrmers—Servng of-approvat-of H-eecorgaree—mith V-1
as an enclosure manufacturer of of.
and for polymers material IEC 60695-1,1-10 for
serving as a outer Qats arjd in
support for live accordance wit HB of
metal parts IEC 160695-11-0 for
inner partq.
B4 Weather resistance 5.3.11 Polymers serving | Weather resistance | No cracks, proceed with
test as an enclosure test in accordanece test of B5
with
ISO 4892 -2-amnd Marklng still Ieglble
ISO 4892-3
B5 Glow wire test 5.3.14 a) Specimen Glow wite’test with | No ignition of mfaterial
from B4 650 °C or support, or|self
extinguishing within
30s
B6 Glow wire test 5.3.14 b) Polymers serving | Glow wire test with | No ignition of mjaterial
as a support for 750 °C or support, or|self
live metal.parts extinguishing within
and potting 30s
material (test
sample)
B7 Ball pressure test 5.3.13 a) Polymers serving | Ball pressure test | Diameter of impfession
as an enclosure at 90 °C
< 2,0 mm
B8 Ball pressure test 5.3.13.b) Polymers serving | Ball pressure test | Diameter of impgession
as a support for at 125 °C
live metal parts <2,0 mm
B9 Resistance against 5.3.15 Gaskets Accelerated ageing No change of spaling
ageing in oven, 10 times characteris{ic
opening and )
closing of lid with req 'rEﬁwS:rllrt]s? ct>? TP test
integrated gasket. ut -
9 g in accordance With J1
Continue with-E+ and J2 of Table 17
J1 of Table 17
B10 Flammability class 5.3.12.2 Specimen Flammability test Requiremerts
fromC7 in in accordance with 5-VB
accordance with of IEC 60695-11-20

Table 4
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Table 10 — Constructional requirements, test group C (single tests)

1 2 3 4 5 6
Test Designation Test according to Specimen Measurements, Requirements
phase designation
C1 Protection against 4.3.3 Complete Visual examination No loosening or
electric shock specimen as displacement
described in - - -
C2 5.3.4.1 525 Test with test finger No live parts are
20N accessible
C3 General 4.8.64 Complete Visual examination Sufficient wall
construction specimen and measurement thickness in
aeeerdanee—with
IEC 61140 and fixing
C4 4.8.42 Complete Visual examination No sharpveddes
specimen
C5 Terminations and 4.4 4 and 444 Complete Visual examination Fix position jpf
connection methods 4.4.2 specimen terminals
Additional means for
soldered connegtions
C6 Clearances and 5.3.5, 4.14 and Complete Measurement Requirements of 4.14
creepage distances 4.15 specimen, shall be fulfilled
terminated
c7 Wall thickness 4.834.16.1 a) Complete Measurement Wall thickness|min.
specimen 3,0 mm, otherwige test
in accordance with B10
of Table 9
Cc8 Lids 4.3.2 Complete Visual examination | Requirements o{ 4.3.2
specimen shall be fulfilled
Table 11 — Mechanical tests, test group D (single tests)
1 2 3 4 5 6
Test Designation Test according to Specimen Measurements, Requirements
phase designation
D1 Terminations and 5/3.19 Complete Mechanical test of Requiremen{s of
connection methods specimen suitability of relevant-clause$ items
terminals and listed in 4.4.2 shall be
connections fulfilled.
D2 Knock-out inlets 5.3.20 4 complete Mechanical test Requirements of 5.3.20
(outlets) specimen shall be fulfilled.
D3 Cord anchorage 5.3.21 Cord anchorage Pull- and torsion Requirements of 5.3.21
test shall be fulfilled.
D4 Meehanical strength 5.3.8 Complete Impact test No damage, which may
at lower specimen impair functjon
eriperatures
D5 Fixing of lid 5.3.3 2 pre-aged Mechanical test No damage in

specimen from
Groups E and F

accordance with the
relevant subclause of
5.3.3
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(tests to be performed consecutively in this order)

41 -

Table 12 — Test sequence |, test group E

1 2 3 4 5 6
Test Designation Test Specimen Measurements, Requirements
phase according to designation
E1 Initial measurement 5.3.19 Complete Contact resistance Contact resistance
specimen in measurement <5 mQ
accordance with
525 and Test current: 1 A
Table 4 item Measuring points:
Group E. see Figure 6
E2 Wet leakage current 5.3.16 Insulation resistance | Insulation resjsjance
test not less than-4qo MQ
E3 Thermal cycle test 5.3.9 Thermal cycle test No visible'damlage,
which'could injpair
Test cycles: 200 function or safety
Attachment of rated
current, application
of a force of 5 M
E4 Dielectric strength 5.3.6 b) RMS withstand No flashover|or
voltage test breakdown of vo¢ltage
2000V +
(4 x_rated voltage)
ES Dielectric strength 5.3.6 a) Impulse withstand No flashover|or
test breakdown of v¢ltage
E6 Final measurement 5.3.19 Contact resistance Contact resist@nce
measurement < 150 % of initia| value
Test current: 1 A
Measuring points:
see Figure 6
E7 Wet leakage current 5.3.16 Insulation resistance | Insulation resisfance

test

not less than 4(J0 MQ
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Table 13 — Test sequence Il, test group F

1 2 3 4 5 6
Test Designation Test Specimen Measurements, Requirements
phase according to designation
F1 Wet leakage current 5.3.16 Specimen in Insulation resistance | Insulation resistance
test accordance with not less than 400 MQ
5.2.5 with
attached and
short-circuited
bUII-bUIIIIUbLiUIIb
F2 Damp heat 5.3.10 Ageing test No visible damage,
which ¢ould injpair
function or safety
F3 Resistance against 5.3.10 Visual test Noshéaring crgeping
shearing creeping occurred
F4 Retention on the 5.3.22 Mechanical test No loosening or
mounting surface displacemen{ of
specimen
Wet leakage current | Insulation resisfance
test-according to notless-than4do-Mo
5.3.16
F5 Dielectric strength 5.3.6 b) RMS withstand No flashover|or
voltage test breakdown of v¢ltage
2000V +
(4 x rated voltage)
F6 Wet leakage current 5.3.16 Insulation resistance | Insulation resisjance
test not less than 440 MQ
F7 Coating-test Annex-B Visual-inspection See-AnnexB
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Table 14 — Test sequence lll, test group G
(tests to be performed consecutively in this order)

4 2 3 4 s 6
shese to clesignaden
attached and
short-cireuited
cell-connections
mounting surface displacemert of
B |
Wet leakage current | Insulationresigtance
test-according to notless than 4p0-Ma
e
test resiciares notless than 4p0-Ma
1 2 3 4 5 6
Test Designation Test Specimen Measurements, Requirements
phasqg according to designation
G1 Thermal cycle test 5.3.9.3 Specimen’in Test cycles: 50 No visible damage,
accordalnte with ot which could injpair
5.2’5 and Appllciﬂ;)rr;notf rated function or safety
T@able 4, item
Group G Attachment of a
force of 5 N
G2 Humidity-freeze test 5.3.17 No visible damage,
which could injpair
function or safety
G3 Dielectric strength 5.3.6 b) RMS withstand No flashover|or
voltage test breakdown of v¢ltage
2000V +
(4 x rated voltage)
G4 Retention\en 5.3.22 Mechanical test No loosening or
mountingisurface displacemen{ of
specimen
G5 Wetdeakage current 5.3.16 Insulation resistance | Insulation resisjance
test not less than 440 MQ
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Table 15 — Test sequence IV, test group H
(tests to be performed consecutively in this order)

1 2 3 4 5 6
Test Designation Test Specimen Measurements, Requirements
phase according to designation
H1 Bypass diode 5.3.18 Specimen Requirements
thermal test deseribed in Smmedao e bt
accordance with . )
525 and Specified diode
Table 4. item maximum junction
Group! H1 temperature is not
exceeded—afterjest of
5.3.18.8
No evidefhtevof yisible
damages as desjcribed
n-5.3.18.4
H2 Wet leakage current 5.3.16 Insulation resistance | (Ihsulation resisjance
test not less than 490 MQ
Table 16 — Reverse current test, test group'l
1 2 3 4 5 6
Test Designation Test Specimen Measurements, Requiremerts
phase according to designation
11 Reverse current 5.3.23 Specimen No-flaming-ofjthe
test at junction box described in junction-box, jpor
accordandenwith flaming-or charrfng of
5.2.6-and R i R S
Tablénd; item B
Group 11 e

No flaming rfor
charring of the jynction
box. The maxijpum
measured surface
temperature during the
test shall not ejceed

150 °C
Table 17 — Test sequence V, test group J
(tests to be performed consecutively in this order)
1 2 3 4 5 6
Test Designation Test according Specimen Measurements, Requiremehts
phase to designation

J1 Begree-ofprotection 5342 Spectrenih HR-code SpeeifiedHdégree
accordance with minimum IP55 in

5.2.5 with accordance with

attached and IEC 60529.
short-circuited

cell-connections If IP-degree for

protection against
ingress of water is IPx7
or higher, IPx5 shall be

tested additionally.

J2 Dielectric strength 5.3.6 b) RMS withstand No flashover or

voltage test breakdown of voltage
2000V +
(4 x rated voltage)
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Figure 1 — Thermal cycling test — Temperature and-applied current profile

Specimen temperature (°C)

Continue for total of 1@7cycles

85 % * 5 %:RH

No RH control

+85 [
——-”/
100 °C/h max.
Room temperature
p Start of cycle End of cycle
200 °C/h max
4n
0,5 h min.
20 h min. I 4 h max. ]
Time (h)

Figure 2 — Humidity-freeze cycle

IEC
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Pivot point

Fulcrum
point

Crank arm

Bearings enabling

Locknut

Load retaining
<+ device

Figure 3 — Typical arrangement for the‘cable anchorage pull test

Device for securing
test mandrel Sample securing plate

(interchangeable)

Sample

easy rotation

Test mandrel

I

IEC

Fixed rotational
indicator

- Directipon of
ﬁd&\ rotatio
73

\/

Rotating
indicator

=]

Radius

Load
IEC

Figure 4 — Typical arrangement for torsion test
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Figure 6= Measurementof voltagedrop
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+] +V
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e

Bypass diode |

Cell Cell

IEC

Figure 7 — Bypass diode thermal test
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J-Box J-Box
v +K
\ J-BOX
5 N weight 5 N weight
[EC
a) Utilizing the leads
-~ /
x
o]
@
\ + = -
)
4 4
/ T~y
5 N weight IEC
b) Using a*wire around the perimeter of the junction box
Figure 8 2\Proper attachment of 5 N weight to junction box
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Annex A
(informative)

Symbol "Do not disconnect under load™

The following symbols in Figure A.1 and Figure A.2 may be used to show that a PV-connector
shall not be disconnected under load.

«—STOP | —

.

IEC

Figure A.1 — Symbol "DO NOT DISCONNECT UNDER LOAD"

- 3

< ]

IEC

Figure A.2 — Symbol "DO NOT DISCONNECT UNDER LOAD" (IEC 60417-6070:2011-06)
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B.1

Annex B
(normative)

Qualification of conformal coatings for protection against pollut

General

ion

This annex covers requirements for conformal coatings used to reduce the pollution degree.

Confo

rmal coatings shall meet the requirements of Clauses B.2 and B.3

NOTE
of coat

The requirements of Clause B.2 ensure that the conformal coating has been suitably rated for‘the
ng. The requirements of Clause B.3 ensure that the coating will continue to adhere to the‘surfac

environmental and physical stresses.

Confofmity is checked as specified in Clauses B.2 and B.3.

B.2 |Technical properties

The tgchnical properties of conformal coatings shall be suitable for the intended appli

In particular:

a) the rated operating temperature range shall include the temperature range of the inf
aplplication;

b) th¢ comparative tracking index (CTI), the insulation resistance and the dielectric st
shpll be suitable for the intended application;

c) th

Confo
wire t6

B.3

The ¢
Table

Confo

flammability properties of the coating shall be in compliance with 5.3.14 b).

'mity is checked by inspection of thetmanufacturer’s data, in case of doubt by th
st.

Qualification of coatings

pating shall meet the conformity requirements of-Figure-B-4 Table B.2 after the té
B.1.

'mity is checked-as specified in Table B.1 and-Figure-B-4 Table B.2, on six specim

urpose
bs after

ation.

ended

rength

b glow

sts of

ens.
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Table B.1 — Test parameters, test conditions and test procedures

Test,
conditioning

Test parameter, conditions

Test procedure

Cold
conditioning

Conditioning temperature: T, .
Tin is the minimum rated ambient temperature
or the minimum rated storage temperature,
whichever is lower, of the specimen.

Any bhumidity is acceptable

The specimens are placed in a

temperature chamber and held at 7 ; for

the specified conditioning time.

Conditioning time: 24 h

Ory heat

Conditioning temperature: 7, . .

T ax 1S the maximum rated surface temperature,
maximum rated ambient temperature, or
maximum rated storage temperature, whichever

is higher, of the specimen.
Any humidity is acceptable.
Conditioning time: 48 h

The specimen is placed iha-~temy
chamber and held at 7 for the
specified conditioning time.

erature

apid change of
emperature

a1

Maximum temperature: T

T ax is the maximum rated surface temperature,
maximum rated ambient temperature, or
maximum rated storage temperature, whicheyer

is highest, of the specimen.
Minimum temperature: T, .

Tin is the minimum rated ambient temperature
or the minimum rated storage temperature,

whichever is lower, of the specimen.

Rateof changeof-temperatube Transfer time
betv_veen T hax e_nv_lronment and Tin
environment: within 30.$

Cycle time (duration‘of one cycle):

Toax @nd T, .arejeach held until steady state
conditions of the specimens are achieved and
then maintained for 10 min.

The cycle starts when the specimen has
reached the target within 2 °C.

Number of cycles: 5

The (conditioning procedure folloy
Nas6f IEC 60068-2-14.

s test

Imsulation
bsistance of
cpnductors

=

Temperature: (40 £ 2) °C
Relative humidity: 90 % to 95 %

Insulation resistance: = 100 MQ

Insulation resistance is measured
between the two outer conductor
the smallest creepage distance f
least 1 min. The test voltage sha
close to the working voltage as p

r at
| be as
bssible.

Diodes-have-to shall be removed

before

toatingof the-specimen
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Table B.2 — Test sequence and conformity check

(tests to be performed consecutively in this order)

Preparation

Preparation of the
test specimens

Each specimen-is-te shall be assembled in the normal manner, using the normal

applied. Diodes-have-te shall be removed before coating or potting of the
specimen, if applicable

soldering procedure, including any cleaning and protection steps that are normally

Conditioning of the test specimens

Table B.1, item 1

Cold conditioning

Table B.1, item 2

Dry heat

Conformity is checked by measurement of the insulation resistance of Table-H-4
b.1, item 84. All specimen shall meet the required¢value.

Taple B.1, item 3 Rapid change of temperature
el Damp heat test, without consideration of different backsheet nor the appligation [of
5 N force
5.4.10
Mechanical and electrical tests after conditioning
Taple-H-4 B.1, item 4 | Insulation resistance

|

Vidual inspection

Conformity is checked by inspection

All specimen shall show no

e Dblistering,

e swelling,

e separation from base material,
e cracks,

e voids.

Ei 84T | formity_checl
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Annex C
(normative)

Measurement of clearances and creepage distances

The methods of measuring clearances and creepage distances are indicated in the following
Examples 1 to 11 (see Figure C.1). These cases do not differentiate between gaps and
grooves or between types of insulation.

The following assumptions are made:

a) where the distance across a groove is equal to or larger than X (see Table .C\1
C}epage distance is measured along the contours of the groove (see example,2);

b) an
b

c) clgearances and creepage distances measured between parts which canassume di
pogitions in relation to each other are measured when these parts are in their

fa

In the
depen

If the
to one

recess is assumed to be bridged with an insulating link having a length equal to
ing placed in the least favourable position (see example 3);

ourable position.

following Examples 1 to 11 in Figure C.1 dimension X has the value given in Tab
ding on the pollution degree.

Table C.1 — Dimensions_of X

Pollution degree Dimension X

mm
1 0,25

2 1,0

3 1,5

associated clearance is-less than 3 mm, the dimension X in Table C.1 may be re
-third of this clearance.

), the
X and

ferent
least

le C.1

duced

EXAMP

LE 1 The path includes a parallel- or converging-sided groove of any depth with a width less than X.

The clearance and the creepage distance are measured directly across the groove as shown.

EXAMP

=X mm

LE 2 The path includes a parallel-sided groove of any depth and equal to or more than X.

The clearance is the "line-of-sight" distance. The creepage distance follows the contour of the groove.
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EXAMPLE 3 The path includes a V-shaped groove with a width greater than X.

The clearance is the "line-of-sight" distance. The creepage distance follows the contour of the groove but "short-

circuits" the bottom of the groove by X link.

EXAMP

The cle
the rib.

EXAMP

The cle

LE 4 The path includes a rib.

prance is the shortest direct air path over the top of the rib. The~ereepage distance follows the co

<X mm
—

LE 5 The path includesan uncemented joint with grooves less than X wide on each side.

<X mm
|———

IEC

IEC

brance and the creepage distance path is the "line-of-sight" distance shown.

=X mm

EXAMPLE 6 The path includes an uncemented joint with grooves equal to, or more than, X.

The clearance is the "line-of-sight" distance.

The creepage distance follows the contour of the grooves.

=X mm

htour of

IEC
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2 X mm <Xmm
——

IEC

EXAMPILE 7 The path includes an uncemented joint with a groove on one side less than X wide and the _grpove on
the oth¢r side equal to, or more than, X wide.

The cleprance and the creepage distance are as shown.

7/ N
7 N
7 N

IEC

EXAMPLE 8 The creepage distance through the uncemented joint/is less than the creepage distance dver the
barrier.

The cleprance is the shortest direct air path over the top of the barrier.

EXAMP en into

account.

EXAMPLE 10 The gap between the head of the screw and the wall of the recess wide enough to be taken into
account.

Measurement of the creepage distance is from screw to wall when the distance is equal to X.
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IEC
EXAMPLE 11 C = floating part

The clearance is the distance d + D. The creepage distance is also d + D.

— creepage distance
— | — - clearance
Fig

ire C.1 — Examples of methods of measuring clearances and creepagé distanjces
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

JUNCTION BOXES FOR PHOTOVOLTAIC MODULES -
SAFETY REQUIREMENTS AND TESTS

FOREWORD

hational electrotechnical committees (IEC National Committees). The object of IEC is to
national co-operation on all questions concerning standardization in the electrical and electronic, fi
end and in addition to other activities, IEC publishes International Standards, Technical<Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refefred to
ication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee in
he subject dealt with may participate in this preparatory work. International, geyvernmental ar
brnmental organizations liaising with the IEC also participate in this preparation |EC” collaborates
the International Organization for Standardization (ISO) in accordance with~caonhditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as n€atly’as possible, an inter
sensus of opinion on the relevant subjects since each technical committee has representation
ested IEC National Committees.

mittees in that sense. While all reasonable efforts are made, to_ ensure that the technical content
ications is accurate, IEC cannot be held responsible for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
Sparently to the maximum extent possible in their_national and regional publications. Any div
een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation of conformity. Independent certification bodies provide co
bssment services and, in some areas, access' to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification’/bodies.

sers should ensure that they have the-latest edition of this publication.

iability shall attach to IEC or itsdirectors, employees, servants or agents including individual exp4g
hbers of its technical committees_and IEC National Committees for any personal injury, property daf
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
ications.

