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Preface (UL)

This UL Standard is based on IEC Publication 62109-1: First edition Standards for Safety of power
converters for use in photovoltaic power systems — Part 1: General requirements. IEC publication 62109-1
is copyrighted by the IEC.

The text, figures and tables of IEC Publication Safety of power converters for use in photovoltaic power
systems — Part 1: General requirements, 62109-1 copyright April 2010 are used in this Standard with the
consent of the IEC and the American National Standards Institute (ANSI). The IEC copyrighted material
has been reproduced with permission from ANSI. ANSI should be contacted regarding the reproduction of
any portion of the IEC material. The IEC Foreword and Introduction are not a part of the requirements of

this Standgrd-butare-inctuded-for-informationpurposesonty—Coptesof tECPubticatiomr6216p-1 may be
purchased [from ANSI, 11 West 42nd Street, New York, New York, 10036, (212) 642-4900.

Notr — Although the intended primary application of this Standard is stated in its Scope, it'is impgrtant to note
thai it remains the responsibility of the users of the Standard to judge its suitability for.their particplar purpose.

These materials are subject to copyright claims of IEC and UL. No partrof*this publicatibon may be
reproduced in any form, including an electronic retrieval system, without the'prior written permigsion of UL.
All request$ pertaining to the UL 62109-1 standard should be submitted\tor UL.
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NATIONAL DIFFERENCES

There are five types of National Differences as noted below. The difference type is noted on the first line
of the National Difference in the standard. The standard may not include all types of these National
Differences.

DR - These are National Differences based on the national regulatory requirements.

D1 — These are National Differences which are based on basic safety principles and requirements,
elimination of which would compromise safety for consumers and users of products.

D2 — Thesg¢ are National Differences from IEC requirements based on existing safety practil:es. These
requiremerts reflect national safety practices, where empirical substantiation (for the IEC |or national
requiremert) is not available or the text has not been included in the IEC standard.

DC - Thesg are National Differences based on the component standards and Wwill not be deleted until
a particulaf component standard is harmonized with the IEC component stapdard.

DE — Thesg are National Differences based on editorial comments or.corrections.

Each natiopal difference contains a description of what the national difference entails. Typically one of the
following wprds is used to explain how the text of the national difference is to be applied to the base IEC
text:

Aqdition / Add - An addition entails adding a eomplete new numbered clause, subglause,
tabje, figure, or annex. Addition is not meant t@’include adding select words to the base IEC
text.

odification / Modify - A modificatign’is an altering of the existing base IEC text sjich as the
addglition, replacement or deletion of certain words or the replacement of an entire clayse,
sulpclause, table, figure, or annex_of the base IEC text.

Deletion / Delete - A deletion entails complete deletion of an entire numbered clauge,
subpclause, table, figurep.or annex without any replacement text.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF POWER CONVERTERS FOR USE IN PHOTOVOLTAIC POWER SYSTEMS - Part 1:

General requirements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions

concerning st
International §
referred to as
in the subject
liaising with

Standardizatid

2) The formal
opinion on the

3) IEC Public
sense. While

held responsible for the way in which they are used or for any misinterpretation by any end user.

4) In order to
maximum exf{
corresponding

5) IEC itself d
and, in some|
certification b

6) All users s
7) No liability
technical conm
whatsoever,

reliance upon

8) Attention is|

hndardization in the electrical and electronic fields. To this end and in addition to other activities,
tandards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and\Gui
“IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National\Cemmi
dealt with may participate in this preparatory work. International, governmental and nongdvernmental
he IEC also participate in this preparation. IEC collaborates closely with the [nterhational Or
n (ISO) in accordance with conditions determined by agreement between the two organizations.

decisions or agreements of IEC on technical matters express, as nearly as possible, an international
relevant subjects since each technical committee has representation from_all ‘interested IEC National

tions have the form of recommendations for international use and{are accepted by IEC National Com
all reasonable efforts are made to ensure that the technical cohtent of IEC Publications is accurate, |

promote international uniformity, IEC National Commitiees undertake to apply IEC Publications trans
lent possible in their national and regional publications. Any divergence between any IEC Public
national or regional publication shall be clearlyindicated in the latter.

bes not provide any attestation of conformity:*Independent certification bodies provide conformity assesg
areas, access to IEC marks of confermity. IEC is not responsible for any services carried out b
dies.

ould ensure that they have the latest edition of this publication.
shall attach to IEC-or_its directors, employees, servants or agents including individual experts and n
mittees and |IEC National Committees for any personal injury, property damage or other damage
hether direct, arindirect, or for costs (including legal fees) and expenses arising out of the publicati

this IEC/Publication or any other IEC Publications.

drawn,to the Normative references cited in this publication. Use of the referenced publications is indisp4g

correct applici

C publishes

LE
es (hereafter

tee interested
organizations
anization for

consensus of
Committees.
Mmittees in that

EC cannot be

arently to the
htion and the

ment services

independent

embers of its
pf any nature
bn, use of, or

nsable for the

htion” of this publication

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

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

The text of

this standard is based on the following documents:
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FDIS Report on voting

82/593/FDIS 82/597/RVD

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

table.

A list of all parts of IEC 62109 series, under the general title, Safety of power converters for use in
photovoltaic power systems, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until the stability
date indicated on the IEC web site under “http://webstore.iec.ch” in the data related to the specific

publication[ATThiS date, the publication will be
¢ reconfirmgd,
e withdrawn,
e replaced py a revised edition, or
* amended
IMPORTANT - The ’colour inside’ logo on the cover page of this publication indicates that it contains coloyrs which
are considefed to be useful for the correct understanding of its contents. Users should therefore print this focument
using a colqur printer.
1DV DE Addition:
Add the following to the end of the Foreword:
The numbering system in the standard uses a space instead of a comma 1o indicate
thqusands and uses a comma instead of a period to indicate a decimal point. Fgr example,

1 000 means 1,000 and 1,01 means 1.01.
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INTRODUCTION