Epensable for the €orrect application of this publication.

ntion is drawn.fo-the possibility that some of the elements of this IEC Publication may be the su
nt rights. IEC.shall not be held responsible for identifying any or all such patent rights.

btionat-Standard IEC 62790 has been prepared by IEC technical committee 82:
oltaic’energy systems.

prising
romote
Ids. To
ations,
s “IEC
rested
d non-
closely
ned by

hational
rom all

Publications have the form of recommendations for international. use and are accepted by IEC National

of IEC
for any

cations
brgence
ated in

formity
for any

rts and
hage or
ps) and
er IEC

ntion is drawn to thé Normative references cited in this publication. Use of the referenced publicdtions is

bject of

Solar

This second edition cancels and replaces the first edition published in 2014. This edition
constitutes a technical revision.

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

a)
b)
c)
d)
e)
f)

Modifications in normative references and terms and definitions;

Im

provement of declaration of categories for junction boxes in 4.1;

Clarification for ambient temperature in 4.1;

Addition of requirement to provide information concerning RTE/RTI or Tl in 4.2;
Reference to IEC 62930 instead of EN 50618 in 4.6;
Addition of "Functional insulation" in Table 1;
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Addition of "Distance through cemented joints" in Table 3;

Correction of procedure of process to categorize material groups (deletion of PTI) in
4.15.2.3;

Requirement for approval of RTE/RTI or Tl for insulation parts in 4.16.1 and 4.16.2;
Change of requirements concerning electrochemical potential in 4.17.2;
Clarification for IP-test in 5.3.4.2;

Addition of test voltage for cemented joints in 5.3.6 and 5.3.16;

Addition of detailed description on how to prepare the test sample for the thermal cycle
testin 5.3.9.1;

Ngw test procedure for bypass diode thermal test (5.3.18) in accordance with MQT, 18.1 of
IEC 61215-2:2016;

Ngw test procedure for reverse overload current test in 5.3.23;

Ngw Figure 1 for thermal cycle test.

FDIS Report on voting
82/1719/FDIS 82/1738/RVD

Full information on the voting for the approval of this Infernational Standard can be folund in

the report on voting indicated in the above table.

This document has been drafted in accordance withrthe ISO/IEC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stabilify date indicated on the IEC web site’ under "http://webstore.iec.ch" in the data related

to the|specific document. At this date, the"document will be

re¢onfirmed,
wilhdrawn,

re

laced by a revised edition, or

amended.

IMPORTANT ~.The 'colour inside' logo on the cover page of this publication indigates
that jt contains colours which are considered to be useful for the cqrrect

undeVFtanding of its contents. Users should therefore print this document using a
colou

printer.
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JUNCTION BOXES FOR PHOTOVOLTAIC MODULES -
SAFETY REQUIREMENTS AND TESTS

1 Scope

This document describes safety requirements, constructional requirements and tests for
junction boxes up to 1 500 V DC for use on photovoltaic modules in accordance with class Il

of IEC,

61140:2016

This (
circuit
conce
condit]
devicq

NOTE
documdg

2 N

The fq
conter
cited §
any af

IEC 6

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

IEC 6
tempe

ocument applies also to enclosures mounted on PV-modules containing ‘ele
5 for converting, controlling, monitoring or similar operations. Additional~requir
‘ning the relevant operations are applied under consideration of thé|environ
ons of the PV-modules. This document does not apply to the electronic-circuits of
s, for which other IEC standards apply.

For junction boxes in accordance with classes 0 and Ill of IEC 61140:2046,,in photovoltaic-syste
nt can be used as a guideline.

brmative references

llowing documents are referred to in the text in such a way that some or all

t constitutes requirements of this document’dor dated references, only the
pplies. For undated references, the latest edition of the referenced document (ing
nendments) applies.

060-1, High-voltage test techniques < Part 1: General definitions and test require

068-2-14:2009, Envirommental testing — Part 2-14: Tests — Test N: Chan
rature

IEC 6

and leftterings caused by rubbing of fingers and hands
IEC 60068-2-75;<Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests

IEC 6(0068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat,

state

068-2-70, Environmental testing — Part 2-70: Tests — Test Xb: Abrasion of ma

tronic
ments

ental
these

ns, this

their
dition
luding

ments

ge of

rkings

bteady

IEC 60216-1, Electrical insulating materials — Thermal endurance properties — Part 1: Ageing
procedures and evaluation of test results

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

IEC 60352-2, Solderless connections — Part 2: Crimped connections — General requirements,

testm

ethods and practical guidance

IEC 60352-3, Solderless connections — Part 3: Solderless accessible insulation displacement

conne

ctions — General requirements, test methods and practical guidance
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IEC 60352-4, Solderless connections — Part 4: Solderless non-accessible insulation
displacement connections — General requirements, test methods and practical guidance

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

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

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

IEC 6(I)529, Degrees of protection provided by enclosures (IP Code)

IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systdgms —
Part 1} Principles, requirements and tests

IEC 60695-2-11, Fire hazard testing — Part 2-11: Glowing/hot-wire”based test methjods —
Glow-Wire flammability test method for end-products (GWEPT)

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

IEC 60695-11-10, Fire hazard testing — Part 11-10: Test{lames — 50 W horizontal and viertical
flame fest methods

IEC 60695-11-20, Fire hazard testing — Part 11-20:)Test flames — 500 W flame test metHod

IEC 60947-7-1, Low-voltage switchgear and-controlgear — Part 7-1: Ancillary equipment —
Termipal blocks for copper conductors

IEC 60998-2-3, Connecting devices) for low-voltage circuits for household and $imilar
purposes — Part 2-3: Particular requirements for connecting devices as separate entitids with
insulation-piercing clamping units

IEC 60999-1:1999, Connecting devices — Electrical copper conductors — Safety requireiments
for sgrew-type and Screwless-type clamping units — Part 1: General requirements and
particylar requirements for clamping units for conductors from 0,2 mm? up to 3§ mm?
(included)

screwitypé and screwless-type clamping units — Part 2: Particular requirements for clamping

IEC 60999-2,"Connecting devices — Electrical copper conductors — Safety requirements for
units flof"éonductors above 35 mm?2 up to 300 mm?2 (included) a,’;n

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

IEC 61140:2016, Protection against electric shock — Common aspects for installation and
equipment

IEC 61191-1, Printed board assemblies — Part 1: Generic specification — Requirements for
soldered electrical and electronic assemblies using surface mount and related assembly
technologies

IEC 61210, Connecting-devices — Flat, quick-connect terminations for electrical copper
conductors — Safety requirements
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IEC 61215-1:2016, Terrestrial photovoltaic (PV) modules — Design qualification and type
approval — Part 1. Test requirements

IEC 61215-2:2016, Terrestrial photovoltaic (PV) modules — Design qualification and type
approval — Part 2: Test procedures

IEC 61730-1:2016, Photovoltaic (PV) module safety qualification — Part 1: Requirements for
construction

IEC 62852, Connectors for DC-application in photovoltaic systems — Safety requirements and

tests

IEC 62930, Electric cables for photovoltaic systems with a voltage rating of 1,5 kV .DC

ISO 868:2003, Plastics and ebonite — Determination of indentation hardness by mean|

durom

lamps

eter (Shore hardness)
ISO 4892-2, Plastics — Methods of exposure to laboratory light sour€es’— Part 2: Xen
ISO 4892-3, Plastics — Methods of exposure to laboratory light{sources — Part 3: Fluor:
nps

UV lai

3 Teérms and definitions

For th
the fol

ISO a
addre

e |E
e |S

3.1

modu
combi
etc., ¢

appro
with e

bSES.

C Electropedia: available athttp://www.electropedia.org/

D Online browsing platferm: available at http://www.iso.org/obp

e junction box
hation of parts,~such as boxes, covers, cover-plates, lids, box extensions, access
roviding after 'assembly and installation at the photovoltaic-module in normal u
priate protéction against external influences, and a defined protection against ¢
hclosed\live parts from any accessible direction

3.1.1

juncti

on box for re-opening

junction box that can be opened at any time

Note 1 to entry: It may contain rewirable and non-rewirable connections.

3.1.11

juncti

on box for factory wiring

s of a

pn-arc

pscent

e purposes of this document, the terms and“definitions given in IEC TS 61836 as well as
lowing apply.
nd IEC maintain terminological databases for use in standardization at the fol

owing

bories,
e, an
ontact

junction box which is attached and connected to the PV module under controlled conditions,
usually at the manufacturer’s location

3.1.1.2

juncti

on box for field wiring

junction box containing wiring connections that are intended to be made in the field
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3.1.2
junction box, not intended to be re-opened
junction box that cannot be opened after mounting in the end application

3.2

cable gland

device permitting the introduction of one or more electric cables into the junction box so as to
maintain the relevant type of protection

[SOURCE: IEC 60050-426:2008, 426-04-18, modified — "and/or fibre optics" has been deleted
and "an electrical apparatus" has been replaced by "the junction box".]

3.3
sealing
methold for providing the ability of a component to resist the ingress of contaminants

[SOURCE: IEC 60050-581:2008, 581-23-16]

3.4
cablejanchorage
ability| to limit the displacement of a fitted flexible cable against pull and push forcgs and
torquegs

3.5
conngctor for photovoltaic-systems
PV-caonnector

compg@nent suitable for use in PV systems that\terminates conductors for the purp¢se of
providing connection to and disconnection from(@ suitable mating component

3.6
intended use
use of{a junction box in accordance with the information for use provided by the manufagturer

[SOURCE: IEC 60050-903:2043,7903-01-13, modified — "product, process or servicg" has
been feplaced by "junction box" and "supplier" has been replaced by "manufacturer”.]

3.7
clamging unit
part(s) of the terminal necessary for the mechanical clamping and the electrical connection of
the conductor(s){including the parts that are necessary to ensure the correct contact prg¢ssure

3.8
cleargnce
shortestdistance I air between two conductive parts

[SOURCE: IEC 60050-426:2008, 426-04-12, modified — The note was deleted.]

3.9
creepage distance
shortest distance along the surface of the insulating material between two conductive parts

[SOURCE: IEC 60050-151:2001, 151-15-50, modified — "a solid insulating material" has been
replaced by "the insulating material".]
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3.10

overvoltage category
numeral defining a transient overvoltage condition

[SOURCE: IEC 60050-581:2008, 581-21-02]

3.11
pollut

ion

any addition of foreign matter, solid, liquid, or gaseous that can result in a reduction of electric

streng

th or surface resistivity of the insulation

[SOURCE: IEC 60050-442:1998, 442-01-28, modified — Definition revised and note dele

3.12

pollutjon degree

nume
[SOUH

3.13
rated
value
perfor

Note 1

[SOUH
replac

3.14
rated
RMS
the sp|

Note 1
related

[SOUH
replac]

3.15
rated
impulg

al characterising the expected pollution of the micro-environment

RCE: IEC 60050-581:2008, 581-21-07]

voltage
pf voltage assigned by the manufacturer to the junction box and to which operatig
mance characteristics are referred

o entry: Rated voltage is equivalent to the rated systemfvoltage according to IEC 61730-1.

RCE: IEC 60664-1:2007, 3.9, modified — "a<eomponent, device or equipment" hasg
ed by "the junction box" and the note hastbeen replaced by Note 1 to entry.]

insulation voltage

ecified (long term) withstand capability of its insulation

to entry: The rated insulation voltage is not necessarily equal to the rated voltage, which is p
to functional performance.

RCE: IEC 60664~172007, 3.9.1, modified — "equipment or to a part of it" has
ed by "junctign‘box".]

impulse voltage

ed.]

n and

been

vithstand voltage value assigned by the manufacturer to the junction box, charactgrising

rimarily

been

e swithstand voltage value assigned by the manufacturer to the junction

chara

overvoltages

box,

terising the specified withstand capability of its insulation against transient

[SOURCE: IEC 60664-1:2007, 3.9.2, modified — "equipment or to a part of it" has been

replac

3.16

ed by "junction box".]

impulse withstand voltage
highest peak value of impulse voltage of specified form and polarity that 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, 3.8.1, modified — "prescribed" replaced with "specifed" and
Note 1 to entry has been added.]
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RMS withstand voltage

power

-frequency withstand voltage

highest RMS value of a voltage that does not cause breakdown of insulation under specified

condit

ions

[SOURCE: IEC 60664-1:2007, 3.8.2]

3.18

current

3.18.1

rated [current

currerft value assigned by the manufacturer, which the junction box can carry contin
(without interruption) and simultaneously through all its contacts and bypass=diog
applicpble, wired with the largest specified conductor, at the maximum ambient_tempe
withoyt the upper limiting temperature being exceeded

3.18.
rever

Igrey

e current

current value assigned by the manufacturer, which the junction.box can carry at the ma

ambie

Note 1

ht temperature, without causing a hazardous situation

o entry: The reverse current is comparable with the reversésest current of the photovoltaic modd

IEC 61730-2).

3.19
functi
insula

lonal insulation
ion between conductive parts that is neéessary only for the proper functioning

equipment

[SOURCE: IEC 60664-1:2007, 3.17.1]

3.20
basic
insula

Note 1

insulation
ion applied to live partsto provide basic protection against electric shock

o entry: This coneept/does not apply to insulation used exclusively for functional purposes.

[SOURCE: IEC 64140:2016, 3.10.1, modified — "insulation of hazardous-live-parts

provid
electri

3.21
suppl

c shock.has been added.]

lously
es, if
ature,

imum

le (see

of the

which

les" has_been replaced by "insulation applied to live parts to provide" and "ggainst

ementary tnsutation

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

[SOURCE: IEC 60664-1:2007, 3.17.3, modified — "for fault protection" has been replaced by
"in order to provide protection against electric shock in the event of a failure of basic
insulation".]

3.22
doubl

e insulation

insulation comprising both basic insulation and supplementary insulation

[SOURCE: IEC 60664-1:2007, 3.17.4]
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3.23

reinforced insulation

single insulation system applied to 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 singly as basic
insulation or supplementary insulation.

[SOURCE: IEC 60664-1:2007, 3.17.5, modified — "insulation of hazardous-live-parts" has
been replaced by "single insulation system applied to live parts".]

3.24

workinhg voltage
highegt RMS value of the DC voltage across any particular insulation which can oecur |inside
the jumction box when it operates at rated voltage

[SOURCE: IEC 60664-1:2007, 3.5, modified — "a.c. or" has been removedyand “when the
equipment is supplied at rated voltage" has been replaced by "inside the-junction box when it
operafes at rated voltage".]

3.25
comparitive tracking index
CTI
numellical value of the maximum voltage in volts which @ material can withstand without
tracking and without a persistent flame occurring under. sgecified test conditions

[SOURCE: IEC 60050-212:2010, 212-11-59]

3.26
accesjsible part
part which can be touched by means of stahdard test finger

[SOURCE: IEC 60050-442:1998, 442-01-15]

3.27
photojvoltaic cable
electrical cable (cabling) _specifically designed for the purpose of carrying electric current from
photoyoltaic devices angd:enduring the environmental conditions commonly encountefed in
photoyoltaic arrays

[SOURCE: IECkS61836:2016, 3.2.21, modified — Deletion of the notes to entry.]

3.28

maximunmambient temperature
maximp_t—#t‘rb_tﬂ'b_rht_t—rﬁﬁum emperature of the ambient assigned Dy the manufacturer, in whic € junction box

is able to operate without the limiting temperatures of the materials (Tl, RTE/RTI) being
exceeded

4 Constructional requirements and performance

4.1 General
Junction boxes in accordance with this document can be categorized as

— junction boxes, for re-opening;
— junction boxes, not intended to be re-opened.

Junction boxes for re-opening can be distinguished as
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— junction boxes for factory wiring;
— junction boxes for field wiring.

For junction boxes in accordance with this document, no values have been specified for
electric rated voltage and current. These values shall be declared by the manufacturer.

Junction boxes shall be suitable for durable use outside in an ambient temperature area from
—40 °C to +85 °C or as declared by the manufacturer if lower than -40 °C or higher than
+85 °C.

Junction boxes shall be so designed and dimensioned that they can withstand the electrical,
mechanical, thermal and corrosive stresses occurring in their intended use and presgént no
danger to the user or the environment.

Compliance with these requirements is verified by specified tests of this documént.

4.2 |Marking and identification
4.2.1 Identification
Junctipn boxes shall be identified and characterized by the following:

a) mahufacturer’s name, trademark or mark of origin;
b) type identification;

c) rate¢d current;

d) rat¢d voltages or rated insulation voltages;

e) ratéd impulse voltage, if specified;

f) makimum working voltage;

g) polfution degree;

h) degree of protection by enclosuren accordance with IEC 60529;

i) ranjge of temperature; (lowestyand upper ambient temperature), if different from —-49°C to
+85%°C ;

j) typp of terminals;
k) cornectable conducters;
1) reference to this dogument, if applicable;

m) symbols "Donet disconnect under load", as given in Annex A, or an adequate wprning
notjce in therespective national language;

n) polgrity-oef.Connector, if applicable;

o) typp«afnd number of bypass-diodes, if applicable;

p) reverse current (Irgy);

gq) RTE/RTI or Tl (mechanical and electrical) of all insulating materials used in the junction
box.

4.2.2 Marking

The marking shall be indelible and easily legible.
The minimum marking on the junction boxes shall be that of items a), b) and n) in 4.2.1.

If connection of the junction box is made by connectors or by a fixed cable that has
implemented a connector on its end, the warning notice listed in m) of 4.2.1 shall be on a
label or similar on or close to the connector. An instruction where to place the warning notice
shall be included in the technical documentation.


https://iecnorm.com/api/?name=0a9b42ce7ea52acb90779b638d504b4a

IEC 62790:2020 © IEC 2020 - 15—

Markings a) and b) of 4.2.1 shall be found on the smallest unit of packaging.

4.2.3 Technical documentation

Identification items of 4.2.1 not marked on the junction box in accordance with 4.2.2 and the
following information shall be given in the technical documentation of the manufacturer:

a) information on termination regarding the cable and cell connection, if applicable;

b) information regarding the connector(-system), if applicable;

c) information regarding mounting (e.g. backsheet material of the module) and mounting
material (e.g. sealing material, adhesive), if applicable.

4.3 |Protection against electric shock

4.3.1 A junction box shall be so designed that, after mounting, the live cparts afe not
accessible. This requirement shall be fulfilled even if there is any deformation|of the hpusing
and/olf cover as a result of mechanical and thermal stress, which can occur during normal
use; flirthermore, the degree of protection of the housing may not be impaired by this pgssible
deformation.

4.3.2 Parts intended to be removed shall only be detachable with the aid of tools. Lids that
are aftached without screws shall have one or several detectable facilities, for exﬁmple
recesges, which enable tools to be deployed in order to rémove them. If the lid is removed
corredtly, the tool shall not come into contact with the active-parts.

4.3.3 Parts of junction boxes for field wiring in aceordance with 3.1.1.2 shall be preyented
to be lost or to become loose.

4.4 |Terminations, connecting devices and connection methods

4.4.1 Terminations shall be suitable _for the type and range of conductor cross-seg¢tional
areas |in accordance with the specification of the manufacturer.

Terminations shall be held in suegh*a position that a possible displacement does not resdlt in a
reduction of clearances and ¢feepage distances.

Measyres need to be taken to prevent contact stress resulting in contact degradatign and
possiljle movement of-contacts.

Terminations shall be so designed that the contact pressure is not transmitted through
insulating material other than ceramic, pure mica or other material with suitable
charagteristics, unless there is sufficient resiliency in the metallic parts to compensate fpr any
shrinkpge,'or yielding of the insulating material.

Measures shall be taken to prevent connections becoming loose, for example by using a
washer.

4.4.2 Connecting devices shall meet the following requirements under the conditions
specified in 5.1.3:

a) crimped connections in accordance with IEC 60352-2

b) insulation displacement connections in accordance with IEC 60352-3 (accessible
IDC) or IEC 60998-2-3

c) insulation displacement connections in accordance with IEC 60352-4  (non-

accessible IDC) or IEC 60998-2-3

d) press-in connections in accordance with IEC 60352-5
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e) insulation piercing connections in accordance with IEC 60352-6 or
IEC 60998-2-3

f) screwless-type clamping units in accordance with IEC 60999-1 or
IEC 60999-2 or IEC 60352-7

g) screw-type clamping units in accordance with IEC 60999-1 or
IEC 60999-2

h) flat, quick-connect terminations in accordance with IEC 61210

i) terminal blocks IEC 60947-7-1

j) soldered connections IEC 61191-1

Conngcting devices shall provide sufficient means to be held in position after connectior].

Differgnt terminals or connecting technologies may be used if they fulfil a comparable I¢vel of
safety|as the above-mentioned standards.

Terminations by connectors inside the junction box shall meet the ré€levant requirgments
specifled in IEC 62852.

Soldefed connections of cables and cell connectors shall have additional means for refaining
the conductor in position.

Weldégd connections are also permitted.
4.4.3 Compliance is checked by tests according.t0%.3.19.

4.5 Connectors

PV-cophnectors that are part of the junctiontbox and PV-connectors connected via a cable with
the jupction box shall comply with therequirements of IEC 62852. The values of the| rated
current and voltage shall be minimum-the rated values of the junction box.

4.6 Cables

Photoyoltaic cables connected to the junction box shall comply with the requirements of
IEC 62930. The rated values of the cables shall be the rated values of the junction pox or
greater.

4.7 |Resistance'to ageing

Parts,|whose-breakdown will impair safety, shall be resistant to ageing.

4.8 |General design

4.8.1 Junction boxes shall be so designed and dimensioned that they provide sufficient
protection for cables and terminations against electrical, mechanical and environmental
stresses occurring in normal use.

4.8.2 Junction boxes shall be so designed that connection of conductors of the type and
cross-sectional areas as specified by the manufacturer shall be possible. Besides the
termination of the conductor, precautions shall be taken that no damage of the conductor
insulation is possible, for example by avoiding sharp edges.

4.8.3 All openings shall be provided with appropriate coverings (lids, blank plugs, etc.),
which shall comply with the requirements of 5.3.15. They shall only be able to be removed by
the use of a tool.
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These requirements are also applicable for knock-outs.

4.8.4 Barriers of polymeric insulating material providing the sole insulation between a live
part and an accessible metal part or between non-insulated live parts not of the same
electrical potential shall be of adequate thickness and of a material appropriate for the
application. The barrier shall only be able to be removed by the use of a tool.

4.8.5 Junction boxes for re-opening in accordance with 3.1.1 with rewirable connections
shall be designed such that

a) precautions are taken that the conductor is protected against shear and tensile stress at

the—termination—ane ectredHromanrhersoastopreventtw ars

e junction box is able to accept suitable cables for use in photovoltaic systems as

specified by the manufacturer (see 4.2.3),

c) there is sufficient volume for connecting the conductor.
4.9 |Degree of protection (IP)

A jungtion box shall have at least a degree of protection of IP55, category 1 in accondance
with IEC 60529.

4.10 |Dielectric strength

A jungtion box shall withstand the impulse withstand valtage test and the voltage propf test
depending on its rated voltage in accordance with 5.3,6.

4.11 |Range of ambient temperature

Junctipn boxes shall withstand the upper and lower values of temperature range as giyven in
4.1 or|as specified by the manufacturer, if\lower than the minimum value or higher than the
maximum value as defined in 4.1.

4.12 |Cable anchorage

The cable anchorage shall be-suitable for the cable to be connected. The manufacturef shall
specify the range of acceptable cable diameters.

Loose| parts inserted to_obtain clamping of the cable are permissible if they are fixed|[in the
junctign box in the assembled state.

The chable 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 metzpl part
becoming live In case of a 1ault,

b) no contact shall be possible with the test finger in accordance with IEC 60529.

Compliance is checked by the test in 5.3.21.

413 Mechanical strength

4.13.1 A junction box shall show no damage likely to impair safety after exposure to
mechanical stress specified in the test programme.

4.13.2 In a junction box assembled for final use, the contacts shall be securely retained in
the contact insert.
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4.13.3 After exposure to the stresses specified in the test schedule, the internal insulation
shall show no damage that could impair normal use.

4.14 Insulation

4141

Type of insulation

Depending on the class specified in IEC 61140 and the intended use of the junction box the
type of insulation shall be chosen from Table 1.

Table 1 — Required type of insulation

Classg (IEC 61140) Protection Insulation between | Insulation between | Insulation.befween
required against live parts and connecting live parts [of
direct contact accessible devices for different polarity
surfaces junction boxes in of the same dircuit
accordance with
3.1.12
Class 0 Yes
Class Il Yes
Class Il No
Key
B Bgsic insulation
R Rdginforced insulation or double insulation
F Functional insulation
a8 Thjs column only describes protection against arc flash.
4.14.20 Basic insulation
Basic jinsulation shall be such that it withstands the voltage tests of 5.3.6 and that it megts the
requirements for creepage distances‘and clearances in accordance with 4.15.
4.14.3 Supplementary insulation
For sypplementary insulatien, the same requirements shall apply as for basic insulation.
4.14.4 Double insulation
Doublg insulatien shall be so designed that the breakdown of one part (basic or
supplementary.insulation) does not impair the protective function of the other part. It shill not
be pogsible to remove the supplementary insulation without using a tool.
For doubtemsutation, where basic andsupptementary msutationm cannmot be testedseparately,

the insulation system shall be considered as reinforced insulation.

4.14.5

Reinforced insulation

Reinforced insulation shall be such that it withstands the voltage tests of 5.3.6, clearances for
reinforced insulation shall be selected from Table 2.

The creepage distances shall be twice the value for basic insulation in accordance with

Table

3.
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4.15

4.15.1

Clearances and creepage distances

Clearances

Clearances between live parts and accessible surfaces shall be dimensioned in accordance
with Table 2 depending on the rated voltage.

All other clearances within the junction box shall meet the requirements of basic insulation in
accordance with Table 2 depending on the working voltage.

Table 2 — Rated impulse voltages and minimum clearances

Basic insulation Reinforced insulation
Rated or working Rated impulse Clearance Rated impulse Clearande
D@ voltage voltage voltage
\Y kV (1,2/50 ps) mm kV (1,2/50 us) 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
1000 8,0 8,0 12 14
1500 10 11 16 19
Minimyim values for pollution degree 2 is 0,2 mm and for pollutian’de€gree 3 is 0,8 mm.
NOtTE (X)a(l)lues are derived from IEC 60664-1 and IEC TR 60664-2-1 for overvoltage category I|ll and for alfitudes
up to 3 m.

4.15.2

4.15.2.

Creep
reinfo
consid

Rewirable junction bexes shall meet the requirements of reinforced or double insula

accorq

in relation to the<rated voltage of junction box.

Creepage distances
1 General

nge distances between-live parts and accessible surfaces shall be dimension
ced or double insulatioh in accordance with Table 3 related to the rated Vi
ering the pollution. degree as specified in 4.15.2.2.

ance with.Fable 3 between clamping units for the termination of the connecting

All other, eréepage distances within the junction box shall meet the requirements of
insulation/in accordance with Table 3 in relation to the maximum working voltage as sp

ed for
oltage

ion in
cables

basic

pcified

by the

manutacturer.
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Table 3 — Creepage distances for basic insulation

Voltage Pollution Pollution degree 2 Pollution degree 3 Distance
(v DC) degree 1 through
- N - - - - cemented
All Material Material Material Material | Material Material joint
material group | group Il group Il group | group Il group Il
groups
mm mm mm mm mm mm mm mm
<35 0,2 0,6 1,0 1,2 1,5 1,7 1,9 0,1
100 0,3 0,7 1,0 1,4 1,8 2,0 2,2 0,2
150 0.3 0.8 1.1 1.6 2.0 2.2 2.5 0,3
200 0,4 1,0 1,4 2,0 2,5 2,8 3,2 0,3
300 0,7 1,5 2,1 3,0 3,8 4,2 4,7 05
600 1,7 3,0 4,3 6,0 7,6 8,6 9,5 07
1.00p 3,2 5,0 7.1 10 13 14 16 1,0
150p 5,2 7,5 10 15 19 21 24 17
Linear interpolation is allowed.
Values for reinforced or double insulation are twice the values for basic insulation.

The sufficient insulation of the adhesive area between madule and junction box is checked by
tests of test groups E, F and G of 5.4 under consideration of increased test voltages (see
relevant test). In case that the tests have been passed, the distances through cemented joints
shall e dimensioned as listed in the last columnf‘ofTable 3.

NOTE |Details for cemented joints can be found in IEC\61730-1.
4.15.2.2 Pollution degree

Creeppge distances and clearances:-between hazardous live parts and accessible suffaces
outside the enclosure shall be dimensioned according to pollution degree 3. Distances |inside
the erlclosure shall be dimensiened according to pollution degree 2, pollution degree I may
be applied if relevant requirements of Annex B are fulfilled.

In casle potting materialis used, the test of Annex B shall be performed on the junctign box
together with the associated module.

4.15.2.3 Comparative tracking index (CTI)

Insulalion ‘materials are classified into four groups corresponding to their comparative tracking
index [ETH), when tested in accordance with IEC 60112:

Material Group | CTIl > 600

Material Group Il 400 < CTIl < 600
Material Group llla 175 < CTl < 400
Material Group Illb 100 < CTl < 175

The values specified for the groups are reference values and based on the test voltage of
IEC 60112.

NOTE The CTl-value is not in relation to a system or working voltage of a PV module or system.
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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.

4.16 Insulation parts
4.16.1 Outer accessible parts

Outer accessible parts consisting of insulating material, whose deterioration could impair the
safety of the junction box, shall meet following requirements:

a) Flammability class minimum V-1 in accordance with TEC 60695-11-10. This shjall be
proved by a data sheet of the material supplier or a test on the end-product or prgpared
test plates. See 5.3.12.1.

If the wall thickness is less than 3,0 mm then flammability class 5-V in_agecordance with
IEC 60695-11-20 shall be fulfilled on the end product. See 5.3.12.2.

b) Weather resistance, checked by the test specified in 5.3.11 followed. by 'the glow wife test
of[5.3.14 a).

c) Tegmperature resistance in accordance with 5.3.13 a) shall be fulfilled.

d) Agdproval of relative thermal endurance, relative thermal,'index or temperature |index
(R[TE/RTI or TI) in accordance with IEC 60216-5 or IEC 60216-1. Values shall be ligted in
the technical documentation.

Rglevant RTI values evaluated in accordance with UL*746B are accepted as an altefnative
to|RTE.
4.16.20 Inner parts keeping active parts in position

Inner parts consisting of insulating materiallkeeping active parts in position shall meet the
following requirements:

a) Flammability class minimum HB, in accordance with IEC 60695-11-10. This shpll be
proved by a data sheet of the material supplier or a test on the end-product or prgpared
test plates. See 5.3.12.1.

b) Test in accordance with 5.3114 b) shall be fulfilled.
c) Temperature resistance.in accordance with 5.3.13 b) shall be fulfilled.

d) Agproval of relative/ thermal endurance, relative thermal index or temperature |index
(RITE/RTI or Tl).in-accordance with IEC 60216-5 or IEC 60216-1. Values shall be ligted in
the technical-documentation.

Rglevant.RTl values evaluated in accordance with UL 746B are accepted as an altefnative
to [RTE-

The rgquirements of this subclause apply also for potting material which keeps active pprts in
position.

4.17 Current carrying parts and resistance against corrosion

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

All current carrying parts shall consist of metal, such that under normal operation, a sufficient
mechanical strength, electrical conductivity and corrosion resistance are given.

4.17.2 The requirements of 5.5.3.1 of IEC 61730-1:2016 apply.
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Sealing

Gaskets and seals shall not deteriorate after the accelerated ageing test of 5.3.15.

4.19

Bypass-diode

The bypass-diode and heat dissipation applied to limit the detrimental effects of module hot-

spot s

usceptibility shall be sufficient for the module.

Bypass diodes in parallel are permitted in case that one of both diodes is able to carry the

rated current of junction box without exceeding the maximum junction temperature. If bypass
diodes-are operated in paralle| fhny shall be fhnrm:\lly coupled

4.20

It shal
impac

Knock-out inlets (outlets) intended to be removed by mechanical impact

| be possible to remove knock-out inlets (outlets) intended to be removed|by mech
without damaging the box.

For knock-out inlets (outlets) for cables, chips or burrs are not accepted.

For knjock-out inlets (outlets) for conduits and/or for use with a gfommet or a membrane
and buirrs are disregarded.

Approyal is given by test according to 5.3.20.

5 Tests

5.1 |General

511 The test programme consists (both of safety tests and of qualification te

specif

5.1.2

ed by standards for componentsand for PV-modules and -systems.

The tests shall be carried out in the sequence specified for each test group usi

numbegr of specimens as given in Table 4. For each test group, a separate set O
specimens shall be used.

anical

chips

bts as

hg the
f new
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Table 4 — Number of specimens

Test Description of specimen Number
Group A | Separate specimen, provided with all markings and components. 1
Group B | Separate specimen, provided with all markings and components. 3

B3 Test plates of polymer materials serving as an enclosure and of polymers serving as 1
support for live metal parts, each.
B6 Additional test plate of potting material, if applicable. 1

B10 Specimen mounted on back-sheet material, potted (if applicable). 1
Group C | Separate specimen, provided with all markings and components. 1
Group D | Separate specimen, provided with all markings and components. 5
Group E | Specimen mounted on relevant back-sheet material with relevant adhesive, potted (if 12

applicable). Cell connections bent and connected as described in 5.2.5. Intended cable
shall be connected.

Group F | Specimen mounted on relevant back-sheet material with relevant adhesive, potted (if 12
applicable). Cell connections bent and connected as described in 5.2.5. Inténded cable
shall be connected.

Group G | Specimen mounted on relevant back-sheet material with relevant adhesive, potted (if 12
applicable). Cell connections bent and connected as described in 5.2.5. Intended cable
shall be connected.

H Specimen mounted on relevant back-sheet material with relevant adhesive, potted (if fpbc
applicable). Cell connections bent and connected as described in 5.2.5. Intended cable
shall be connected.

11 Specimens prepared in accordance with 5.2.6. 1Ppoe

Group J Specimen mounted on relevant back-sheet material with relevant adhesive, potted (if 12
applicable). Cell connections bent and connecéted as described in 5.2.5. Intended cable
shall be connected.

a8 If fhe junction box is intended to be mounted, on'several back-sheet materials and/or fixed with geveral
adhesives and/or potted with several potting~“materials, the tests shall be performed in all pgssible
combinations with the relevant number of specimens.

b If the junction box is intended to be used with several types and/or combinations of bypass-diodes |and/or
seVeral rated currents of junction box,\the tests shall be performed in all possible configurations wjth the
relgvant number of specimens.

¢ If the junction box is intended t6 be potted such that the bypass-diodes are not accessible, the thermodouples
shall be fixed before potting upon consultation with the testing body.

5.1.3 Tests shall(be made under the standard atmospheric conditions of IEC 60p68-1,
unlesq otherwise specified in the test schedule.

5.1.4 The'tests on the terminations shall be made on all terminations per specimen.

5.1.5 The specimen is deemed not to comply with this document if the specimen fails in
more than one of the tests of any test group. It the specimen fails in one of the tests, this test
and the preceding tests that may have affected the result shall be repeated on a new
specimen, which shall then pass all of the repeated tests.

5.1.6 All visual examination tests should be performed with the naked eye, unless
otherwise specified.

5.2 Preparation of specimens

5.21 Specimens shall be pre-conditioned under standard conditions in accordance with
IEC 60068-1 before testing for a period of 24 h at (25 £ 5) °C.

5.2.2 The tests shall be carried out with copper conductors unless otherwise specified by
the manufacturer and with the type of conductor specified for the junction box. If terminations
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are provided for all types of conductors (solid, stranded and flexible), the tests shall be carried
out with conductors representing the worst case.

5.2.3 For the cell-connections, conductors as specified from the manufacturer shall be
connected so as to represent the worst case. For some tests, it is necessary to have cell
connections short-circuited.

5.2.4 Screw-type clamping units shall be tightened with the value of the torque stipulated
in Table 5, in accordance with IEC 60999-1, unless otherwise specified by the manufacturer.

Table 5 — Values of torque for screw-type clamping units

Values of torque for metallic and non-metallic screws
Nominal diameter of thread
| 1 11 v
mm Nm Nm Nm Nm
<2,8 0,2 0,4 0,4 0,7
> 2,8 up to 3,0 0,25 0,5 0,5 0,9
>3,0upto 3,2 0,3 0,6 0,6 1,1
> 3,2 up to 3,6 0,4 0,8 0,8 1,4
> 3,6 up to 4,1 0,7 1,2 1,2 1,8
> 4,1 upto 4,7 0,8 1,8 1,8 2,3
> 4,7 up to 5,3 0,8 2,0 2,0 4,0
> 5,3 up to 6,0 1,2 2,8 3,0 4,4
> 6,0 up to 8,0 2,5 3,5 6,0 4,7
> 8,0 3,0° 4,0 10,0 5,0
a8  Or to be specified by the manufacturer.
Column | applies to screws without heads, if the screw, when tightened, does not protrude from thg 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.

Colum:[ 1l applies to nuts of mantle clamping units tightened by means of a screwdriver.

Column Il applies to screws and nuts, other than nuts of mantle clamping units, tightened by mears other
than a screwdriver.

Columnp IV applies to"screws tightened by means of a cross-slotted screwdriver.