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

1 Scope a

1.1 Scope

nd object

This part of IEC 62109 applies to the power conversion equipment (PCE) for use in Photovoltaic (PV)
systems where a uniform technical level with respect to safety is necessary. This standard defines the

minimum r

tric shock,

energy, firg
This standa
of this stan
2 — inverte

1.1.1 Equi

This standard covers PCE connected to systems not exceeding maximum PV source circuit

500 V d.c.
circuits, no
standard m
Evaluation
available fq
functions ¢

1.1

Re

1.1.2 Equi

This standard has not been-written to address characteristics of power sources other than |

systems, s

NOTE 1 Reql

equirements for the design and manufacture of PCE for protection against ele
, mechanical and other hazards.

rd provides general requirements applicable to all types of PV PCE. There are add
jard that provide specific requirements for the different types of power converters, s
s. Additional parts may be published as new products and technologies are comi
bment included in scope
['he equipment may also be connected to systems not exceeding 1 000 V a.c. at the
n-mains a.c. load circuits, and to other DC source-ef load circuits such as bat
ay be used for accessories for use with PCE, exceptiavhere more appropriate stan
of PCE to this standard includes evaluationtofrall features and functions incorpq
r the PCE, or referred to in the documentation provided with the PCE, if such

bn affect compliance with the requiremerits of this standard.

L1DV DR Modification in accordance with the following:

bment for which other requirements may apply

ich as wind turbines, fuel cells, rotating machine sources, etc.

irements for” other sources may be incorporated in the IEC 62109 series in the future.

Additional
(see IEC

?

r othier*requirements are necessary for equipment intended for use in explosive af
00v9), aircraft, marine installations, electromedical applications (see IEC 60

place the maximum PV source circuit voltage of 1 500 V d.c. with 2 000 V d.q.

tional parts
uch as Part
nercialised.

oltage of 1
a.c. mains
teries. This
Hards exist.

rated in or

features or

hotovoltaic

mospheres
601) or at

elevations

a

1o faWaVa¥al
VUVEC < UUU TT1.

NOTE 2 Requirements are included for adjustment of clearance distances for higher elevations, but not for other factors related to

elevation, suc

1.1

h as thermal considerations

.2DV DR Modification in accordance with the following:

Add new sentence before NOTE 1. "PV PCE with inputs for other non-PV power sources
(not specifically addressed by this standard), shall address the normal and abnormal
source specific operating characteristics including but not limited to; voltage range,
current range, short circuit current, over-voltage, etc.”
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1.2 Object

1.2.1 Aspects included in scope

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

a)

b)

NOTE Servici
associated wi
limited requirg
apparent ever
1.2.2 Aspsg
Aspects nog
a)
b)
c)

d)

NOTE This s
including requ

electric shock and energy hazards;

mechanical hazards;

)\bcbbivc tUIII[JUIa.tuIU ;IGLQIUID,
spread of fire from the equipment;
chemical hazards;
bonic pressure hazards;
liberated fluids, gases and explosion hazards.
hg personnel are expected to have the necessary knowledge and skill te’use reasonable care in dealin
h the operation, repair and maintenance of this equipment. BaSed upon this premise, this standard
ments (for example markings or guarding) intended to protect ‘service personnel from hazards th3
to trained personnel.
cts excluded from scope
t covered by this standard include,.hut*are not limited to, the following:
functional reliability, performanceor other properties of the equipment not related
effectiveness of transportpackaging;
EMC requirements;

installation requirements, which are covered by local and national installation code

andard doés provide requirements for PCE intended to ensure that the PCE can be installed in a
irements for installation instructions provided with the product.

2 Normatiye references

h with hazards
provides only
t may not be

o safety;

safe manner,

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

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

IEC 60085,

Electrical insulation — Thermal evaluation and designation

IEC 60112, Method for the determination of the proof and the comparative tracking indices of solid
insulating materials
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IEC 60216-1, Electrical insulating materials — Properties of thermal endurance — Part 1: Ageing
procedures and evaluation of test results

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

IEC 60216-3, Electrical insulating materials — Thermal endurance properties — Part 3: Instructions for

calculating

thermal endurance characteristics

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

IEC 60216
relative the

IEC 60216
thermal en

IEC 60227

Part 1: General requirements

IEC 60245
General re

IEC 60309
IEC 60320

IEC 60364
general ch

IEC 60364
equipment

IEC 60417
IEC 60529

IEC 60664
requiremern

IEC 60664

5, Electrical insulating materials — Thermal endurance properties — Part 5: Dete
'rmal endurance index (RTE) of an insulating material

6, Electrical insulating materials — Thermal endurance properties — Part 6: Dete
Hurance indices (Tl and RTE) of an insulating material using the fixed\time frame 1

1:2007, Polyvinyl chloride insulated cables of rated voltages up(to and including -
1:2003, Rubber insulated cables — Rated voltages up te' and including 450/750
uirements

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

(all parts), Appliances couplers for household and similar general purposes

1:2005, Low-voltage electrical installations — Part 1: Fundamental principles, asq
hracteristics, definitions

-5-54, Electrical installationsi-of buildings — Part 5-54: Selection and erection (
— Earthing arrangements,\protective conductors and protective bonding conductor:

Graphical symbols fer use on equipment
Degrees of protection provided by enclosures (IP Code)

1:2007, Insulation coordination for equipment within low-voltage systems — Part 1
ts and.tests

(alDparts), Insulation coordination for equipment within low-voltage systems

mination of
mination of
nethod

150/750 V -

V' — Part 1:

essment of

bf electrical

L

b

Principles,

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

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

IEC 60695-2-11, Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods — Glow-wire
flammability test method for end-products
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IEC 60695-2-20, Fire hazard testing — Part 2-20: Glowing/hot wire based test methods — Hotwire coil

ignitability —

Apparatus, test method and guidance

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

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

methods

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

IEC 60730
requiremern

IEC 60755
IEC 60950
IEC 60990
IEC 61032

IEC 61180
procedure

IEC 62020
ISO 178, A
ISO 179 (d
ISO 180, F
ISO 261, /!
ISO 262, I
ISO 527 (d

ISO 3746,
Survey me

Arrd 'y Il g Il sl £ ) ) Lol ] ] = Y
AUlorTiatic. - cicolricar Curitrvlis  10r T1riouscrivid darid  oSirriiar  usc — T dall