5.2.5 Unless’ otherwise specified in the test schedule, all tests shall be made g¢n the
specimen €ompletely assembled in accordance with the instructions of the manufacturer,

A sufficient number ol specimens shall be glued on a mounting surface as in normal use.
The mounting surface shall consist of the same material as the back-sheet material of the
module on which the box is intended to be fixed. If the box is intended to be fixed with several
adhesives on several back-sheet materials, a sufficient number of specimens for each
material shall be tested. The tests shall be carried out with the maximum specified number of
bypass diodes in arrangement covering the worst-case condition.

The cell connections shall be bent down and fixed such that they have a conductive
connection to the mounting surface. For some tests, it is necessary to have cell connections
short-circuited.

5.2.6 For the reverse current test, the specimens shall be mounted on relevant back-sheet
material with relevant adhesive, potted (if applicable). The terminals of the cell connections
shall be short-circuited with conductors of the maximum cross-section as specified by the
manufacturer. The intended cable shall be connected; blocking diodes shall be short-circuited.
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5.3 Performance of tests
5.3.1 General

In accordance with the test schedule given in 5.4, the general test methods specified in
Table 8 to Table 17 shall be applied.

5.3.2 Durability of marking

The test of the durability of marking shall be done as a wet test in accordance with test Xb
(abrasion of marking) of IEC 60068-2-70. For the test piston, size 1 shall be used and the test
liquid shall be water. A force of 5 N shall be applied for a duration of 10 cycles.

After the test, the marking shall still be legible.

This test shall also be carried out at an additional sticker (if applicable) with”the wprning
notice|listed under m) of 4.2.1, if applicable.

The tgst shall not be carried out on imprinted markings.

5.3.3 Fixing of lid on rewirable junction box
5.3.3. General

Tests |[in accordance with 5.3.3.2 and 5.3.3.3 shall be ‘performed on a specimen that has
already passed test sequences of test groups E and F)

5.3.3.2 Screw-fixed lid
Screwp intended to fix the lid shall be tightened and loosened:

— 10jtimes for a metal-screw entering threaded insulating material;
— 5 tjmes for other screws.

Screwp and nuts entering threaded insulating material and screws made of insulating mpterial
are to|be removed and reinserfed completely each time. The test shall be performed uging a
suitable screwdriver or anvappropriate tool applying a torque as indicated in Table 5. Greater
valueq of torque may be-used if specified by the manufacturer.

During the test, there shall be no damage, such as breakage of screw, damage of the glot of
the hgad (which/makes further use of the appropriate screwdriver impossible) or damage of
the thfeads or.to the enclosure impairing the further use of the fixing means. The screw$ shall
be tightened\in a smooth manner.

5.3.3.3——Serewless-fixingof-tid

Enclosures shall be tested with the test probe 11 in accordance with IEC 61032 applied with a
force of 75 N for one minute to all areas where this could cause a loosening of the lid. During
the test, the lid shall not come off.

However, the lid shall detach without any damage when using a suitable tool as described in
the specification of the manufacturer.

5.3.4 Protection against electric shock

5.3.4.1 The junction box shall be tested by the test probe 11 in accordance with IEC 61032
using a test force of 20 N. For the test, all covers and housing parts that are detachable
without a tool shall be removed. It shall not be possible to access live parts.
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5.3.4.2 The relevant tests to verify the specified IP-Code in accordance with IEC 60529 shall
be performed on the specimen in accordance with 5.2.5 with attached cables and/or mated
plugs and attached cell-connections. Gaskets shall be aged in accordance with 5.3.15.

If the second numeral of the IP-Code for protection against ingress of water is IPx7 or higher,
a supplement test for IPx5 shall be performed since IPx7 or higher do not cover the lower IP-
Codes.

5.3.5 Measurement of clearances and creepage distances

Clearances and creepage distances shall be measured in accordance with IEC 60664-1 taking
O

Into CG noidaration tha raciramantc Lictad 1n A A
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5.3.6 Dielectric strength
For verification of the insulation, the following tests are applicable:

a) impulse withstand test:

the impulse withstand test shall be carried out with a voltage having a 1,2/50 us wayeform
in pccordance with [EC 60060-1 with three impulses of each pglarity and an intervdl of at
legst 1 s between pulses. The output impedance of the impulse generator shall pot be
higher than 500 Q. The test voltage shall comply with the rated impulse voltage taking into
acgount the requirements of IEC 60664-1.

b) RMS withstand voltage test:

thg voltage proof test shall be performed by applying’an RMS withstand voltage (50/60 Hz)
with an RMS value of 1 000 V plus 2 times the rated voltage for basic insulation, ang twice
this value for double or reinforced insulation. The test duration shall be 1 min.

The test voltage for both a) and b) shall<be applied between the short-circuited putput
terminfals and a metal foil which is wrappediaround the specimen after relevant conditioning.

The tgst voltage for b) shall be applied additionally via the path of a cemented joint. Thel value
of the [voltage shall be multiplied by _the factor 1,35.

5.3.7 Resistance to corrosion

Metal parts of boxes andienclosures shall be adequately protected against corrosion.

Compliance is checked by the following test.

All grgase shall’be removed from the parts to be tested, by immersion in a degreasing|agent
for (10 £ #)ymin. The parts are then immersed for (10+ 1) min in a 10 % solutjon of
ammohitny chloride in water at a temperature of (20 £ 5) °C.

Without drying, but after shaking off any drops, the parts are then placed for (10 £ 1) min in a
box containing air with a relative humidity of 91 % to 95 % at a temperature of (20 + 5) °C.

After the parts have been dried for (10 £ 1) min in a heating cabinet at a temperature of
(100 + 5) °C, their surface shall show no sign of corrosion.

NOTE Traces of corrosion on sharp edges and any yellowish film removable by rubbing are ignored.
5.3.8 Mechanical strength at lower temperatures

Before the tests, the specimens are stored for 5 h at a temperature of —40 °C on a 20 mm
thick steel plate. The tests are carried out immediately after the end of the storage duration in
the cold chamber.
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The test shall be carried out in accordance with the following procedure.

Four impacts on the specimen having an energy of 1 J per impact with an appropriate impact
test apparatus in accordance with IEC 60068-2-75 shall be carried out at four uniformly
distributed positions on the circumference.

The test is passed successfully if no damage that may impair the function of the junction box
is evident. Creepage distances and clearances as well as solid insulation shall not be
impaired.

5.3.9 Thermal cycle test (IEC 60068-2-14:2009, Test Nb)

5.3.9.1 The specimens shall be prepared in accordance with 5.2.5 with attached .and|short-
circuitpd cell-connections.

Beforg performance of the thermal cycle, the initial contact resistance shall be” measufed as
descriped in 5.3.19. After the environmental and subsequent dielectric strength tests pf test
sequehce E the measurement shall be repeated.

The tg¢st shall be carried out in a climatic chamber. A thermal‘cycle in accordancg with
Figurg 1 shall be applied. For the number of cycles refer to 5.3,9'2)and 5.3.9.3.

The tlansfer time between upper and lower temperatures)shall not exceed 100 °C/h. The
upper|and lower temperatures shall be held for a minimum of 10 min after thermal equilibrium
of the[specimen is reached.

During the thermal cycle test the rated current shall be applied such that it is conducted via
each termination as described in 5.3.19.

The tgst plate with the mounted junctioncbox shall be carried into the climatic chamber|and a
force ¢f 5 N shall be applied vertically during the test.

a) Ingtall the test plate at room temperature in the chamber. Attach a single 5 N weight|to the
junction box using one of twoe’options. The weight may be attached utilizing the eldctrical
tefmination leads of each_junction box so that it hangs down vertically from the junction
box, as shown in Figure 8 a). The weight may also be attached to the junction box using a
wife introduced by the“tester, as shown in Figure 8 b). In either case, the weight shJaII not

tart of
more
to the

temperatures of (- 40 +2)°C and (+85 * 2) C in accordance with the profile in Figure 1.
The rate of change of temperature between the low and high extremes shall not exceed
100 °C/h and the junction box temperature shall remain stable at each extreme for a
period of at least 10 min. The cycle time shall not exceed 6 h unless the junction box has
such a high heat capacity that a longer cycle is required. The number of cycles shall be as
listed in 5.3.9.2 and 5.3.9.3. Air circulation around the junction box shall ensure
compliance with each junction box under test meeting the temperature cycling profile.

d) Throughout the test, record the junction box temperature.

The temperature shall be measured with a suitable temperature sensor that is attached on the
outer surface of the enclosure and connected to the temperature-monitoring equipment.
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During the thermal cycling test set the continuous current flow as shown in Figure 1 during the
heat up cycle to the rated current at temperature from -40 °C to +80 °C. During cool down,
the -40 °C dwell phase and temperatures above +80 °C, the continuous current shall be
switched off.

5.3.9.2 The number of cycles for test sequence E is 200.

5.3.9.3 The number of cycles for test sequence G is 50.

5.3.10 Damp heat test

The specimens shall be prepared in accordance with 5.2.5 with attached and short-cifcuited
cell-cqnnections.

The tgst plate with the mounted junction box shall be carried out into the glimatic chamber
and a|weight of 5 N shall be applied vertically during the test.

The test shall be carried out in accordance with IEC 60068-2-78 with the followinjg test
conditjons:

— tegt temperature: maximum working temperature, minimumm (+85 + 2) °C;
— relptive humidity:  (+85 = 5) %;

— tegt duration: 1 000 h.

5.3.11 Weather resistance test

The weather resistance test shall be performed,on relevant specimens and on the stigker in

accordance with the requirements of 1S0.4892-2 or SO 4892-3 under the following
conditjons:

— spgqctral irradiance: minimum 60 W/m?Z;

— bandpass: 300 nm to 400 nm;

— Black Standard Temperature(BST): 65 °C;

— relgtive humidity: 65 %;

— cydles: 18 min spraying, 102 min drying with Xenon lamp
or equivalent lamp;

— duration: 500 h.

5.3.12 Flammability class

5.3.12.1/,The test shall be performed in accordance with flammability class \{-1 of
IEC 6(0695-11-10 for outer accessible parts and flammability class HB of IEC 60695-11410 for
inner parts on an adequate sample of material.

5.3.12.2 The test shall be performed in accordance with flammability class 5V of
IEC 60695-11-20 on the end-product.

The mounted and closed junction box shall be installed in a position as shown in Figure 5.
The flame shall be applied at all outer locations where, in some areas (e.g. where a terminal
is mounted inside the box) an arcing might cause an ignition.

The result is assessed in accordance with flammability class 5VB.
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5.3.13 Ball pressure test

The test shall be performed in a heating cabinet in accordance with IEC 60695-10-2 at one of
the following temperatures

a) (90 + 2) °C for outer materials providing protection against electric shock,

b) (125 + 2) °C for materials serving as a support for live metal parts.
5.3.14 Glow wire test

The glow wire test shall be performed in accordance with IEC 60695-2-11. The test
temperature is

a) 650 °C for outer materials providing protection against electric shock,
b) 750 °C for materials necessary to retain current carrying parts in position and. for gotting
material, if applicable.

5.3.1 Resistance against ageing

Gaskdts (e.g. separate polymer seals) shall be separated from the; junction box or I{d and
shall e stored in a heating cabinet for 240 h at (100 + 5) °C and subséquently cooled fqr 16 h
at ambient temperature.

Gaskgdts that are not intended to be separated from the junction box or the lid shall be tested
with the junction box or the lid.

For junction boxes designed to be re-opened the lidshall be closed and opened 10 times (e.g.
for rewirable junction boxes). For other junction boxes the lid shall be closed once.

Compliance shall be checked by verifying the\P-code in accordance with 5.3.4.2.

5.3.160 Wet leakage current test
5.3.16.1 General

The specimens shall be prepared in accordance with 5.2.5 with attached and short-cifcuited
cell-cgnnections.

5.3.16.2 Apparatus

a) A pasin or tankof sufficient size to accept the specimen, which shall be placed |in the
wdter/wetting . agent solution in a flat, horizontal position.

b) The basin* or tank shall contain a water/wetting agent solution meeting the following
requirements:

PET-X TIVIL IWE
FeStoHwy:
— temperature: (22 £ 2) °C.

The depth of the solution shall be sufficient to cover all surfaces between the mounting
surface and box.

c) Spray equipment containing the same solution.

d) DC voltage source, with current limitation, capable of applying 500 V or the maximum
rated voltage as specified by the manufacturer, whichever is greater. In case of cemented
joints the DC voltage source shall be capable of applying the test voltage multiplied by the
factor 1,35.

e) Measurement device to measure insulation resistance.
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5.3.16.3 Procedure

All connections shall be representative of the recommended wiring installation and
precautions shall be taken to ensure that leakage currents do not originate from wiring of the
measurement device.

a) Immerse the specimen in the tank of the required solution to a depth sufficient to cover all
surfaces between the mounting surface and box. The cable entries and connectors shall
be thoroughly sprayed with solution, if applicable.

b) Connect the short-circuited output terminals of the test specimen to the positive terminal
of the test equipment. Connect the liquid test solution to the negative terminal of the test
equipment using a suitable metallic conductor.

c) Ingrease the voltage applied by the test equipment at a rate not to exceed 500-\/[s~" to
500 V or to the maximum rated voltage as specified by the manufacturer, whiehgver is
greater. This value of the test voltage shall be multiplied by the factor 1,35 when checking
cemented joints. Then determine the insulation resistance.

d) Reduce the applied voltage to zero and short-circuit the terminals of thetest equipment to
digcharge the voltage build-up in the test setup.

5.3.171 Humidity freeze test

5.3.17.1 General

The specimens shall be prepared in accordance with 5.2.5 with attached and short-cifcuited
cell-cgnnections.

5.3.17.2 Apparatus

a) A glimatic chamber with automatic temperature and humidity control, capable of subjecting
OT or more specimens to the humidity-freéze cycle specified in Figure 2.
a

b) Mgans for mounting or supporting the* specimen in the chamber, so as to alloyv free
circulation of the surrounding air. The-thermal conduction of the mount or support shall be
loy, so that, for practical purposes, the specimen is thermally isolated.

5.3.17.3 Procedure

a) Atjach a suitable temperature sensor to the front or back surface of the specimen(s) near
the¢ middle.

b) Ingtall the specimen(s) in the climatic chamber at room temperature.

c) Afier closing the ‘ehamber, subject the specimen(s) to 10 complete cycles in accorfdance
with the profile®of Figure 2. The maximum and minimum temperatures shall be |within
12 °C of the\specified levels and the relative humidity shall be maintained within £5 %
when thetemperature is at the maximum value of +85 °C.

d) THhroughout the test, record the specimen temperature.

T ilo H L AY i pu | £ F - lo Fy nla pu | 4l 4
e e tne—specMmen(s)—are—storead—1or—a—recovery—tme—oetween—zh—ana—=n—at room

temperature.

5.3.17.4 Final measurements

A visual check and the RMS withstand voltage test in accordance with 5.3.6 b) shall be
performed. For performing the withstand voltage test, wrap a conductive foil around the edges
of specimen(s).

5.3.18 Bypass diode thermal test
5.3.18.1 General
This test is equivalent to MQT 18.1 of IEC 61215-2:2016 with the following differences:
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MQT 18.1 of IEC 61215-2:2016 applies with the exception that "module" shall be replaced by
"test specimen", and that the applied test current shall refer to the "rated current of the
junction box" instead of "short circuit current of the module".

5.3.18.2 Test sample

The specimens shall be prepared in accordance with 5.2.5 and Table 4, item H1.
Thermocouples shall be fixed at the relevant insulating materials to determine if the values of
Tl, RTE/RTI are not exceeded. Wires for the measurement of voltage drop and current at the
bypass diode shall be fixed as shown in Figure 7.

5.3.183—Preecedure

MQT 8.1 of IEC 61215-2:2016 applies with the exception that a) and b) within *Procedure”

(4.18.11.3 of IEC 61215-2:2016) shall be replaced by the following:

a) Operation of diodes in the direction of current flow.

b) Cqgnnect wires of the manufacturer’'s minimum recommended cross_Section to the putput
tepminals of the junction box.

Some|boxes have overlapping bypass diode circuits. In this case/ it may be necesslary to
install|a jumper cable to ensure that all of the current is flowing/through one bypass diode.

Additipnally the following modification shall be made:

5.3.18.4 Requirements

After the test of MQT 18.1 the diode shall be still'operational and there shall be no evidence
of major visual defects according to Clause~870of IEC 61215-1:2016 and additional defects
such gs:

e cufrent carrying parts not retained in‘the original position,

o deformation of insulation parts serving as protection against electric shock,
o other deformation of insulation® parts which could impair safety or function of the junction

bok.
5.3.19 Test of terminations and connection methods

All te:lminations and\.connection methods shall be tested in accordance with their relevant
IEC-standards asdlistéed in 4.4.

Contart resistance shall be measured for all terminations and connection methods for external
cableq and nibbons before and after environmental and subsequent dielectric strength tests of
test sgequence E.

The contact resistance shall be measured between external cable and connected ribbon as
shown in Figure 6 by application of a DC current of 1 A. The voltage drop shall be measured
and the contact resistance shall be calculated. These determined values shall be listed as
reference resistance and shall not exceed 5 mQ. After accomplishment of thermal cycles and
subsequent dielectric strength tests the measurement of contact resistance shall be repeated
as described above. The determined values shall not exceed 150 % of the reference
resistance.

Internal connectors shall meet the relevant tests of IEC 62852. The number of cycles in the
thermal cycle (shock) test of IEC 62852 shall be 800.
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5.3.20 Knock-out inlets (outlets) intended to be removed by mechanical impact
5.3.20.1 Knock-out retention
5.3.20.1.1 Procedure

For boxes and enclosures having knock-outs accessible after installation, a force of (45+ 1) N
shall be applied to a knock-out for (15 + 1) s by means of a 6 mm diameter mandrel with a flat
end. The force shall be applied without a blow in a direction perpendicular to the plane of the
knock-out and at a point most likely to cause movement.

5.3.20.1.2 Requirement

The khock-out shall remain in place and the degree of protection of the enclosureshall be
unchapged when measured 1 h after the force has been removed.

5.3.20.2 Knock-out removal
5.3.20.2.1 Procedure

The knock-outs shall be removed by means of a tool, as stated by the/manufacturer. Thie side
edge pf a screwdriver may be run along the edge of the knockfout opening once to rémove
any fragile tabs remaining along the edge.

The tgst is repeated with one box or enclosure that has(been conditioned for 5 h + 10 min in
air mgintained at the temperature (-20 £ 2) °C. Immeédjately following this conditioninlg, the
knocktiout shall be removed as above. For a box ahd an enclosure employing multitstage
knocktouts, there shall be no displacement of a larger stage when a smaller stage is removed.

5.3.20.2.2 Requirement

After fhe test, there shall be no sharp edges except for knock-out inlets (outlets) for conduits
and/of for use with a grommet or a membrane. The box and enclosure shall not be damgged.

5.3.21| Test of cord anchorage

5.3.21.1 Junction boxes-intended to be used with cables specified by the
manufacturet

For jupction boxes intended to be used with the manufacturer specified cables, the test$ shall
be pefformed with.Cables as stated by the manufacturer.

The uploaded.-cable shall be marked so that any displacement relative to the gland dan be
easily|detected.

The cable is pulled for a duration of 1 s, 50 times, without jerks in the direction of the axis with
the relevant force as specified in Table 6.

At the end of this period, the displacement shall not exceed 2 mm. This measurement shall be
carried out after unloading the force from the cable.

Afterwards, the specimen shall be mounted in the test apparatus for the torque test.

The unloaded cable shall be marked so that any torsion relative to the gland can be easily
detected, and then a torque as specified in Table 7 shall be applied for 1 min.

During the test, the torsion shall not exceed 45°.
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5.3.21.2 Junction boxes intended to be used with generic cables

A test mandrel equivalent to the minimum value of the anchorage range of the cable gland, as
specified by the manufacturer or supplier, with a sheath thickness as specified in Table 6 shall
be fixed to the sample.

The unloaded test mandrel shall be marked so that any displacement relative to the gland can
be easily detected.

The test mandrel shall be pulled for a duration of 1 s, 50 times, without jerks in the direction
of the axis with the relevant force as specified in Table 6.

At the|end of this period, the displacement shall not exceed 2 mm. This measurement leaII be
carrie@l out after unloading the force from the test mandrel.

Unles$ otherwise specified, test mandrels shall consist of a metallic rod with,an elastomeric
sheath having a hardness of 70 Shore D + 10 points in accordance with” ISO 868 fand a
sheath thickness as specified in Table 6 or Table 7. The complete testhmandrel shall have a
tolerapce of £0,2 mm for mandrels up to and including 16 mm diameter and £0,3 mm for
mandrels larger than 16 mm diameter. The shape shall be circulafor’ a profile simulatiphg the
outer gimension of the cable as specified by the manufacturer or(supplier.

Table 6 — Pull forces for cord anchorage

Cable diameter Pull force Minimum sheath thickness of test njandrel

mm N mm
Up to 4 - 1a
>41to08 30 1
> 8 to 11 42 2
>11to 16 55 2
> 16 to 23 70 2
> 23 to 31 80 2
> 31to 43 90 2
> 43 to 55 100 2
> 55 115 2

@  Forlcable diameters up to 4 mm, a suitable non-metallic mandrel may be used.

NOTE 1 A typical arrangement for the pull test is shown in Figure 3.

Afterwards the specimen shall be mounted in the test apparatus for the torque test.

The unloaded cable shall be marked so that any torsion relative to the gland can be easily
detected, and then a torque specified in Table 7 is applied for 1 min.

During the test, the torsion shall not exceed 45°.

The torsion test shall be performed by using a test mandrel equivalent to the maximum value
of the anchorage range of the cable gland, as specified by the manufacturer or supplier, with
a torque for the appropriate maximum cable diameter as specified in Table 7.

NOTE 2 A typical arrangement for the torsion test is shown in Figure 4.
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Table 7 — Values for torsion test

Cable diameter Torque Minimum sheath thickness of test
mandrel
mm Nm mm
>4t08 0,10 1
> 8to 11 0,15 2
>11to 16 0,35 2
> 16 to 23 0,60 2
23 to 31 0.80 2
> 31 to 43 0,90 2
> 43 to 55 1,00 2
> 55 1,20 2
5.3.22 Retention on the mounting surface
5.3.22.1 Tests specified in 5.3.22.2 and 5.3.22.3 shall be performéd on a specimen that has
passefl the test sequences of test groups F and G. During\the test, there shall Ee no

displa
chara

The t¢g

5.3.22
directi

5.3.22
a dire

The p

5.3.23

cement of the junction box at the mounting surface ‘that would impair the is
teristics.

st shall be performed under consideration of theyrequirements of 5.2.5.

.2 A force of 40 N shall be gradually “increased and applied for 30 min in
on in steps of 90° parallel to the mounting_surface.

.3 A force of 40 N shall be gradually increased and applied for 30 min without je
ttion perpendicular to the mounting* surface.

i1l force should be applied atithe centre point of the box.

Reverse current test at junction box

.1 Apparatus

5.3.23
a) All

¢ans for heatingthe specimen to the upper rated ambient temperature.

.2 Procedure

blocking diodes shall be short-circuited.

lating

each

rks, in

rature

b) Connect cables of the manufacturer’s minimum recommended cross section to the output
terminals of the junction box.

c) Th

e specimen shall be placed with its back on a pineboard in a horizontal position.

d) Heat the specimen to the maximum ambient temperature. Apply a current to the specimen
equal to the reverse current 2 % of the junction box. After 1 h determine the hottest
point, for example by using an infrared camera, switch off current, cool down to room
temperature and attach a thermocouple to this point. Reheat the specimen to the upper
rated ambient temperature and reapply a current equal to the reverse current +2 % of the
junction box for 1 h.

e) At

the end of the test, record the temperature measured by the thermocouple.
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5.4 Test schedule
Table 8 — Marking, information, documentation, test group A
1 2 3 4 5 6
Test Designation Test according to Specimen Measurements, Requirements
phase designation
A1 Marking 4.2.2 Label, sticker (or | Visual examination | Marking in accordance
similar) with with 4.2.2
warning notice
A2 Technical 4.2.3 Mounting Document Information in
documentation instruction inspection accordance with 4.2.3
warning notice, and additiorjal
manual or similar informatio
A3 Approval of Approval by data Document 4.4, 4.5)476, 4]16.1,
attached sheets or inspection 4.16.2
components certificates for
cable, Components ghall
connectors. cable comply with the relevant
glands otc. standards
Upper limit tempgrature
shall not excedd the
RTE/RTI/TI vglues
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1 2 3 4 5 6
Test Designation Test according Specimen Measurements, Requirements
phase to designation
B1 Durability of 5.3.2 Label, sticker (or Wet test Marking easily legible
marking similar) with
warning notice
B2 Resistance to 5.3.7 Metal parts Chemical test No sign of corrosion on
corrosion surface
B3 Flammability class 5.3.12.1 Sample of Flammability test Requirements
petyrmers—Servng of-approvat-of H-eecorgaree—mith V-1
as an enclosure manufacturer of of.
and for polymers material IEC 60695-1,1-10 for
serving as a outer parts arjd in
support for live accordance witH HB of
metal parts IEC 60695-11-0 for
inner partq.
B4 Weather resistance 5.3.11 Polymers serving | Weather resistance | No cracks, proceed with
test as an enclosure test in accordanece test of B5
with
1SO 4892-2/and Marklng still Ieglble
ISO 4892-3
B5 Glow wire test 5.3.14 a) Specimen Glow wite’test with | No ignition of mfaterial
from B4 650 °C or support, or|self
extinguishing within
30s
B6 Glow wire test 5.3.14 b) Polymers serving | Glow wire test with | No ignition of mjaterial
as a support for 750 °C or support, or|self
live metal.parts extinguishing within
and potting 30s
material (test
sample)
B7 Ball pressure test 5.3.13 a) Polymers serving | Ball pressure test | Diameter of impgession
as an enclosure at 90 °C
< 2,0 mm
B8 Ball pressure test 5.3.13.b) Polymers serving | Ball pressure test | Diameter of impfession
as a support for at 125 °C
live metal parts <2,0 mm
B9 Resistance against 5.3.15 Gaskets Accelerated ageing No change of spaling
ageing in oven, 10 times characteris{ic
opening and .
closing of lid with req 'rZ?nS:rll?s? ct)? TP test
integrated gasket. ut A
9 g in accordance With J1
Continue with J1 of and J2 of Table 17
Table 17
B10 Flammability class 5.3.12.2 Specimen in Flammability test Requiremerts
accordance with in accordance with 5-VB
Table 4 of IEC 60695-11-20
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Table 10 — Constructional requirements, test group C (single tests)

1 2 3 4 5 6
Test Designation Test according to Specimen Measurements, Requirements
phase designation
C1 Protection against 4.3.3 Complete Visual examination No loosening or
electric shock specimen as displacement
described in - - -
C2 5.3.4.1 525 Test with test finger No live parts are
20N accessible
C3 General 4.8.4 Complete Visual examination Sufficient wall
construction specimen and measurement thickness in
aeeerdaneewith
IEC 61140 and fixing
C4 4.8.2 Complete Visual examination No sharpveddes
specimen
C5 Terminations and 4.4.2 Complete Visual examination Fix position jpf
connection methods specimen terminals
Additional means for
soldered connegtions
C6 Clearances and 5.3.5,4.14 and Complete Measurement Requirements of 4.14
creepage distances 4.15 specimen, shall be fulfilled
terminated
Cc7 Wall thickness 4.16.1 a) Complete Meéasurement Wall thickness|min.
specimen 3,0 mm, otherwige test
in accordance with B10
of Table 9
Cc8 Lids 4.3.2 Complete Visual examination | Requirements o{ 4.3.2
specimen shall be fulfilled
Table 11 — Mechanical tests, test group D (single tests)
1 2 3 4 5 6
Test Designation Test according to Specimen Measurements, Requirements
phase designation
D1 Terminations and 5/3.19 Complete Mechanical test of Requiremen{s of
connection methods specimen suitability of relevant items listed in
terminals and 4.4.2 shall be fylfilled.
connections
D2 Knock-out inlets 5.3.20 4 complete Mechanical test Requirements of 5.3.20
(outlets) specimen shall be fulfilled.
D3 Cord anchorage 5.3.21 Cord anchorage Pull- and torsion Requirements of 5.3.21
test shall be fulfilled.
D4 Meehanical strength 5.3.8 Complete Impact test No damage, which may
at lower specimen impair functjon
eriperatures
D5 Fixing of lid 5.3.3 2 pre-aged Mechanical test No damage in

specimen from
Groups E and F

accordance with the
relevant subclause of
5.3.3
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Table 12 — Test sequence |, test group E
(tests to be performed consecutively in this order)

1 2 3 4 5 6
Test Designation Test Specimen Measurements, Requirements
phase according to designation
E1 Initial measurement 5.3.19 Complete Contact resistance Contact resistance
specimen in measurement <5 mQ
accordance with
525 and Test current: 1 A
Table 4 item Measuring points:
Group E. see Figure 6
E2 Wet leakage current 5.3.16 Insulation resistance | Insulation resjsjance
test not less than-4qo MQ
E3 Thermal cycle test 5.3.9 Thermal cycle test No visible'damlage,
which'could injpair
Test cycles: 200 function or safety
Attachment of rated
current, application
of a force of 5 N
E4 Dielectric strength 5.3.6 b) RMS withstand No flashover|or
voltage tést breakdown of v¢ltage
2 000V +
(4 x rated/voltage)
E5 Dielectric strength 5.3.6 a) Impulse withstand No flashover|or
test breakdown of v¢ltage
E6 Final measurement 5.3.19 Contact resistance Contact resistance
measurement < 150 % of initia| value
Test current: 1 A
Measuring points:
see Figure 6
E7 Wet leakage current 5.3.16 Insulation resistance | Insulation resisfance
test not less than 440 MQ

Table. 13— Test sequence I, test group F
(tests to(be performed consecutively in this order)

1 2 3 4 5 6
Test Designation Test Specimen Measurements, Requiremernts
phase according to designation
F1 Wet leakage_current 5.3.16 Specimen in Insulation resistance | Insulation resisfance
test accordance with not less than 440 MQ
5.2.5 with

attached and
short-circuited
cell-connections

F2 Damp heat 5.3.10 Ageing test No visible damage,
which could impair
function or safety

F3 Resistance against 5.3.10 Visual test No creeping occurred
creeping
F4 Retention on the 5.3.22 Mechanical test No loosening or
mounting surface displacement of
specimen
F5 Dielectric strength 5.3.6 b) RMS withstand No flashover or
voltage test breakdown of voltage
2000V +

(4 x rated voltage)

F6 Wet leakage current 5.3.16 Insulation resistance | Insulation resistance
test not less than 400 MQ
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Table 14 — Test sequence lll, test group G
(tests to be performed consecutively in this order)

1 2 3 4 5 6
Test Designation Test Specimen Measurements, Requirements
phase according to designation
G1 Thermal cycle test 5.3.9.3 Specimen in Test cycles: 50 No visible damage,
accordance with o which could impair
5.2.5 and Application of rated function or safety
. current
Table 4, item
Group G Attachment of a
force of 5 N
G2 Humidity-freeze test 5317 No visible damage,
which could\injpair
function orsafety
G3 Dielectric strength 5.3.6 b) RMS withstand No flaghover|or
voltage test breakdown of v¢ltage
2000V +
(4 x rated voltage)
G4 Retention on 5.3.22 Mechanical test No loosening or
mounting surface displacemen{ of
specimen
G5 Wet leakage current 5.3.16 Insulation pesistance | Insulation resisfance
test not less than 40 MQ
Table 15 — Test sequence IV, test group H
(tests to be performed consecutively in this order)
1 2 3 4 5 6
Test Designation Test Specimen Measurements, Requiremerts
phase according to designation
H1 Bypass diode 5.3.18 Specimen in Specified digde
thermal test accordance with maximum jundtion
5.2.5 and temperature iq not
Table 4, item exceeded after {est of
Group H1 5.3.18.3
No evidence of yisible
damages as desjcribed
in 5.3.18.4
H2 Wet leakage current 5.3.16 Insulation resistance | Insulation resisfance
test not less than 440 MQ
Table 16 — Reverse current test, test group |
1 2 3 4 5 6
Test Desigmatiom————Test Spectimen Measurements,— T RequirenTerts
phase according to designation

Reverse current
test at junction box

5.3.23

Specimen in
accordance with
5.2.6 and
Table 4, item
Group 1

No flaming nor
charring of the junction
box. The maximum
measured surface
temperature during the
test shall not exceed
150 °C
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Table 17 — Test sequence V, test group J

1 2 3 4 5 6
Test Designation Test according Specimen Measurements, Requirements
phase to designation
J1 Degree of protection 5.3.4.2 Specimen in IP-code Specified IP-degree,
accordance with minimum IP55 in
5.2.5 with accordance with
attached and IEC 60529.
short-circuited
cell-connections If IP-degree for
protection against
ingress of water]is IPx7
or higher, IPx& $hall be
tested additiopally.
J2 Dielectric strength 5.3.6 b) RMS withstand No flashovef or
voltage test breakdown of oltage
2000V +
(4 x rated voltage)
o | A | R
— I
o g
= s
E (]
8 +8 100 B
§ +80 g
c o <
q) Bt —_—
E \
®
o Minimum
» dwell tifne Continue for specific
10'Min number of cycles ,
+2
Minimum N i
dwell time Maximum 100 °C/h ’
10 min
—4 0
B Maximum cycle time )
| 1 1 | 1 L 1
T 1 T T T T T o
1 2 3 4 5 6 7 8 Time| (h)
v IEC
Eigure 1 — Thermal cycling test — Temperature and applied current profile
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+85

Specimen temperature (°C)

41 -

Continue for total of 10 cycles

' 85 % £ 5 % RH No RH control

100 °C/h max.

n & &
noomtemperature

Start of cycle

200 °C/h max

-

0,5 h min.

| 20 h min. \ 4 h max.

End of cycle

Figure 2 — Humidity=freeze cycle

Off centre

pulley
Pivot point

Locknut

d device

Load retaining

Time (h)
IEC

Fulcrum
point

Crank arm

IEC

Figure 3 — Typical arrangement for the cable anchorage pull test
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Device for securing
test mandrel Sample securing plate Fixed rotational
(interchangeable) indicator

Bearings enabling

€ Sample
easy rotation

Test mandrel

Rotating RN Dire(_:tion of
i ! indicator % rotation
sl I = {f

BZ Eﬁ. \ .\Q::-y
I N\
i A
L
Ch B Ny o
N Load Radjus
) Y
{ Load v

IEC

Figure 4 — Typical arrangement for torsion test

Specimen

Connecting/device

Cable

Module or
mounting plate

A
P

——

IEC

Fjgure 5 —~Typical arrangement for flammability test in accordance with 5.3.12]2
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Cell

Bypass diode

Cell

IEC

Figure 6 — Measurement of yvoltage drop

Figure 7 — Bypass diode thermal test

IEC
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J-Box

J-Box

\ -
J-Box

5 N weight 5 N weight
IEC
a) Utilizing the leads
(N 4
x
o]
@
‘ + = -
A
1 ’»
/ ‘
5 N weight IEC
b) Using a'wire around the perimeter of the junction box
Figure 8. = Proper attachment of 5 N weight to junction box
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Annex A
(informative)

Symbol "Do not disconnect under load"

The following symbols in Figure A.1 and Figure A.2 may be used to show that a PV-connector
shall not be disconnected under load.

+«—STOP I —

e

IEC

Figure A.1 — Symbol "DO NOT DISCONNECT UNDER LOAD"

| J

N ]

IEC

Figure A.2 — Symbol "DO NOT DISCONNECT UNDER LOAD" (IEC 60417-6070:2011-06)
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Annex B
(normative)

Qualification of conformal coatings for protection against pollution

B.1

General

This annex covers requirements for conformal coatings used to reduce the pollution degree.

Confopmal coatings shall meet the requirements of Clauses B2 and B.3

NOTE |The requirements of Clause B.2 ensure that the conformal coating has been suitably rated for'the purpose

of coating. The requirements of Clause B.3 ensure that the coating will continue to adhere to the'surfacgs after

environmental and physical stresses.

Confofmity is checked as specified in Clauses B.2 and B.3.

B.2 |Technical properties

The technical properties of conformal coatings shall be suitable for the intended appli¢ation.

In particular:

a) the rated operating temperature range shall include the temperature range of the intended
aplplication;

b) th¢ comparative tracking index (CTI), the insulation resistance and the dielectric st
shpll be suitable for the intended application;

c) th

Confo
wire t6

B.3

flammability properties of the coating shall be in compliance with 5.3.14 b).

'mity is checked by inspection of thetmanufacturer’s data, in case of doubt by th
st.

Qualification of coatings

The copating shall meet the conformity requirements of Table B.2 after the tests of Table

Confo

mity is checked ‘as specified in Table B.1 and Table B.2, on six specimens.

rength

b glow

B.1.
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Table B.1 — Test parameters, test conditions and test procedures

Test,
conditioning

Test parameter, conditions

Test procedure

Cold
conditioning

Conditioning temperature: 7, .
T.in i the minimum rated ambient temperature
or the minimum rated storage temperature,
whichever is lower, of the specimen.

Any humidity is acceptable.
Conditioning time: 24 h

The specimens are placed in a

temperature chamber and held at 7,

the specified conditioning time.

, for

Ty treat

Comditionmgtemperature—
Trax is the maximum rated surface temperature,
maximum rated ambient temperature, or

maximum rated storage temperature, whichever

is higher, of the specimen.
Any humidity is acceptable.
Conditioning time: 48 h

THespecimenisptacedmatermy

chamber and held at T’ for-the

s oo P Tmax
specified conditioning time.

erature

apid change of
bmperature

a1

Maximum temperature: 7,

T ax IS the maximum rated surface temperature,
maximum rated ambient temperature, or
maximum rated storage temperature, whichever

is highest, of the specimen.
Minimum temperature: T, ;.

Tin is the minimum rated ambient temperature
or the minimum rated storage temperatute,
whichever is lower, of the specimen.