General requirements for residual current operated protective devices

1:2005, Information technology equipment — Safety — Part 1: Generalyrequiremen
1999, Methods of measurement of touch current and protective\conductor current
Protection of persons and equipment by enclosures — Pfobes for verification

-1, High-voltage test techniques for low voltage equipment — Part 1: Definition
requirements

Electrical accessories — Residual current monitors for household and similar useq
lastics — Determination of flexural properties

| parts), Plastics — Determination -of ‘Charpy impact properties
lastics — Determination of 1Zed-impact strength
bO general purpose metric screw threads — General plan
bO general purpase metric screw threads — Selected sizes for screws, bolts and n
| parts), Plastics — Determination of tensile properties

Acoustics — Determination of sound power levels of noise sources using sound
thod using an enveloping measurement surface over a reflecting plane

1: General

s, test and

(RCMs)

Lits

pressure —

ISO 4892-1

, Plastics — Methods of exposure to laboratory light sources — Part 1: General guidance

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

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

lamps
ISO 7000,

ISO 8256,

Graphical symbols for use on equipment — Index and synopsis

Plastics — Determination of tensile-impact strength
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ISO 9614-1, Acoustics — Determination of sound power levels of noise sources using sound intensity —
Part 1: Measurement at discrete points

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

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

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

ANS' UL 71’68, PUI’yIIIC'II.b fvfafclfa/a - l'_Ully TUIIII PlU[JC‘I‘l‘y EVaI’ua‘lLI.UIID
ANSI UL 746C, Polymeric Materials — Use in Electrical Equipment Evaluations
ASTM E16R, Standard Test Method for Surface Flammability of Materials Usinga Radiant H
Source
2DV DC Addition of the following:
UL|50
Englosures for Electrical Equipment
UL|67
Papelboards
UL| 498
Attachment Plugs and Receptacles
UL| 1741
Inyerters, Converters, Controllers and Interconnection System Equipment for

Di;

UL
So

UL

tributed Energy Resources

3703
lar Trackers

6703A

eat Energy

Use With

Oudtline of Investigation for Multi-Pole Connectors for Use in Photovoltaic Systegms

UL
C

Elgctrical and/or the applicable Part 2 standard from the UL 60730 series

UL

607301
trols for Household and Similar Use, Part 1: General Requirements,

Automatic

60950-1

Information Technology Equipment - Safety - Part 1: General Requirements

ANSI/NFPA 70

Na

tional Electrical Code

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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NOTE Unless otherwise specified, values of “voltage” and “current” are the r.m.s. values of an alternating, direct or composite
voltage or current.
3.1 accessible able to be touched with the standard access probes when used as specified in 7.3.4

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

NOTE Basic insulation may serve also for functional purposes.

3.3 battery type the battery chemistry (e.g. lead-acid) and type (e.g. flooded, gel, etc.) or types of
batteries in

! (e ) Do
CIIUcyu 101 Ustc Wil tic 1ok

3.4 batter
constructeq

y — sealed a battery with no provision for the addition of water or electrolyt€, ‘and
so as to prevent the emission of liquid or gasses under normal operation

3.5 batter
electrolyte

y — non-sealed a battery with removable caps or other provision fof addition of water and/or

3.6 batter
under abnd

y — valve regulated a sealed battery with provision for the release of excessive p
rmal conditions

fessure

3.7 bipolgr photovoltaic (PV) array a photovoltaic array thateonsists of two interconnected arrays

where one
other array

3.8 clears

3.9 close

restricted tp skilled or instructed persons by the'opening of a door or the removal of a barrier

of a key or

3.9DV DE Modification in-accordance with the following:

output connection of one array is connected to the’opposite polarity output conneq
to create a common electrical node, similar to a centre-tapped transformer

nce shortest distance in air between twoconductive parts
H electrical operating area room ordocation for electrical equipment to which acc

tool and which is clearly marked by appropriate warning signs

tion of the

BSs is
by the use

Add “(Restricted Accéss Location)” after the term, “closed electrical operating area”.
3.10 comparative tracking index (CTI) the voltage, as determined under the conditions spgcified in
IEC 60112] that causes.a permanent electrically conductive carbon path with the application of 50 drops

of electroly

3.11 cree
conductive

e that is.applied at the rate of one drop every 30 s to the specimen

age distance shortest distance along the surface of the insulating material betwe

en two

r[,)arts

[IEV 151-03-37]

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

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

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

equipment

is supported by the mains receptacle
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3.15 double insulation insulation comprising both basic insulation and supplementary insulation

[IEV 195-06-08]

3.16 DVC

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

3.16DV DR Modification by adding the following note:

NOTE The limits for classification DVC A shown in Table 6 have been aligned with the relevant voltage
limits in NFPA 70, Article 725, for Class 2 Circuits which are 42,4 Vpk or 60 Vdc in dry locations and 21,2

Vpk or 30 Vdc in wet areas.

3.17 DVC
3.18 DVC

3.19 encl
against ext

3.20 envifonmental category the set of ambient conditions to which the’PCE is exposed in
installation| as defined in Clause 6

3.21 equipotential bonding provision of electric connections/bétween conductive parts, inte
achieve egpipotentiality

[IEV 195-01-10]

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

3.23 EUT|equipment under test

3.24 Extra Low Voltage (ELV).voltage not exceeding the relevant voltage limit of band | sp
IEC 60449

[IEV 826-12-30]

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

NOTE 2 In th

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

bsure a part of the equipment which surrounds internal parts, intended-to provide
brnal influences, against the spread of fire, or against access to hazards

5 international standard, protection against electric shock is dependent on the decisive voltage classifig

protection

ts

nded to

vide

ecified in

ation.

3.2

4DV DR Modification by replacing note 1 and note 2 with the following:

NOTE In this international standard, protection against electric shock is dependent on
voltage classification and we have aligned classification DVC A shown in Table 6 with
voltage limits in NFPA 70, Article 725, for Class 2 Circuits which are 42,4 Vpk or 60 Vdc in
and 21,2 Vpk or 30 Vdc in wet areas.

the decisive
the relevant
dry locations

3.25 fire enclosure a part of the equipment which surrounds internal parts, intended to minimize the
spread of fire or flaming materials from within
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3.26 fixed equipment equipment fastened to a support, or otherwise secured in a specific location

[IEV 826-07-07]

3.27 flammability classification of materials the recognition of the burning behaviour of materials
and their ability to extinguish if ignited. Materials are classified as in the definitions in this standard,

when teste

d in accordance with IEC 60695-11-10, IEC 60695-11-20, ISO 9772 or ISO 9773

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

HF-2, and HF

NOTE 2 Simil
class 5VB, 5\

NOTE 3 Simil
VTM-2.

NOTE 4 Matg
classes V-0,
necessarily eq

3.28 func
any functio

3.29 func
equipment

NOTE Functid
and fire.

3.30 hang
use

3.31
risk of elec

3.32 hazdrdous energy'level an available power level of 240 VA or more having a duratior

more, or a
potential of

3.33 hazdrdous. live capable of rendering an electric shock or electric burn. A circuit or a p
either a shpck or energy hazard as described in Clause 7

hazard potential source of harm from any of the mechanisms covered by this standard

-2 better than HBF.

’ fats— . - . . ‘ ‘ A
B better than V-0, V-0 better than V-1, V-1 better than V-2, V-2 better than HB40 and HB40 better tha

prly, other materials of class VTM-0 are regarded as better than those of class VTM-1 and,VTM-1 bett

Fials of flammability classes VTM-0, VTM-1 and VTM-2 are considered to be equivalent to materials of
-1 and V-2, respectively, but only for their flammability properties. Their electricalland mechanical proq
uivalent.

tional earth terminal terminal by which electrical connection is made to a part or
nal purpose other than safety
tional insulation (FI) insulation that is necessary. only for the correct operation of

nal insulation by definition does not protect against ‘€lectric shock. It may, however, reduce the likeliho

-held equipment portable equipment intended to be supported by one hand durir

ric shock, risk of firéy.etc.

stored energyNevel of 20 J or more (for example, from one or more capacitors), a
2 V or more (see 7.4.1)

pan those of
h HB75.

br than

flammability
erties are not

circuit for

the

bd of ignition

g normal

. such as

of 60 s or
a

Trt that is

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

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

3.36

indoor, unconditioned equipment environmental classification in which the PCE is fully covered

by a building or enclosure to protect it from direct rain, sun, wind-blown dust, fungus, and radiation to
the cold night sky, etc,, but the building or enclosure is not conditioned in terms of temperature,

humidity or

air filtration, and the equipment may experience condensation
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3.37

indoor, conditioned equipment environmental classification in which the PCE is fully covered by

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

3.38

inhomogeneous distribution (of an electric field) inhomogeneous distribution of an electric

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

3.39

Isc PV absolute maximum total PV array short circuit current (d.c.) that the PCE is rated to have

connected to its PV input, under worst-case conditions of ambient temperature, irradiance, etc.

NOTE This rg|
expected use
based on sho
above the sta|

ting of the PCE refers to the absolute maximum current the PV input to the PCE is designed for under
This differs from the simple sum of the marked Isc ratings of the connected PV modules, since.those
[t-circuit conditions under standard test conditions, and may be exceeded in cold temperatures 'or with
hdard level.

3.39DV DR Modification by replacing the term and definition with the following

Isc
PC

3.40 limit
3.41 live
neutral con
3.42 low
the line-to-

3.4

De
3.43 main

MAX: absolute maximum prospective short circuit current(a.c. or d.c) that a
E is rated to have connected to it.

NOTE This could be the short circuit from a PV array; battery, energy storage device,
electric utility grid. For a PV source it would accountfor worst-case conditions of ambient
irradiance, etc. For NEC compliant installation, this’Maximum Input Short Circuit Current r
to 1,25 x Isc of the PV array.

pd power source a source complying with the requirements in 9.2 of this standar

barts conductor or conductive partintended to be energized in normal use, includi
ductor

yoltage a set of voltage levels used for the distribution of electricity and whose up|
line or line-to-neutral voltage is 1 000 V a.c. or 1 500 V d.c.

2DV DE Deletion
ete 3.42.

s low=valtage a.c. electricity supply system to which the PCE is designed to be cg

conditions of
markings are
rradiance

a8

port of the

generator or
temperature,
hting equates

ng a

per limit of

nnected

3.43DV DR Modification by replacing with the following:

mains (AC Mains / AC supply connection): a.c. electricity supply system to which the PCE
is designed to be connected

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

3.4

4.1DV DR Modification by adding the following new term and definition:

maximum voltage: The maximum voltage to which the PCE can be connected without
damage. This may be indicated as a maximum voltage or voltage range.
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NOTE The PCE is not required to operate normally at the maximum voltage or over the entire voltage

range.

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

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

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

3.47 nor
intended p

NOTE In mos|
equipment wh

3.48 oper

3.49 opet
following a

— access ¢
— the mear

— the operd

3.50 outdoor equipment environmental classification in which the PCE is fully or partly expg

direct rain,
range of ou

3.51 overn
overvoltagd

[IEC 60664
NOTE 1 See
NOTE 2 A tra|

oscillatory, us
defined as a

rpose

cases, normal use also implies normal condition, because the instructions for use will warn against ug
len it is not in normal condition.

ator person operating equipment for its intended purpose

ator access area a part of the PCE to which, under normal‘operating conditions,
bplies:

hn be gained without the use of a tool, or

s of access is deliberately provided to the operator, or

tor is instructed to enter regardless of whether a tool is needed to gain access.
sun, wind, dust, fungus, ice, condensation, radiation to the cold night sky, etc., an
tdoor temperature and humidity;.wet location requirements apply

voltage category (OVC)-riumeral designation defining a classification of transient
conditions

1]
.3.7.1.2 for asdescription of the four overvoltage categories.

hsient overvoltage is defined as a ‘short duration overvoltage of a few milliseconds or less, oscillatory
Lally\highly damped’ [IEV 604-03-13]. It should not be confused with a temporary overvoltage (swell),

1e obvious

ing the

bne of the

sed to
i to the full

r non-
hich is

bower frequency overvoltage of relatively long duration’ [IEV 616-01-16].