Transfer time between 7, . environmeént and

Tin €nvironment: within 30 s
Cycle time (duration of one gycle):

Tax @nd T, are each held until steady state

conditions of the specimens are achieved and
then maintained for, 40 min.

The cycle starts-when the specimen has
reached the.target within 2 °C.

Number of cycles: 5

The conditioning procedure folloy
Na of IEC 60068-2-14.

s test

Ipsulation
bsistance of
cpnductors

=

Temperature: (40 £ 2) °C
Relative humidity: 90 % to 95 %

nsulation resistance: 2 100 MQ

Insulation resistance is measureq
between the two outer conductor
the smallest creepage distance f
least 1 min. The test voltage sha
close to the working voltage as p
Diodes shall be removed before
of the specimen

r at

| be as
bssible.
oating
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Table B.2 — Test sequence and conformity check
(tests to be performed consecutively in this order)

Preparation

Preparation of the
test specimens

Each specimen shall be assembled in the normal manner, using the normal
soldering procedure, including any cleaning and protection steps that are normally
applied. Diodes shall be removed before coating or potting of the specimen, if
applicable

Conditioning of the test specimens

Table B.1, item 1

Cold conditioning

Table B.1, item 2

Dry heat

Taple B.1, item 3

Rapid change of temperature

5.3.10

Damp heat test, without consideration of different backsheet nor the applicatioh of

5 N force

Mechanical and electrical tests after conditioning

Taple B.1, item 4

Insulation resistance
Conformity is checked by measurement of the insulation resistance of Table B.1,
item 4. All specimen shall meet the required value,

l

\

qual inspection

Conformity is checked by inspection

All specimen shall show no

e Dblistering,

e swelling,

e separation from bas¢ material,
e cracks,

e voids.
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Annex C
(normative)

Measurement of clearances and creepage distances

The methods of measuring clearances and creepage distances are indicated in the following
Examples 1 to 11 (see Figure C.1). These cases do not differentiate between gaps and
grooves or between types of insulation.

The following assumptions are made:

a) where the distance across a groove is equal to or larger than X (see Table .C.1), the
crgepage distance is measured along the contours of the groove (see example,2);

b) aj; recess is assumed to be bridged with an insulating link having a length equal to|X and
bejing placed in the least favourable position (see example 3);

c) clearances and creepage distances measured between parts which canassume different
pogitions in relation to each other are measured when these parts are in theif least
fayourable position.

In the|following Examples 1 to 11 in Figure C.1 dimension X has the value given in Table C.1

depending on the pollution degree.

Table C.1 — Dimensions_of X
Pollution degree Dimension X
mm
1 0,25
2 1,0
3 1,5
If the pssociated clearance is-less than 3 mm, the dimension X in Table C.1 may be regduced
to one-third of this clearance.
<Xmm7 -
.............. -
EXAMPLE 1 The path includes a parallel- or converging-sided groove of any depth with a width less than X.

The clearance and the creepage distance are measured directly across the groove as shown.

=X mm

EXAMPLE 2 The path includes a parallel-sided groove of any depth and equal to or more than X.

The clearance is the "line-of-sight" distance. The creepage distance follows the contour of the groove.
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EXAMPLE 3 The path includes a V-shaped groove with a width greater than X.

The clearance is the "line-of-sight" distance. The creepage distance follows the contour of the groove but "short-

circuits" the bottom of the groove by X link.

EXAMP

The cle
the rib.

EXAMP

The cle

LE 4 The path includes a rib.

prance is the shortest direct air path over the top of the rib. The~ereepage distance follows the co

<X mm
—

LE 5 The path includes an uncemented joint with grooves less than X wide on each side.

<X mm
|———

IEC

IEC

brance and the creepage distance path is the "line-of-sight" distance shown.

=X mm

EXAMPLE 6 The path includes an uncemented joint with grooves equal to, or more than, X.

The clearance is the "line-of-sight" distance.

=X mm

htour of

The creepage distance follows the contour of the grooves.

IEC
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2 X mm <Xmm
——

IEC

EXAMPILE 7 The path includes an uncemented joint with a groove on one side less than X wide and the_grpove on
the oth¢r side equal to, or more than, X wide.

The cleprance and the creepage distance are as shown.

7/ N
e N
7 N

IEC

EXAMPLE 8 The creepage distance through the uncemented joint/is less than the creepage distance dver the
barrier.

The cleprance is the shortest direct air path over the top of the“barrier.

EXAMP en into

account.

EXAMPLE 10 The gap between the head of the screw and the wall of the recess wide enough to be taken into
account.

Measurement of the creepage distance is from screw to wall when the distance is equal to X.
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IEC
EXAMPLE 11 C = floating part

The clearance is the distance d + D. The creepage distance is also d + D.

— creepage distance
— | — - clearance
Fig

ire C.1 — Examples of methods of measuring clearances and creepagé distanjces
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

BOITES DE JONCTION POUR MODULES PHOTOVOLTAIQUES -
EXIGENCES DE SECURITE ET ESSAIS

AVANT-PROPOS

La CUIIIIII;OO;UII E:cutlutcu:lll;quc :IItUIIIat;UIIG:U \:EC) cot uiric Ulsall;oat;ull IIIUIId;G:U dU LA ARAN
conposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). LIEG
objgt de favoriser la coopération internationale pour toutes les questions de normalisation dans_les, dd
de |'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publié/dés
intefnationales, des Spécifications techniques, des Rapports techniques, des Spécifications\accessi
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration/est confié
conlités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité.peut particig
orggnisations internationales, gouvernementales et non gouvernementales, en liaisonr avec I'lEC, pa
également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale.de Normalisatio
seldn des conditions fixées par accord entre les deux organisations.

Les|décisions ou accords officiels de I'lEC concernant les questions techniqués, représentent, dans la
du possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux ¢
intéfessés sont représentés dans chaque comité d’études.

Les|Publications de 'lEC se présentent sous la forme de recommandations internationales et sont
comme telles par les Comités nationaux de I'lEC. Tous les efforts faisonnables sont entrepris afin qu
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et rggionales. Toutes divergences entre toutes Publications de I'IEC et toutes publications nation
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de conversion photovoltaique de I'énergie solaire.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2014. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition

précédente:

a) Modifications des références normatives et des termes et définitions;

b) Amélioration de la catégorisation des boites de jonction en 4.1;

c) Clarification de la température ambiante en 4.1;

d) Ajout de l'exigence prévoyant de fournir les indices RTE/RTI ou IT en 4.2;
e) Référence a I'lEC 62930 a la place de la référence a 'EN 50618 en 4.6;


https://iecnorm.com/api/?name=0a9b42ce7ea52acb90779b638d504b4a

- 58 - IEC 62790:2020 © IEC 2020

f) Ajout de "l'isolation fonctionnelle" dans le Tableau 1;

g) Ajout de "ligne de fuite entre les bords du joint scellé" dans le Tableau 3;

h) Correction de la procédure du processus de catégorisation des groupes de matériaux
(suppression de I'lTC) au 4.15.2.3;

i) Exigence d'approbation des indices RTE/RTI ou IT pour les parties isolantes en 4.16.1 et
4.16.2;

j) Modification des exigences concernant le potentiel électrochimique en 4.17.2;

k) Clarification des essais de vérification du code IP au 5.3.4.2;

I) Ajout de la tension d'essai pour les joints scellés en 5.3.6 et 5.3.16;
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put de la description détaillée sur la fagon de préparer les éprouvettes pour l'es
Cle thermique en 5.3.9.1;

hformément au MQT 18.1 de I'l|EC 61215-2: 2016;
uvelle procédure d'essai pour I'essai de courant de surcharge inverse |au 5.3.23;

uvelle Figure 1 pour I'essai de cycle thermique.
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BOITES DE JONCTION POUR MODULES PHOTOVOLTAIQUES -
EXIGENCES DE SECURITE ET ESSAIS

1 Domaine d’application

Le présent document décrit les exigences de sécurité, les exigences de construction

et les

essais relatifs aux boites de jonction jusqu’a 1 500 V en courant continu utilisées sur des

modules photovoltaiques conformes a 1a classe Il de 'IEC 61140:2016

Le prgsent document s’applique également aux enveloppes montées sur deswm

pdules

photoyoltaiques comportant des circuits électroniques pour la conversion, le, contrple, la

surveillance ou opérations similaires. Des exigences supplémentaires_‘concerna

nt les

opérafions correspondantes sont appliquées en considérant les conditions d’environnement

des modules photovoltaiques. Le présent document ne s’appliquéy-pas aux d
électrgniques de ces dispositifs pour lesquels d’autres normes IEC s’appliquent.

NOTE |Pour les boites de jonction conformes aux classes 0 et Il de I'lEC 61140:2016 dans les sy
photovqltaiques, le présent document peut étre utilisé en référence.

2 Reférences normatives

Les dpcuments suivants cités dans le texte constituent, pour tout ou partie de leur co
des ¢gxigences du présent document. Pour les\\références datées, seule [I’édition
s’appllque. Pour les références non datées, la derniére édition du document de réfe
s'appllque (y compris les éventuels amendemerits).

IEC 60060-1, Technique des essais & (Haute tension — Partie 1: Définitions et exig
générales

IEC 60068-1, Essais d’environnement — Partie 1: Généralités et lignes directrices

IEC 60068-2-14:2009, Essais d’environnement — Partie 2-14: Essais — Essai N: Variat
température

IEC 60068-2-70, Essais d’environnement — Partie 2-70: Essais — Essai Xb: Effaceme
marquages et inscriptions par friction des doigts et des mains

IEC 60068-2~75, Essais d’environnement — Partie 2-75: Essais — Essai Eh: Essais au m

ircuits

stémes

htenu,
citée
rence

ences

on de

nt des

hrteau

IEC 60068-2-T8;
essai continu

mide,

IEC 60216-1, Matériaux isolants électriques — Propriétés d'endurance thermique — Partie 1:

Méthodes de vieillissement et évaluation des résultats d'essai

IEC 60216-5, Matériaux isolants électriques — Propriétés d'endurance thermique — Partie 5:

Détermination de I'indice d’endurance thermique relatif (RTE) d’'un matériau isolant

IEC 60352-2, Connexions sans soudure — Partie 2: Connexions serties — Exigences

générales, méthodes d’essai et guide pratique

IEC 60352-3, Connexions sans soudure — Partie 3: Connexions autodénudantes accessibles

sans soudure — Regles générales, méthodes d’essai et guide pratique
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IEC 60352-4, Connexions sans soudure — Partie 4: Connexions autodénudantes
non accessibles sans soudure — Régles générales, méthodes d’essai et guide pratique

IEC 60352-5, Connexions sans soudure — Partie 5: Connexions insérées a force — Exigences
générales, méthodes d’essai et guide pratique

IEC 60352-6, Connexions sans soudure — Partie 6: Connexions a percement d'isolant —
Régles générales, méthodes d’essai et guide pratique

IEC 60352-7, Connexions sans soudure — Partie 7: Connexions a ressort — Régles générales,
méthodes d’essai et guide pratique

IEC 6(Il529, Degrés de protection procurés par les enveloppes (code IP)

IEC 60664-1:2007, Coordination de l'isolement des matériels dans les systémes (réseaux) a
basse|tension — Partie 1: Principes, exigences et essais

IEC 60695-2-11, Essais relatifs aux risques du feu — Partie 2-11: Essais’au fil incandegcent /
chauffant — Méthode d’essai d’inflammabilité pour produits finis (GWEPT)

IEC 60695-10-2, Essais relatifs aux risques du feu — Partie 10~2» Chaleurs anormales —| Essai
a la bijle

IEC 60695-11-10, Essais relatifs aux risques du feu )~ Partie 11-10: Flammes d’e$sai —
Méthodes d’essai horizontal et vertical a la flamme _de 50 W

IEC 60695-11-20, Essais relatifs aux risqueszdu feu — Partie 11-20: Flammes d’e$sai —
Méthodes d’essai a la flamme de 500 W

IEC 60947-7-1, Appareillage a basse tension — Partie 7-1: Matériels accessoires — Blgcs de
Jjonctiqn pour conducteurs en cuivre

IEC 60998-2-3, Dispositifs de-ea@nnexion pour circuits basse tension pour usage domelstique
et analogue — Partie 2-3: Regles particulieres pour dispositifs de connexion en tanpt que
partie$ séparées avec organes de serrage a pergage d'isolant

IEC 60999-1:1999, Dispositifs de connexion — Conducteurs électriques en cuiyre -
Prescfiptions de_securité pour organes de serrage a vis et sans vis — Partie 1: Prescriptions
générales et particuliéres pour les organes de serrage pour les conducteurs de 0, mm?2
a 35 mmZ (inclus)

999-2, Dispositifs de connexion — Conducteurs électriques en cuivre — Prescripti

; pour
les organes de serrage pour conducteurs au-dessus de 35 mm? et jusqu’a 300 mm?2 (inclus)

IEC 61032, Protection des personnes et des matériels par les enveloppes — Calibres d’essai
pour la vérification

IEC 61140:2016, Protection contre les chocs électriques — Aspects communs aux installations
et aux matériels

IEC 61191-1, Ensembles de cartes imprimées — Partie 1: Spécification générique — Exigences
relatives aux ensembles électriques et électroniques brasés utilisant les techniques de
montage en surface et associées
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IEC 61210, Dispositifs de connexion — Bornes plates & connexion rapide pour conducteurs
électriques en cuivre — Exigences de sécurité

IEC 61215-1:2016, Modules photovoltaiques (PV) pour applications terrestres — Qualification
de la conception et homologation — Partie 1: Exigences d'essai

IEC 61215-2:2016, Modules photovoltaiques (PV) pour applications terrestres — Qualification
de la conception et homologation — Partie 2: Procédures d'essai

IEC 61730-1:2016, Qualification pour la sdreté de fonctionnement des modules
photovoltaiques (PV) — Partie 1: Exigences pour la construction

IEC 62852, Connecteurs pour applications en courant continu pour systémes photovoltaiques
— Exidences de sécurité et essais

IEC 62930, Electric cables for photovoltaic systems with a voltage rating of 1,5 KV DC
(dispopible en anglais seulement)

ISO 868:2003, Plastiques et ébonite — Détermination de la duretécpar pénétration au moyen
d’un durometre (dureté Shore)

ISO 4892-2, Plastiques — Méthodes d’exposition a des soufces lumineuses de laboraloire —
Partie|2: Lampes a arc au Xénon

ISO 4892-3, Plastiques — Méthodes d’exposition a.des sources lumineuses de laboraloire —
Partie|3: Lampes fluorescentes UV

3 Termes et définitions

Pour |es besoins du présent document;les termes et définitions donnés dans I'lEC TS 61836
ainsi que les suivants s'appliquent,

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre ut|lisées
en nomalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/
e |ISO Online brewsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
boite de jonction de module
assenlblage/de composants, tels que des boites, capots, plaques de couverture, couvgrcles,
extengions de boite, accessoires, etc., assurant, aprés assemblage et installation Lur le
module photovoltaique en usage normal, un degré approprié de protection contre les
influences externes et un degré défini de protection contre les contacts avec les parties
actives enfermées dans toutes les directions accessibles

3.11
boite de jonction pour réouverture
boite de jonction qui peut étre ouverte a tout moment

Note 1 a I'article: Elle peut contenir des connexions démontables et non démontables.

3.1.1.1

boite de jonction pour cablage en usine

boite de jonction qui est fixée et connectée au module PV dans des conditions contrdlées, en
général chez le fabricant
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3.1.1.2
boite de jonction pour cablage sur site
boite de jonction contenant des cablages destinés a étre réalisés sur site

3.1.2

boite de jonction, non destinée a la réouverture
boite de jonction qui ne peut pas étre ouverte aprés son montage dans I'application finale

3.2

presse-étoupe
dispositif permettant I'introduction d’'un ou plusieurs cables électriques dans la boite de

joncti

[SOU
matér

3.3

étanc
métho
atmos

[SOUF

3.4
serre-
capac
et les

3.5
conng
conng
compg

permettre de réaliser leur connexian ou déconnexion avec un autre composant appropri¢

3.6

utilisgtion prévue

utilisafion d'une boite dejjonction conformément aux informations d'utilisation données
fabricant

[SOURCE: IEC60050-903:2013, 903-01-13, modifié — "un produit, procédé ou service'
remplacé parl'une bofite de jonction" et "fournisseur" a été remplacé par "fabricant".]

3.7

organ€ de serrage

CE: IEC 60050-426:2008, 426-04-18, modifié — " et/ou optiques" a été supprimé
el électrique" a été remplacé par "la boite de jonction".]

héite

et "un

de assurant l'aptitude d’'un composant a résister a |a \pénétration d’agents

phériques polluants

RCE: IEC 60050-581:2008, 581-23-16]

cable
té a limiter le déplacement d’un cable flexible contre les forces de traction et pr
forsions

cteur pour systémes photovoltaiques
cteur PV
sant adapté aux systémes photovoltaiques, placé a l'extrémité de conducteurs 3

pssion

fin de

par le

a été

partie(s) de la borne nécessaire(s) pour le serrage mécanique et la connexion électrique du
(des) conducteur(s), y compris les parties qui sont nécessaires pour assurer une pression de
contact correcte

3.8

distance d’isolement
distance d’isolement dans I’air
distance la plus courte dans l'air entre deux parties conductrices

[SOURCE: IEC 60050-426:2008, 426-04-12, modifié — La note a été supprimée.]
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3.9

ligne de fuite

distance la plus courte, le long de la surface d’'un matériau isolant, entre deux parties
conductrices

[SOURCE: 60050-151:2001, 151-15-50, modifié — "isolant solide" a été remplacé par
"matériau isolant".]

3.10
catégorie de surtension
chiffre définissant une condition de surtension transitoire

[SOURCE: IEC 60050-581:2008, 581-21-02]

3.11

pollutjon
tout apport de matériau étranger solide, liquide ou gazeux (gaz ionisés), qui peut enfrainer
une r§duction de la rigidité diélectrique ou de la résistivité de la surface(de’l'isolation

[SOURCE: IEC 60050-442:1998, 442-01-28, modifié — Modification-du libellé et suppression
de la note.]

3.12
degré|de pollution
chiffre| caractérisant la pollution prévue du micro-envifonhement

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

3.13
tensign assignée
valeur| de la tension, fixée par le fabricant pour la boite de jonction et a laquelle on se|référe
pour I¢ fonctionnement et pour les caractéristiques fonctionnelles

Note 1 |a l'article: La tension asgsignee est équivalente a la tension assignée du systéme définie dans
I'lEC 61730-1.

[SOURCE: IEC 60664-1.2007, 3.9 modifié — "a un composant, a un dispositif oula un
matériel" a été remplacé’par "pour la boite de jonction" et la note a été remplacée par la Note
1 a l'article.]

3.14
tensign assighée d’isolement

valeur| efficace de la tension de tenue fixée par le fabricant pour la boite de jomction,
caractén I ite d ‘cifide (2 | ) d isolati |'

Note 1 a I'article: La tension assignée d'isolement n'est pas nécessairement égale a la tension assignée, qui est
principalement liée aux performances fonctionnelles.