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

NOTE For a.c. tests the r.m.s. value may be used.

3.53 permanently connected electrically connected by means which can be detached only by the use

of a tool
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3.53DV DR Modification by the adding the following to the end of the definition:

“and electrically connected by means of a NEC-compliant permanently installed/fixed
wiring system.”

3.54 PELV system electric system in which the voltage cannot exceed the value of extra low voltage:
— under normal conditions and

— under single fault conditions, except earth faults in other electric circuits

NOTE PELV {stheapbreviatiomfor protectiveextra-tow vottage:

[IEV 826-1p-32]

3.55 photovoltaic (PV) relating to the conversion of light directly into electrical gnergy
3.56 photovoltaic (PV) array an assembly of components such as photovoltaic panels, cables,

connectors| combiners, etc., that produces and supplies d.c. electricity by the conversion of splar
energy

3.57 pluggable equipment type A equipment which is intended for connection to the buildihg

installation |wiring via a nonindustrial plug and socket-outlet or @fton-industrial appliance coupler, or

both
3.57DV DE Modification by the adding the following note to the definition:

NOTE NEMA configurations; 1-15, 2-15,2-20, 5-15 and 5-20 plugs and outlets as specified|in IEC 60083
are considered to be non-industrial within the meaning of this standard.

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

NOTE PV cirquits that use connectors_are considered pluggable type B or fixed equipment.

3.58DV DR Modification by the replacing the definition and note with the following:

equipment which is intended for connection to the building installation wiring via an indusrial plug and
socket-outlet or an appliance coupler, or both, complying with IEC 60309 or with a compafable national
standard. PV circuits that use connectors that require a tool to disconnect are considerpd pluggable
type B.

3.59 pollution addition of foreign matter, solid, liquid or gaseous (ionized gases), that may produce a
reduction of dielectric strength or surface resistivity

3.60 pollution degree classification scheme describing the extent of expected pollution in a micro-
environment in or around the equipment

3.61 pollution degree 1 no pollution or only dry, non-conductive pollution occurs. The pollution has no
influence
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3.62 pollution degree 2 normally only non-conductive pollution occurs. Occasionally, however, a
temporary conductivity caused by condensation must be expected

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

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

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

3.66 pow ical power
from a voltage or current source into another kind of electrical power with respect to voltage)|current
and frequepcy

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

1%

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

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

3.69 protective class | protection against electric shock byimeé&ans of basic insulation and protective
earthing of|accessible conductive parts, so that accessible:¢onductive parts cannot become live in the
event of a failure of the basic insulation

3.70 protective class Il protection against electric 'shock that does not rely on basic insulatijon only,
but in which additional safety precautions such @s*double insulation or reinforced insulation afe
provided, there being no provision for protective earthing or reliance upon installation conditigns

3.71 protective class lll equipment in\which protection against electric shock relies upon sypply from
decisive voltage classification A circuits“and in which hazardous voltages are not generated

NOTE For class 11l equipment, although'there is no requirement for protection against electric shock, all other requirgments of the
standard apply.

3.72 protIctive earthing connection of a point in the equipment, system, or installation to garth, for
protection gagainst electric shock in case of a fault

3.72DV ‘DR Modification by the replacing the glossary term with the following:

protective earthing (equipment-grounding)

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

3.73DV DR Modification by the replacing the glossary term with the following:
protective earthing (equipment-grounding) conductor

3.74 protective conductor terminal terminal which is bonded to conductive parts of an equipment for
safety purposes and is provided for the connection of a protective earthing conductor
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3.7

4DV DR Modification by the replacing the glossary term with the following:

protective earthing (equipment-grounding) terminal

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

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

NOTE Protec
plus supplemd
or protective i

ive separation is a separation between circuits by means of basic and supplementary protection (basid
ntary insulation or protective screening) or by an equivalent protective provision (for example,-reinforc
mpedance).

3.77 rated value assigned, generally by a manufacturer, to a specified operating-condition o

component

[IEV 151-0

device or equipment

1-03]

3.78 rating set of rated values and operating conditions

[IEV 151-0

1-04]

3.79 refellence test conditions the electrical, operating,-and environmental conditions unde

testing is tq

3.80 rein
protection

NOTE A singl
layers which g

3.81 resiq
a mains cir

3.82 resp
for ensurin

3.83 risk

3.84 rout

5

be performed, as specified in 4.2.2

rced insulation single insulation system applied to live parts, which provides a g
ainst electric shock equivalent te.double insulation under the conditions specifieq

[ insulation system does not imply that the insulation must be one homogeneous piece. It may compri
annot be tested singly as basic er.supplementary insulation.

ual-current vector Sum of the currents flowing in the normally current carrying co
Cuit, expressed as'an r.m.s. value

pnsible body individual or group responsible for the use and maintenance of equ
) that opérators are adequately trained

A combination of the probability of the occurrence of harm and the severity of that

insulation
bd insulation

f a

r which
egree of
|
e several
hductors of

pment and

harm

manufacture to ascertain whether it conforms to certain criteria

[IEV 151-04-16, modified]

ne test test to which each individual device (equipment) is subjected during or after

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

3.86 sam

ple test tests on a number of devices taken at random from a production batch
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3.87 secondary circuit a circuit which has no direct connection to a mains circuit and derives its
power from a transformer, converter or equivalent isolation device, or from a battery or other power
source not connected to the mains (e.g. the PV circuit in isolated PCE)

3.88 SELV system electric system in which the voltage cannot exceed the value of extra low voltage:
— under normal conditions and

— under single fault conditions, including earth faults in other electric circuits

NOTE SELYV is the abbreviation for safety extra low voltage.

[IEV 826-12-31]
3.89 servjce personnel a person having appropriate technical training and experience’ necgssary to
be aware df hazards to which that person may be exposed in performing a task and of measpres to

minimize the risks to that person or other persons

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

[IEV 826-19-28]

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

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

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

3.92DV.1 DR Addition of the-following new term and definition:

stabilized temperature:, an’ operating condition where component temperaturges are not
changing. This condition is verified, by three successive temperature readings, taken at
intervals of 10 percent of the previously elapsed duration of the test, and not less than 15
minutes apart, indicate no further increase in temperature. This term also covers variations
of [thermal stability or maximum temperature and is to be applied unless |otherwise
specified byaequirements or parameters within a specific test method.

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

[IEV 151-01-03, modified]
NOTE Terminals can contain one or several contacts and the term therefore includes sockets, connectors, etc.

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

3.95 transportable equipment equipment with a mass of less than 18 kg that is not fixed equipment
and is intended to be routinely carried by a user
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3.96 type test test of one or more samples (prototypes) of equipment (or parts of equipment) made to
a particular design, to show that the design and construction meet one or more requirements of this

standard

[IEV 151-04-15, modified]

NOTE This is

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

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

Vo
rat
ma

3.98 wet
cause redu
equipment,

age operating range: The input and/or output range of voltage over which
bd to operate including all modes of operation. If this parameter_is adjustable, the
ximum range of adjustment shall be included.

ocation location where water or another conductive liquid may be) present and is

or wetting of the contact between the human body and the environment

3.99 workKing voltage voltage which occurs by design in a circuit f across insulation, wher

is operated
under wors

4 General

under the worst case combination of highest and lowest rated voltages for each
t-case normal operating conditions. See 7.3.2.6

testing requirements

4.1 Gener

Testing is

quired by this standard to demonsirate that the EUT is fully in accordance with the

requiremernts of this standard. This clause.©f this standard provides:

— deneral conditions and reguitements under which testing shall be carried out;

an

Other test
clause else

Tests on s
specified in

me of the actual tests required to be performed, where those tests are general in
are not specifically*related to one particular type of hazard (for example thermal

requirements\that are specific to a particular type of hazard are located in the
where in‘this standard.

the PCE is

ikely to

ced human body impedance due to wetting of the contact betwgen the human bogy and the

the PCE
ort, and

applicable

nature
ests).

appropriate

Ibassemblies of the equipment meeting the requirements of the relevant referenc

standards

this standard, and used in accordance with them and in conditions not more severg than those

applied during testing to determine compliance with the reference standards, need not be repeated during
type tests of the whole equipment.

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

Where a measured value is close to a compliance limit, analysis of the measurement uncertainty shall be
done to determine compliance.
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Compliance with the requirements of this standard is checked by carrying out all applicable tests in this
standard, except that a test may be omitted if examination of the equipment demonstrates conclusively
that the equipment would pass the test.

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

4.2 General conditions for testing

4.2.1 Seque

nce of tests

The seque
inspected f
same samj
4.2.2 Refe

4221 En

Unless othé¢rwise specified in this standard, for example with regard to_environmental category

in 6.1, the
a)
b)
c)
d)
4.2.2.2 Stg
The produd
production
units.

Unless otherwise specified, each test shall be carried out on the equipment assembled for norr

under the |
carry out p
that the as

or damage creating a possible hazard in the meaning of this standard, after,eac

Fence test conditions

temperature of 15 °C to 40 °C;
a relative humidity of not more than 75 % and hot less than 5 %;

an air pressure of 75 kPa to 106 kPa;

ol P e 1 1 Fy) H 4 (Y & 1 (B ) et B e ) Il
ILT UT'1IColo 1o UPLIUTIAl UTTTIicos ULNTTWIST SPCTUITITU 1T 1o staliuaru. 1TTIS LU'T olidll

le need not be used for all tests unless otherwise specified in this standard,

ironmental conditions

ollowing ambient environmental conditions shall exist in the test location:

no frost, dew, percolating water, rain; solar radiation, etc.
te of equipment

t being subjected to type‘tests shall be physically and electrically representative @
products such that the ‘evaluations per this standard adequately represent future

past favorablercombination of the conditions given in 4.2.2.1 to 4.2.2.10. If it is im
Articular_tests on a complete EUT, tests on subassemblies are allowed, provided
sembled.-equipment will meet the requirements of this standard.

be carefully
h test. The

as defined

f the future
production

hal use and
practical to
t is verified
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4.2.2.3 Position of equipment

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

4.2.2.4 Accessories

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

4225 Co

Covers or |
is least fav

1 lal n
Clo alrfu 1Timnuvdavlc pdris

arts, which can be removed without using a tool, shall be removed or not removed
brable.

4.2.2.6 Mdins supply

Tests for W
carried out
by mains s
conditions,
specified b

a)
ran
EU

op
en

b)
Hz

c)

!

hich the outcome will not be significantly affected by the mains 'supply conditio
at any rated supply conditions. For tests for which the outcome may be significan
upply conditions, the test shall be performed at the worst=case mains supply ¢

whichever

s, may be
tly affected
ondition or

taking into consideration multiple rated conditions and-tolerances on rated conditions, as

Blow

\Voltage: Tolerance shall be taken as 90 % to 110 % of the rated voltage(s), unles
ge is given in the specifications for the EUT in‘which case the wider range is useq
T will not operate across the full 90 % to. 10 % range, the tolerance is taken as s

s of the ranges, is only necessary.if-esting at the ends of the ranges is not worst

Frequency: Multiple rated frequéncies are to be taken into account (e.g. 50 Hz ve
, but tolerances around theseé-frequencies do not normally need to be considered,

Polarity: For pluggable equipment type A, consideration is to be given to connectid

notmal and reverse polartity conditions, if the outcome of a particular test could be aff

d)
cof

Earthing: The test supply shall be earthed or not according to the intended supply
figuration fer\the equipment under test. For equipment that may be supplied from

eafthed or un~earthed supply system, the supply system used shall be that which pro

WO

'st-case.test condition, or tests shall be done in both configurations.

e)

Over-current Protection: Inputs shall be provided with the over-current protection {

S a wider
. If the
pecified

rating range. Testing under nominal supply conditions, or at supply conditions between the

rcase.

sus 60

n in both
ected.

either an
vides a

hat will be

present in the installation, and this protection shall not operate during any tests in normal
conditions, but is allowed to operate to protect the system during tests in single fault conditions.
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4.2.2.7 Supply ports other than the mains

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

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

system during tests in single fault conditions.