[SOURCE: IEC 60664-1:2007, 3.9.1, modifié — "aux matériels ou a une partie d'entre eux" a
été remplacé par "pour la boite de jonction".]

3.15

tension de choc assignée

valeur de tension de tenue aux chocs fixée par le fabricant pour la boite de jonction,
caractérisant la capacité de tenue spécifiée de son isolation contre les surtensions
transitoires

[SOURCE: IEC 60664-1:2007, 3.9.2, modifié — "aux matériels ou a une partie d'entre eux" a
été remplacé par "pour la bofite de jonction".]
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tension de tenue aux chocs
valeur de créte la plus élevée de la tension de choc, de forme et de polarité spécifiées, qui ne
provoque pas de claquage de l'isolation dans des conditions spécifiées

Note 1 a I'article: La tension de tenue aux chocs est supérieure ou égale a la tension de choc assignée.

[SOURCE: IEC 60664-1:2007, 3.8.1, modifié — La Note 1 a l'article a été ajoutée.]

3.17

tension de tenue en valeur efficace

valeur

efficace la plus élevée d'une tension qui ne provoque pas de claquage de lis

lation

dans ¢

[SOUR

3.18

coura
valeur
(sans

échéa
ambia

3.18.2

courant
3.18.1[

es conditions spécifiées

RCE: IEC 60664-1:2007, 3.8.2]

t assigné

interruption) et simultanément sur tous ses contacts &t diodes de dérivation,
t, cablés avec le conducteur ayant la section la plus grande spécifiée, a la temp§g
te maximale, sans dépasser les limites supérieures de température

courant inverse

Igrey
valeur

tempé

Note 1
IEC 617

3.19

isolat
isolati
matér

[SOUH

3.20
isolat
isolati

de courant fixée par le fabricant, :\que la boite de jonction peut supporte
rature ambiante maximale, sans provoquer de situation dangereuse

A l'article: Le courant inverse est comparable au courant d’essai inverse du module photovoltaiq
30-2).

on fonctionnelle
bn entre parties conductrices qui est uniquement nécessaire au bon fonctionnem
el

RCE: IEC 60664-1:2007, 3.17.1]

on principale
bnlappliquée aux parties actives pour assurer la protection principale contre les

électri

de courant fixée par le fabricant, que la bofte de jonction, peut supporter en ¢

ontinu
e cas
rature

e (voir

bnt du

chocs

LIesS

Note 1 a I'article:

Cette notion n'est pas applicable a I'isolation utilisée exclusivement a des fins fonctionnelles.

[SOURCE: IEC 61140:2016, 3.10.1, modifié — "isolation des parties actives dangereuses qui
assure" a été remplacé par "isolation appliquée aux parties actives pour assurer" et "contre
les chocs électriques" a été ajouté.]

3.21

isolation supplémentaire
isolation indépendante prévue, en plus de lisolation principale, en vue d’assurer une

protec

tion contre les chocs électriques en cas de défaut de I'isolation principale
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[SOURCE: IEC 60664-1:2007, 3.17.3, modifié — "en tant que protection en cas de défaut" a
été remplacé par "en vue d’assurer une protection contre les chocs électriques en cas de
défaut de l'isolation principale".]

3.22
double isolation
isolation comprenant a la fois une isolation principale et une isolation supplémentaire

[SOURCE: IEC 60664-1:2007, 3.17.4]

3.23

isolatjon renforceée J
systéme d’isolation unique des parties actives, assurant un degré de protection.confre les
chocs|électriques équivalent a une double isolation

Note 1 [a l'article: L’isolation renforcée peut comporter plusieurs couches qui ne peuvent (pas” étre soumises a
essais $éparément en tant qu’isolation principale ou isolation supplémentaire.

[SOURCE: IEC 60664-1:2007, 3.17.5, modifié — "isolation des parties/actives dangereuges" a
été remplacé par "systéme d’isolation unique des parties actives".]

3.24
tensign locale
valeur| efficace la plus élevée de la tension en courant eontinu qui peut apparaitre a travers
n'impqgrte quelle isolation particuliere de la boite de jonetion, lorsque celle-ci est alimentée
sous lp tension assignée

[SOURCE: IEC 60664-1:2007, 3.5, modifié —, "courant alternatif ou" a été supprimé et
"lorsqu'un matériel est alimenté" a été remptacé par "particuliere de la boite de jonction,
lorsqule celle-ci est alimentée".]

3.25
indicq de résistance au cheminement
IRC
valeur| numérique de la tension.maximale, exprimée en volts, qu'un matériau peut sugporter
sans ¢heminement et sans.apparition de flammes persistantes dans des conditions d’essai
spécif|ées

[SOURCE: IEC 60050-212:2010, 212-11-59]

3.26
partie|accessible
partie |pouvant étre touchée au moyen d'un doigt d'épreuve normalisé

[SOURCE: IEC 60050-442:1998, 442-01-15]

3.27

cable photovoltaique

cable (cablage) électrique spécifiquement congu pour transporter le courant électrique des
dispositifs photovoltaiques et supporter les conditions environnementales couramment
rencontrées dans les champs de modules photovoltaiques

[SOURCE: IEC TS 61836:2016, 3.2.21, modifié — Suppression des notes. Cette source
n'existe que dans la langue anglaise.]
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température ambiante maximale
température ambiante maximale assignée par le fabricant a laquelle la boite de jonction est
capable de fonctionner sans dépasser les températures limites des matériels (IT, RTE/RTI)

4 Exigences de construction et performances

4.1 Généralités
Les boites de jonction conformes au présent document peuvent étre catégorisées comme
suit:

— | boite de jonction pour réouverture;

— | boite de jonction, non destinée a étre rouverte.
Les bgites de jonction pour réouverture peuvent étre classées en tant que

— | boite de jonction pour cablage en usine;

— | boite de jonction pour cablage sur site.
Pour des boites de jonction conformes au présent document, il-n'a été spécifié aucune valeur
de tension assignée et de courant assigné. Ces valeurs “doivent étre spécifiées par le
fabricant.
Les b¢ites de jonction doivent convenir a une utilisation/durable a I'extérieur, dans une|plage

de température ambiante de —40 °C a +85 °C ou conformément a la déclaration du fabri
la température ambiante est inférieure a —40 °C éu.supérieure a + 85 °C.

Les b¢ites de jonction doivent étre congues et dimensionnées de fagon a pouvoir sup
les contraintes électriques, mécaniques,thermiques et corrosives qui prévalent au co
leur ufilisation prévue et ne présenter aucun danger pour l'utilisateur ou I'environnement

La cor

4.2
4.2.1
Les bq

a) le
b) le

c) le

formité a ces exigences estlvérifiée par les essais spécifiés dans le présent docu

Marquage et identification
Identification
ites de jonction doivent étre identifiées et caractérisées par les marquages suivar

hom, la Mmarque déposée ou la marque d'origine du fabricant;
code~de référence du type;

Colrant assigné;

cant si

porter
irs de

ment.

d) les tensions assignées ou les tensions assignées d’isolement;

e) la tension de choc assignée, si elle est spécifiée;

f) la tension maximale de fonctionnement;

g) le degré de pollution;

h) le degré de protection procuré par I'enveloppe conformément a I'lEC 60529;

i) la plage de températures (les limites inférieure et supérieure de température ambiante), si
elle est différente de celle s’étendant de -40 °C a +85 °C;

j) le type de bornes;

k) les conducteurs qui peuvent y étre raccordés;

I) laréférence au présent document, le cas échéant;
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m) les symboles d’avertissement "Ne pas débrancher sous charge" (voir Annexe A) ou un
avertissement approprié dans les langues nationales respectives;

n) la polarité du connecteur, le cas échéant;

0) le type et le nombre de diodes de dérivation, le cas échéant;

p) le courant inverse (Iggy);

q) l'indice RTE/RTI ou IT (mécanique et électrique) de tous les matériaux isolants utilisés
dans la boite de jonction.

4.2.2 Marquage

Le magegaee dait-atraindAalabila ot facilamant Loihla
oo gt oot Cttr CT o CTC oTC—C Tt e T e T T oTioTeS

Le marquage de la bofte de jonction doit au minimum comporter les pointsé@),”b] et n)
de 4.2.1.

Si la gonnexion de la boite de jonction est assurée par des connecteurs_oulpar un céabfe fixe
dont Illextrémité comporte un connecteur, I'avertissement indiqué en m).de 4.2.1 doit figurer
sur une étiquette ou un élément analogue, apposé sur ou a proximité du connecteur. Une
instrugtion concernant 'emplacement de I'avertissement doit figufer“dans la documentation
technigue.

Les mprquages a) et b) de 4.2.1 doivent se trouver sur la plus petite unité d'emballage.

4.2.3 Documentation technique

Les éJéments d’identification de 4.2.1 qui ne seht pas marqués sur la boite de jgnction
confomément a 4.2.2 et les informationsc,suivantes doivent étre fournis daphs la
docunjentation technique du fabricant:

a) informations relatives aux extrémitésZpour ce qui concerne la connexion du cable gt des
cellules, le cas échéant;

b) inflormations relatives au (systéme de) connecteur(s), le cas échéant;
c) informations relatives au montage (matériau de la face arriere du module, par exemple) et
aul matériau de montage (le’matériau d'étanchéité, I'adhésif, par exemple), le cas échéant.

4.3 |Protection contre'les chocs électriques

4.3.1 Une boiterde”jonction doit étre congue de sorte que, aprés le montage, les parties
activep ne soient\pas accessibles. Cette exigence doit étre satisfaite, méme en cas de
déformation duyeapot et/ou du couvercle suite a une contrainte mécanique ou thengmique
susceptible<de“se produire dans le cadre d’une utilisation normale. En outre, le degré de
protegtion{du’ capot ne peut pas étre réduit par cette possible déformation.

4.3.2 Les parties amovibles ne doivent pouvoir étre retirées qu’'a l'aide d’outils. Les
couvercles fixés sans vis doivent étre équipés d’'un ou de plusieurs dispositifs détectables,
par exemple, des encoches permettant de les retirer a 'aide d’outils. Si le couvercle est
correctement retiré, I'outil ne doit pas entrer en contact avec les parties actives.

4.3.3 Les parties des boites de jonction pour cablage sur site conformes a 3.1.1.2 ne
doivent pas pouvoir étre perdues ou desserrées.
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4.4 Extrémités, dispositifs de connexion et méthodes de connexion

4.41 Les extrémités doivent étre adaptées au type et a la gamme de sections de
conducteur conformément a la spécification du fabricant.

Les extrémités doivent étre maintenues en place de telle fagon qu'un éventuel déplacement
n’entraine pas de réduction des distances d’isolement dans I'air et des lignes de fuite.

Il est nécessaire de prendre des mesures pour éviter que les contacts soient soumis a des
contraintes entrainant leur dégradation et leur mouvement éventuel.

Les eXtremites doivent eire congues de maniere a ne pas transmetire la pression de, contact
par unl matériau isolant autre que la céramique, le mica pur ou tout autre matériau présgntant
des caractéristiques tout aussi convenables, a moins que les éléments métalliques [soient
suffisgmment résilients pour compenser tout rétrécissement ou écrouissement\éventliel du
matérjau isolant.

Des rmesures doivent étre prises pour empécher les connexions de-se desserref, par
exemple, a I'aide d’une rondelle.

4.4.2 Les dispositifs de connexion doivent satisfaire aux exigences suivantes, daps les
conditjons spécifiées en 5.1.3:

a) copnexions serties conformément a I'lEC 60352-2

b) copnexions autodénudantes conformeément a I'lEC 60352-3 (accessibles)
oua "EC 60998-2-3

c) copnexions autodénudantes conformément a I'lEC 60352-4 (non
accessibles) ou a I'lEC 60998-2-3

d) copnexions insérées a force conformément a I'lEC 60352-5

e) copnexions a percage d’isolant conformément a I'lEC 60352-6 ou a
I''EC 60998-2-3

f) organes de serrage sans vis conformément a I'lEC 60999-1 ou a
I''EC 60999-2 ou a I'l[EC 60352-7

g) organes de serrage a vis conformément a I'lEC 60999-1 ou a
I''EC 60999-2

h) bornes plates a connexion rapide conformément a I'lEC 61210

i) blgcs de jonction IEC 60947-7-1

j) cohnexionssoudées IEC 61191-1

en placeapres raccordement.

Les dispositifs de connexion doivent étre pourvus de moyens suffisants pour étre mairrtenus

Différentes bornes ou techniques de connexion peuvent étre utilisées si elles assurent un
niveau de sécurité comparable a celui indiqué dans les normes mentionnées ci-dessus.

Les extrémités constituées de connecteurs situés a l'intérieur de la bofite de jonction doivent
satisfaire aux exigences correspondantes de I'lEC 62852.

Les connexions brasées des cables et connecteurs de cellules doivent disposer de moyens
supplémentaires pour maintenir le conducteur en place.

Les connexions soudées sont aussi autorisées.

4.4.3 La conformité est vérifiée par les essais selon 5.3.19.
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4.5

Connecteurs

Les connecteurs photovoltaiques faisant partie intégrante de la boite de jonction et les
connecteurs photovoltaiques connectés par un cable a la boite de jonction doivent satisfaire
aux exigences de I'l[EC 62852. Les valeurs de courant et de tension assignés doivent

corres

4.6

pondre au minimum aux valeurs assignées de la boite de jonction.

Cables

Les cables photovoltaiques connectés a la boite de jonction doivent satisfaire aux exigences
de 'IEC 62930. Les valeurs assignées des cables doivent correspondre au moins aux valeurs
assignées de la boite de jonction

tantes

4.7 |Résistance au vieillissement

Les parties dont la détérioration risque de compromettre la sécurité doivent @étre résis

au viejllissement.

4.8 |Conception générale

4.8.1 Les boites de jonction doivent étre congues et dimensionnées de maniere a agsurer
une protection suffisante des cébles et des extrémités contre. les contraintes électffiques,

mécar

normalle.

4.8.2
raccof
du cdg
condu

4.8.3
bouch
étre rq

Ces e

4.8.4
partie
n’ont
appro

4.8.5
conne

iques et environnementales susceptibles de se produjre‘dans le cadre d’une utilis

Les boites de jonction doivent étre conguesvde sorte qu’il doit étre possibl

Cteur ne risque pas d'étre endommagée, en évitant les arétes vives, par exemple.
bns, etc.) qui doivent étre confornmies aux exigences de 5.3.15. lIs ne doivent pp
tirés qu’a I'aide d’un outil.

igences s’appliquent également aux ouvertures défongables.

active et une partie métallique accessible ou entre des parties actives non isolé

brié a I'application. La barriére ne doit pouvoir étre retirée qu’a I'aide d’un outil.

kKions démontables doivent étre congues de sorte que

a) de

BrAaeaHbona—aod f oricoc o N la conductae ooit rotiaio—recaontralaoc oo

an - 0 I=Y
S PTCCTOTTOTTS SUTCTIT P ioC S PpoOUT U tTC—C oo o CTC O SO PpTrotc gt~ c oo T e o~ CoTtrd

ation

e de

der des conducteurs du type et de la section.spécifiés par le fabricant. Outre I'extfémité
nducteur, des dispositions doivent étresprises pour s'assurer que l'isolatipn du

Toutes les ouvertures doivent étre’ pourvues de couvercles appropriés (couvercles,

uvoir

Les barrieres en'\matériau polymérisé isolant assurant la seule isolation entile une

S qui

bas le méme potentiel électrique doivent avoir une épaisseur adéquate et un matériau

Les\boites de jonction pour réouverture conformément a 3.1.1 et pourvues de

Aptaintes

de cisaillement et de traction au niveau de I'extrémité et soit maintenu de maniére a éviter
toute torsion,

b) la boite de jonction soit en mesure d’accepter les cables adaptés a I'utilisation dans des
systémes photovoltaiques, tels que spécifiés par le fabricant (voir 4.2.3),

c) le

4.9

volume soit suffisant pour connecter le conducteur.

Degré de protection (IP)

Une boite de jonction doit présenter, au moins, un degré de protection IP55, catégorie 1,
conformément a I'lEC 60529.
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Rigidité diélectrique

Une boite de jonction doit supporter I’'essai de tension de tenue aux chocs et I’essai de tenue
de tension en fonction de sa tension assignée conformément a 5.3.6.

4.11

Plage de température ambiante

Les boites de jonction doivent supporter les valeurs supérieure et inférieure de la plage de
températures indiquée en 4.1 ou spécifiée par le fabricant, si elles sont respectivement
inférieures a la valeur minimale ou supérieure a la valeur maximale indiquées en 4.1.

4.12

Le se
diamé

Des p
fixées

Le se

satisfgire a I'une des exigences suivantes:

a) étle muni d'un revétement en matériau isolant pour éyitef la mise sous tension
partie métallique accessible en cas de défaillance;

b) aucun contact ne doit étre possible avec le doigt d'€ssai conformément a I'lEC 6052

La conformité est vérifiée par I'’essai de 5.3.21.

4.13
4.131

compromettre la sécurité aprés soumission aux contraintes mécaniques spécifiées d
progrgmme d’essai.

4.13.20 Les contacts d'une bQite de jonction montée pour utilisation finale doiven

solide

4.13.3

4.14
4.141

En for

Serre-cahle

re-cable doit convenir au cable a raccorder. Le fabricant doit spécifier laplag
fres de cables acceptables.

eces flottantes insérées pour obtenir le serrage du cable sont admissibles si elle
a la boite de jonction montée.

re-cable peut étre réalisé en matériau isolant ou en métal,- &'il est en métal,

Résistance mécanique

Une boite de jonction ne doijt* pas présenter de dégradation susceptib

ment maintenus dans Je~corps de contact.

Isolation

Type d’isolation

e des

5 sont

il doit

d'une

le de
Ans le

t étre

Aprés soumjssion aux contraintes spécifiées dans le programme d'essai, l'isplation
interng¢ ne doit pas présenter de dégradation qui pourrait compromettre I'utilisation norm

ale.

LliCoe o ol IS

1 <l 1 ] HP~w~ H 4 <l 4440 LY H H EH 4 <l [l
TCUUTT UGS TAd LIdooTU  TTTUTYUT T UdlTo TTLOL U T THU CUUT T UllmodaltivlT provuc Ut 1d v

jonction, le type d’isolation doit étre choisi dans le Tableau 1.

ite de
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Tableau 1 — Type d’isolation exigé

R Isq

F Isq

a8 (Cdtte colonne ne concerne que la protection contre le flash ou effet Rocky Point.

Classe (IEC 61140) Protection exigée Isolation entre les Isolation entre les Isolation entre les
contre le contact parties actives et dispositifs de parties actives de
direct les surfaces connexion pour polarités
accessibles boite de jonction différentes sur un
conforme a 3.1.12 méme circuit
Classe 0 Oui R P
Classe ll Oui R R P
Classe lll Non F R F
Légende
P Isglation principale

lation renforcée ou double isolation

lation fonctionnelle

4.14.2
L’isols

qu’elle
4.15.