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

42271 H

Where the
PV source
the equipm

Tests perfg
times the H
PCE overc

NOTE When
maximum vol
minimum. It is

4.2
4.2

hotovoltaic supply sources

Fesults of a test could be affected by the voltage versus current characteristiclof the
used shall simulate the voltage versus current characteristic of the largest'PV arrg
ent is rated, with regard to open circuit voltage (VMAX PV) and shottscircuit curre

rmed under abnormal or fault conditions shall be tested with a'Source capable of
CE rated maximum input current (Isc PV) for that input. If provided, any included
irrent protective devices shall not be altered or changed.

selecting test conditions for the PV supply, consideration has 6 he given to the characteristic of PV

age is available, the available current is at a minimum, and When maximum current is available, the
not expected that any test should be run with both the PV, source current and voltage at their maximu

.2.7.1, with the following:

supply, the
y for which
nt (Isc PV).

1,25t0 1,5
br specified

arrays: when
oltage is at a
m values.

12.7.1DV DR Modification by the replaciiig Photovoltaic supply sources, Clause

4.2
so
(Is
no

.2.7.1DV.1 Where the results of-a‘test could be affected by the voltage ver
racteristic of the supply, the. PV source used shall simulate the voltage ve

it the operation of the’ PCE during normal operation testing. The suppl
usted to operate within the PCE rated Input Voltage Operating Range.

irce capable of the PCE rated Maximum Input Source Short Circuit Current fo

be altered or changed.

|

us current

rgus current

rd to open
e shall not
y shall be

.2.7.1DV.2 Tests performed under abnormal or fault conditions shall be tegted with a

that input

. MAX). Ifprovided, any included or specified PCE overcurrent protective deyices shall

NOTE When selecting test conditions for the PV supply, consideration has to be

given to the

characteristic of PV arrays: when maximum voltage is available, the available current is a
and when maximum current is available, the voltage is at a minimum. It is not expected
should be run with both the PV source current and voltage at their maximum values.

t a minimum,
that any test
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4.2.2.7.1DV.3 PCE connected to or specified for use with a specific source (with
established electrical operating limits) may be tested with that specific source or a source
that simulates the operating condition of that source.

4.2.2.7.2 Battery inputs

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

4.2

.2.7.2DV DR Modification by replacing with the following:

Battery inputs may be supplied from either a d.c. power supply or from a. battery bank,
ex¢ept that for fault testing, where the magnitude of the available fault curtent cpuld affect

th

results of the test, a battery bank of the size, type and ratings defined in t

installation instructions shall be used.

4.2.2.8 Co

Tests shall
port, consi
condition,

hditions of loading for output ports

be performed under the least favorable loading conditions, within the rated range
Hering voltage, frequency, polarity, earthing, load curreit and type, and any of
vhere these considerations could affect the outcome of the test. An a.c. output p

loaded with linear load(s) to obtain the maximum rated output power or current, whiche

favourable.
with resisti

A d.c. output port (for example a battery charging output or a d.c. load port) shal
e load(s) to obtain the maximum rated output pewer or current, whichever is least

For ports iptended for connection to a battery, a batteryshall be used in place of or in para

load, if the

Unless oth
as follows:

— for contin
the only sd
solar day);

test results could be affected.

brwise specified in this standard, loading conditions are to be maintained for a ler

uous operation ratings, until'steady conditions are established, except that for a te
urce of power is the P\-input, testing is limited to 7 h at full power (to approximg

— for intermittent operation ratings, cycling until steady conditions are established, using the

and "OFF”

— for short-

periods;

term opefation ratings, for the rated operating time.

e product

s) for each
her normal
brt shall be
er is least
be loaded
favourable.
lel with the

gth of time

5t for which
te a single

rated “ON”
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4.2.2.9 Earthing terminals

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

4.2.2.10 Controls

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

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

sta

ndard;

b)
ins

42211 A
Where the
used durin
considered
maximum 4
NOTE For sol

4.2

Ad

combinations of settings shall not be made if they are prohibited by the manufaefu
ructions provided with the equipment.

ailable short circuit current

results of a test could be affected, the short circuit current sourcing capability of
g testing shall be taken into consideration. Where high available short circuit
to be the worst-case test condition, the capability of the squrce shall not be le
hort-circuit current the PCE is rated for.

ne tests, less than maximum short circuit current may be worst-¢ase; if, for example, it results in longe

.2.11DV DR Modification in accordance with.the following:

d “(Isc Max) after “short-circuit current~in the last sentence.

4.3 Thermal testing

4.3.1 Gengral

This subcla

use specifies requirements.intended to prevent hazards due to:

— touchablg¢ parts exceeding safe temperatures; and

— compongnts, parts, insulation and plastic materials exceeding temperatures which m3

safety-relat
equipment;

— structure

ed electrical,.mechanical, or other properties during normal use over the expecte
and

5 and 'mounting surfaces exceeding temperatures which may degrade the materia

expected li

rer's

the source
current is
5s than the

test duration.

ly degrade
J life of the

Is over the

e\of the equipment.
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4.3.2 Maximum temperatures

4.3.2.1 General

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

Compliance is verified by measuring temperatures under the conditions given in 4.2 for each rated

operating ¢

ondition or mode of the PCE that could affect the resulting temperatures.