4.14.3

Pour |
s'appl

4.14.4

Isolation principale

tion principale doit étre telle qu’elle peut supporter les\€ssais en tension de 5
satisfait aux exigences de lignes de fuite et de distances d’isolement conformér

Isolation supplémentaire

isolation supplémentaire, les mémes exigences relatives a l'isolation principale d
quer.

Double isolation

3.6 et
nent a

oivent

La dopble isolation doit étre congue’de fagon a ce que le claquage d'une partie (is¢lation

princif

doit pas étre possible de retirenlisolation supplémentaire sans utiliser un outil.

ale ou supplémentaire) n'affecte pas la fonction de protection de l'autre partie

Il ne

Pour I double isolation,«s'il n'est pas possible de soumettre séparément aux essais l'isplation

princif

isolatipn renforcée.

4.14.5

L’isold
I'isola

ale et l'isolation(supplémentaire, le systéme d'isolation doit étre considéré comn

Isolation renforcée

tion(renforcée doit étre telle qu’elle peut supporter les essais en tension de 5.3.6

e une

. Pour

ion’renforcée, les distances d’isolement doivent étre choisies dans le Tableau 2.

La valeur pour les lignes de fuite doit étre égale a deux fois celle de l'isolation principale,

confor

4.15
4.15.1

mément au Tableau 3.

Distances d'isolement et lignes de fuite

Distances d’isolement

Les distances d’isolement entre les parties actives et les surfaces accessibles doivent étre
dimensionnées conformément au Tableau 2 en fonction de la tension assignée.

Toutes les autres distances d’isolement de la boite de jonction doivent satisfaire aux
exigences d’isolation principale conformément au Tableau 2 en fonction de la tension locale.
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Tableau 2 — Tensions de choc assignées et distances d’isolement minimales

Isolation principale Isolation renforcée
Tension en Tension de choc Distance Tension de choc Distance
courant continu assignée d’isolement assignée d’isolement
assignée ou
locale
\ kV (1,2/50 ps) mm kV (1,2/50 ps) mm
100 1,5 0,5 2,5 1,5
150 2,5 1,5 4,0 3,0
300 40 3.0 6.0 55
600 6,0 5,5 8,0 8,0
1000 8,0 8,0 12 +4
1 500 10 11 16 19
Les vdleurs minimales sont de 0,2 mm, pour un degré de pollution 2, et de 0,8 mm, pour un degré de pollufion 3.
NOTE| Ces valeurs sont déduites de I'|EC 60664-1 et de I'lEC TR 60664-2-1 pour |a catégorie de surtengion Il
et pouf une altitude maximale de 2 000 m.

4.15.2

4.15.2.

Les i
dimen
en fon

Les b
de do

connekiion en fonction de la tension assignée de la boite de jonction.

Toute
d’isolqg
fonctid

Lignes de fuite

1 Généralités

sionnées pour l'isolation renforcée ou lasdouble isolation conformément au Tab
ction de la tension assignée, en considérant le degré de pollution spécifié au 4.15
pites de jonction démontables doiveht satisfaire aux exigences d’isolation renforg

Ible isolation du Tableau 3 entre les organes de serrage de I'extrémité des céab

5 les autres lignes delfuite de la boite de jonction doivent satisfaire aux exig

nnement spécifiée par le fabricant.

gnes de fuite entre les parties actives,.et les surfaces accessibles doivent étre

ences

tion principale conformément au Tableau 3 en fonction de la tension maximale de
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Tableau 3 - Lignes de fuite pour I’isolation principale

Tension Degré de Degré de pollution 2 Degré de pollution 3 Ligne
pollution de fuite
(Veen 1 entre
courant les
continu) | Tous les Groupe de | Groupe de | Groupe de |[Groupe de | Groupe de | Groupe de bords
groupes | matériaux | matériaux | matériaux |matériaux | matériaux | matériaux | gy joint
de | Il [} | I [} ;
ue scellé
matériaux
mm mm mm mm mm mm mm mm
<35 0,2 0,6 1,0 1,2 1,5 1,7 1,9 0,1
100 0+3 O+F 16 44 -8 20 22 0,2
150 0,3 0,8 1,1 1,6 2,0 2,2 2,5 0,3
200 0,4 1,0 1,4 2,0 2,5 2,8 3,2 0,3
300 0,7 1,5 2,1 3,0 3,8 4,2 477 0,5
600 1,7 3,0 4,3 6,0 7,6 8,6 9,5 0,7
1000 3,2 5,0 7,1 10 13 14 16 1,0
1500 5,2 7,5 10 15 19 21 24 1,7
Une intefpolation linéaire est admise.
Les valeurs pour I'isolation renforcée ou la double isolation sont égales a deux fois celles de I'isolation principale.
L’isolgtion suffisante de la zone adhésive entre le.madule et la boite de jonction est vgrifiée
par l¢gs essais des groupesd’essai E, F et'G de 5.4 en prenant en considgration
’augmentation des tensions d’essai (voir essaj,concerné). Dans le cas ou les essais dnt été
satisfgisants, les lignes de fuite entre les bordsdes joints scellés doivent étre dimensignnées
commep cela est indiqué dans la derniére colonne du Tableau 3.
NOTE |Les informations relatives aux joints scellés peuvent étre consultées dans I'lEC 61730-1.
4.15.2.2 Degré de pollution
Les lignes de fuite et les distances d’isolement entre les parties actives dangereuses|et les
surfaces accessibles en dehors de I’enveloppe doivent étre dimensionnées selon le degré de
pollutipn 3. Les distaneces' a l'intérieur de I'enveloppe doivent étre dimensionnées sdlon le
degré| de pollution (2, 1e degré de pollution 1 peut étre appliqué si les exigences
corregpondantes de.l’Annexe B sont satisfaites.
En cap d’utilisation de matériau d’enrobage, 'essai de I’Annexe B doit étre effectué [sur la
boite e jonction et le module associé.

4.15.

Les matériaux isolants sont classés en quatre groupes en fonction de leur indice de
résistance au cheminement (IRC) lorsqu’ils sont soumis a essai conformément a I'l[EC 60112:

Groupe de matériaux |

Group
Group
Group

IRC > 600

400 < IRC < 600
175 < IRC < 400
100 < IRC < 175

e de matériaux Il
e de matériaux llla

e de matériaux Illb

Les valeurs spécifiées pour les groupes sont des valeurs de référence et sont basées sur la
tension d’essai de I'l[EC 60112.

NOTE La valeur d’'ITC n’est pas fonction de la tension du systéme ou de la tension locale d’'un module ou d’un
systeme photovoltaique.
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L’'essai d’indice de résistance au cheminement (IRC) conforme a I'lEC 60112 est congu pour
comparer les performances de divers matériaux isolants dans des conditions d’essai. Il fournit
une comparaison qualitative et dans le cas de matériaux isolants ayant tendance au
cheminement, il fournit aussi une comparaison quantitative.

4.16 Parties isolantes
4.16.1 Parties extérieures accessibles

Les parties extérieures accessibles en matériau isolant, dont la détérioration pourrait
compromettre la sécurité de la boite de jonction, doivent satisfaire aux exigences suivantes:

a) Clagsse minimale d'inflammabilité V-1, conformément a I'NEC 60695-11-10. Ceci dqgjt étre
démontré par une fiche technique du fournisseur du matériau, par un essai du produlit final
oul au moyen de plaques d’essai préparées. Voir 5.3.12.1.

Si|l’épaisseur de la paroi est inférieure a 3,0 mm, la classe minimale d’inflammabilité 5-V
conformément a I'lEC 60695-11-20 doit étre réalisée sur le produit final ~\Moir 5.3.12.p.

b) Rdsistance aux intempéries, vérifiée par I'essai selon 5.3.11, suivi' de I'essaiau fil
ingandescent de 5.3.14 a).

c) Lejs exigences de résistance thermique selon 5.3.13 a) doivent &tre satisfaites.

d) Agdprobation de l'indice d’endurance thermique relatif, de {’indice thermique relatif [ou de
I'indice de température (RTE/RTI ou IT) conformément a [I'IlEC 60216-5 [ou a
I'IEC 60216-1. Les valeurs doivent étre mentionnées dans'la documentation techniqde.

Lels valeurs pertinentes de I'indice RTI évaluées conformément a 'UL 746B sont admises
comme alternative a I'indice RTE.

4.16.2 Parties internes maintenant les parties'actives en place

Les parties internes en matériau isolant et*maintenant les parties actives en place doivent
satisfgire aux exigences suivantes:

a) Classe minimale d'inflammabilité-HB, conformément a I'lEC 60695-11-10. Ceci dojt étre
démontré par une fiche techniquedu fournisseur du matériau, par un essai du produit final
oul au moyen de plaques d’essai préparées. Voir 5.3.12.1.

L’'¢ssai selon 5.3.14 b) doit étre satisfait.
c) Les exigences de résistance thermique de 5.3.13 b) doivent étre satisfaites.
A

probation de lindice d’endurance thermique relatif, de l'indice thermique relatif [ou de
I'indice de température (RTE/RTI ou IT) conformément a [I'IEC 60216-5 [ou a
I'I'EC 60216-4."Les valeurs doivent étre mentionnées dans la documentation techniqde.

Lejs valeurs pertinentes de I'indice RTI évaluées conformément a 'UL 746B sont agdmises
comme-alternative a I'indice RTE.

Les ekigences du présent paragraphe s’appliguent également au matériau d’enrobage qui
maintient les parties actives en place.

4.17 Parties conductrices et résistance a la corrosion

4.17.1 Les parties métalliques doivent étre congues de sorte que la corrosion ne doit pas
compromettre la sécurité, du point de vue des caractéristiques électriques et mécaniques.

Toutes les parties conductrices doivent étre en métal, de maniére a assurer, en
fonctionnement normal, une résistance mécanique suffisante, une conductivité électrique
suffisante et une protection contre la corrosion suffisante.

4.17.2 Les exigences de 5.5.3.1 de I'l|EC 61730-1:2016 s’appliquent.
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4.18

Etanchéité

Les garnitures et joints d’étanchéité ne doivent pas présenter de détérioration au terme de

I'essai

4.19

de vieillissement accéléré de 5.3.15.

Diode de dérivation

La diode de dérivation et la dissipation thermique mises en place pour limiter les effets
néfastes du point chaud du module doivent étre suffisantes pour le module.

Des diodes de dérivation paralleles sont autorisées si 'une de ces deux diodes est capable

de copduire le courant assigné de la bhoite de jonction sans dépasser la températl
~J J Ll T

re de

jonctia
compg

4.20

Il doit
étre rq

Dans

les bapures ne sont pas acceptés.

n maximale. Lorsque des diodes de dérivation fonctionnent en paralléle, elles\d
rter un couplage thermique.

Entrées (sorties) d’une ouverture défongable destinées a étre retirées par im
mécanique

étre possible de retirer les entrées (sorties) d’'une ouverture .défoncable destin
tirées par impact mécanique sans endommager la bofte.

e cas des entrées (sorties) d’'une ouverture défongable_pour les cébles, les écl

oivent

pact

ées a

Ats ou

u une

ation,

ssais,

Dans [le cas des entrées (sorties) d’'une ouverture défoncable pour les conduits et/o
utilisation avec un guide ou une membrane, les éclatsc¢et les bavures sont ignorés.
L’approbation est accordée par essai selon 5.3,20:

5 Esgsais

5.1 [Généralités

511 Le programme d’essaiscomprend les essais de sécurité et les essais de qualifi
commge indiqué dans les “normes des composants et des modules et systémes
photoyoltaiques.

5.1.2 Les essais doivent étre réalisés dans I'ordre spécifié pour chaque groupe d's

en utilisant le nombre d'éprouvettes indiqué dans le Tableau 4. Il doit étre utilisé pour c

group

b d'essajsidn ensemble séparé de nouvelles éprouvettes.

haque
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Tableau 4 — Nombre d’éprouvettes

Essai Description de I’éprouvette Nombre
Groupe A | Eprouvette distincte, comportant tous les marquages et composants. 1
Groupe B | Eprouvette distincte, comportant tous les marquages et composants. 3

B3 Plaques d’essai en matériau polymére faisant office d’enveloppe et de polyméres 1
faisant office de support pour les parties métalliques actives, respectivement.

B6 Plaque d’essai supplémentaire en matériau d’enrobage, le cas échéant. 1

B10 Eprouvette montée sur la face arriére, enrobée (le cas échéant). 1

Groupe C | Eprouvette distincte, comportant tous les marquages et composants. 1

Grouge D | Eprouvette distincte, comportant tous les marquages et composants. 5

Groupe E | Eprouvette montée sur la face arriére adaptée avec un adhésif correspondant, enrobéé 12

(le cas échéant). Connexions aux cellules pliées et connectées comme cela est indique
en 5.2.5. Le cable prévu doit étre connecté.

Groupe F | Eprouvette montée sur la face arriére adaptée avec un adhésif correspondant{ énrobée 12
(le cas échéant). Connexions aux cellules pliées et connectées comme celd est indiqué
en 5.2.5. Le cable prévu doit étre connecté.

Grougle G | Eprouvette montée sur la face arriére adaptée avec un adhésif correspondant, enrobée 12
(le cas échéant). Connexions aux cellules pliées et connectées comme cela est indiqué
en 5.2.5. Le cable prévu doit étre connecté.

H Eprouvette montée sur la face arriére adaptée avec un adhésif\correspondant, enrobée fpbc
(le cas échéant). Connexions aux cellules pliées et connectées comme cela est indiqué
en 5.2.5. Le cable prévu doit étre connecté.

11 Eprouvettes préparées conformément & 5.2.6. 1Ppoe

Groupe J | Eprouvette montée sur la face arriére adaptée avéc un adhésif correspondant, enrobée 12
(le cas échéant). Connexions aux cellules pliéesjet connectées comme cela est indiqué
en 5.2.5. Le cable prévu doit étre connecté,

a8 S’il est prévu de monter la boite de jonction sur.plusieurs faces arriére et/ou de la fixer avec pldsieurs
adhésifs et/ou de I’enrober avec plusieurs matéfiaux d’enrobage, les essais doivent étre réalisés selon|toutes
les|combinaisons possibles avec le nombre cofrespondant d’éprouvettes.

b g'il est prévu d'utiliser la boite de jonction avec plusieurs types et/ou combinaisons de diodes de dérivation
et/pu plusieurs courants assignés de boite de jonction, les essais doivent étre réalisés dans toufes les
coipfigurations possibles avec le nombre correspondant d’éprouvettes.

¢ S’il est prévu d’enrober la boité de jonction de sorte que les diodes de dérivation ne soient pas accesgsibles,
les|thermocouples doivent étre fixés avant I’enrobage et aprés consultation de I'organisme d’essai.

5.1.3 Les essais*doivent étre réalisés dans les conditions atmosphériques normales de
I'IEC 60068-1,sduf spécification contraire dans le programme d'essai.

5.1.4 Les essais sur les extrémités doivent étre réalisés sur toutes les extrémiteés par
éprouyetie.

5.1.5 L'éprouvette est considérée non conforme au présent document si elle échoue a plus
d'un essai, quel que soit le groupe d'essais. Si I'éprouvette échoue a I'un des essais, cet
essai ainsi que les précédents qui peuvent avoir affecté les résultats, doivent étre
recommenceés sur une nouvelle éprouvette, laquelle doit satisfaire a I'intégralité de la nouvelle
série d’essais.

5.1.6 Sauf spécification contraire, il convient de réaliser tous les examens visuels a I'ceil
nu.

5.2 Préparation des éprouvettes

5.21 Les éprouvettes doivent étre préalablement conditionnées, dans des conditions

normales conformément a I'lEC 60068-1, avant essai, pendant une période de 24 h a
(25 +5) °C.
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5.2.2 Les essais doivent étre réalisés avec des conducteurs en cuivre, sauf spécification
contraire du fabricant, et en utilisant le type de conducteur spécifié pour la boite de jonction.
Si les extrémités sont prévues pour tous les types de conducteur (& un seul brin, toronné et
souple), les essais doivent étre réalisés avec les conducteurs représentant le cas le plus
défavorable.

5.2.3 Pour les connexions aux cellules, les conducteurs spécifiés par le fabricant doivent
étre connectés de maniére a représenter le cas le plus défavorable. Pour certains essais, il
est nécessaire de court-circuiter les connexions aux cellules.

5.2.4 Sauf spécification contraire du fabricant, tous les organes de serrage a vis doivent

étre serrés—aucouptestiputédansteTabteau-5conformément a3 HEC668999=-+—"""

Tableau 5 — Valeurs des couples pour les organes de serrage a vis

Diamétre nominal de Valeurs des couples pour les vis métalliques et non"métalliquesg

filetage 1 1l 1 I\
mm Nm Nm Nm Nm

<2,8 0,2 0,4 0,4 0,7

> 2,8 jusqu’a 3,0 0,25 0,5 0,5 0,9
> 3,0 jusqu’a 3,2 0,3 0,6 0,6 1,1
> 3,2 jusqu’a 3,6 0,4 0,8 0,8 1,4
> 3,6 jusqu’a 4,1 0,7 1,2 1,2 1,8
> 4,1 jusqu’a 4,7 0,8 18 1,8 2,3
> 4,7 jusqu’a 5,3 0,8 2,0 2,0 4,0
> 5,3 jusqu’a 6,0 1,2 2,5 3,0 4,4
> 6,0 jusqu’a 8,0 2,5 3,5 6,0 4,7
> 8,0 3,08 4,0 10,0 5,0

a8 Oy a préciser par le fabricant.

La colonne | s'applique aux vis'sans téte qui, si elles sont serrées, ne dépassent pas de |'orifice de [a vis,
ainsi qu'aux autres vis qui ne peuvent pas étre serrées au moyen d'un tournevis dont la lame
est plus large que le diamétre de la vis.

La colonne Il s'applique’yaux écrous des dispositifs de serrage a capot taraudé serrés au moyep d'un
tourngvis:
La colonne lll s'‘applique aux vis et écrous autres que les écrous de dispositifs de serrage a capot tafaudé,

serres par des moyens autres qu'un tournevis.

La colonne IV s’applique aux vis serrées au moyen d’un tournevis cruciforme.

5.2.5 Saufspeécification contraire dans fe programme d essat, tous 165 essals doivent étre
réalisés sur I’éprouvette entierement montée conformément aux instructions du fabricant.

Un nombre suffisant d’éprouvettes doit étre collé sur une surface de montage en
fonctionnement normal. La surface de montage doit étre composée du méme matériau que le
matériau de la face arriere du module sur lequel il est prévu de fixer la boite. S’il est prévu de
fixer la boite avec plusieurs adhésifs sur les faces arriéres, un nombre suffisant d’éprouvettes
doit étre soumis a essai pour chaque matériau. Les essais doivent étre réalisés avec le
nombre maximal spécifié de diodes de dérivation disposées pour représenter le cas le plus
défavorable.

Les connexions aux cellules doivent étre repliées et fixées de sorte qu'une connexion
conductrice touche la surface de montage. Pour certains essais, il est nécessaire de court-
circuiter les connexions aux cellules.
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