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

Tests of equipment rated for use in ambient temperatures up to 50 °C may be conducted,at’g

temperatur

ambient temperature and the actual test ambient is to be subtracted from or added to_(as”appr

measured

PCE rated
temperatur
ambient is
to the limits

PCE with ¢
tested und
the maxim

During thefmal testing within normal conditions protective devices other than automatic outy

systems sh

Temperatu
coils the ch

Temperatu

T

where

Ti

R

in the range given in 4.2.2.1, in which case the difference between the max

emperatures for comparison to the limits specified below.

a)

b + 5 °C. The difference between the maximum rated ambient temperature a
0 be subtracted from or added to (as appropriate) the measuted temperatures for
specified below.

ifferent output ratings or with automatic derating ferdifferent ambient temperatur
r as many conditions as are necessary to recordworst-case temperatures, includ
m ambient before derating, and the maximum ambient with derating.

all not operate.

es are to be measured by thermecouples, except that for transformers, inductors
ange of resistance method may.be used.

es determined by the risé-ef-resistance method shall use the formula

R2/R1 (k+ 1) =k + 2)

5 the temperature rise in °C

is thevresistance of the coil at the beginning of the test

ny ambient
mum rated
ppriate) the

or use in ambient temperatures more than 50 °C shall be tested atthe maximum rajed ambient

hd the test
comparison

es shall be
ing at least

ut derating

, and other

t1i

R2

12i

k =

k =

s the room temperature in °C at the beginning of the test
is the resistance of the coil at the end of the test

s the room temperature in °C at the end of the test
234,5 for copper

225,0 for aluminum

For other materials the correct value for the constant “k” shall be used.
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Limits:
— for coils and their insulation systems, the temperature limits in Table 1 apply
— for other components the measured temperatures shall not exceed the lower of:
— the limits in the applicable IEC component standards
— the component or material manufacturer’s rated operating temperature

— if neither of the above exists, temperature limits are given in Table 2.

4.14[2.1 DV DC Modification of the last paragraph, second dash, in accordance lvith the
following:

Replace “applicable IEC component standards” with “applicable component standards”.

Table¢ 1 — Total temperature limits for transformers, inductors, and)other coils and their
insulation systems

Limits for surface mounted Limits for resistance mgthod and
Class of ihsulation (see IEC 60085) thermocouple measurements multiple embedded ther1nocouple
measurements
°C °C
Class A (105 °C) 90 95
Class E (120 °C) 105 110
Class B (130 °C) 110 120
Class F (155 °C) 130 140
Class H (180 °C) 150 160
Class N (200 °C) 165 175
Class R (220 °C) 180 190
Class S (240 °C) 195 205
NOTE Surfa¢e mounted thermocouples are.assumed to not be located on the hot-spot, but will be typically attached to the core,
coil, and insylation that is accessible on a ‘completed part. Multiple embedded thermocouples, where the thermocoyples are
attached dur|ng winding of the part, are more likely to record hot-spot temperatures. The resistance method gives gn average
temperature for the specific winding‘whose resistance rise was measured.
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Table 2 — Total temperature limits for materials and components where manufacturer’s ratings

and component standards do not exist (see 4.3.2.1)

Materials and components Limit
°C
Capacitors — electrolytic types 65
Capacitors — other than electrolytic types 90
Wiring terminals for external connections’ 60
Any point on or within a wiring compartment which external 60

conductors are able to contact!

Insulated conductors internal to the PCE

rated temperature

Fuses I 90
Printed circult boards 105
Insulating materials 90
1 The tempefature observed on the terminals and at points within a terminal box or wiring component of.a ufit is aljle to exceed
the values specified if the marking of 5.1.9 requires wiring of a suitably high temperature rating. In this case, measyred
temperatureg on the terminals and wiring compartment are limited to the temperature rating of the(wifing required bj
marking.
4.3.2.2 Touch temperatures
In order tq limit the touch temperatures of accessible parts of PCE, the maximum temperature for
accessible parts of the PCE shall be in compliance with Table 3t

It is permiIed that accessible parts that are required to getthot as part of their intended function (for

example h
marking of

These limit

5 are in addition to the applicable limits in 4.3.2.1.

Table 3 — Total touch temperature limits for accessible surfaces

atsinks) may have temperatures up to 100 £Cy'if the parts are marked with the hot surface
symbol 14 of Annex C. For products only fer,use in a closed electrical operating afea the 100
°C limit dogs not apply.

Limit
°C
Part Metal Glass, porcelain, and Plastic afd rubber?
other vitreous
material®
User operatdd devices (knobs, handles, 55 65 15
switches, displays, etco)~which are continuously
held in normpl use
User operatdd devices (knobs, handles, 60 70 85
switches, displays, etc.) which are held for short
periods only Th normal use
Enclosure parts accessible to user by casual 70 80 95
contact.

2 Nonmetallic materials shall not be used above their temperature ratings.

Compliance is checked by the testing in 4.3.2.1.
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4.3.2.3 Temperature limits for mounting surfaces

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

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

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

4.4 Testing in single fault condition

4.4.1 Gen(lral

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

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

Compliancg¢ is checked by applying the criteria of 4.4.3 after eachof\the tests specified in 4.4.%4 under the
conditions gpecified in 4.4.2.

4.4.2 Test|conditions and duration for testing under fault cenditions

4421 Geperal

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

NOTE When gonfiguring sources for fault testing, ¢censideration shall be given to the fact that for some fault tests, a |source limited

to less than t
source was u
example on a|

Fault condi

e maximum rated current or power of that input of the PCE may be more severe than if a maximun
5ed. Test duration may be Jonger, and heating in the fault path may be more severe under limited g
PV input, it may be mare\severe to test with a simulated array limited to less than Isc PV.

fions are to belapplied only one at a time and shall be applied in turn in any conve

Multiple simultaneous faults shall not be applied, but a subsequent fault may arise as a conseq

an applied

fault. Separate samples of the EUT may be used for each separate fault test apg

rated current
onditions. For

hient order.
uence from
lied, or the

same sample may\be used for many tests if damage from previous fault tests has been repaired or will

not affect t

ne results of further tests.

44

.2.1DV DR Modification by the replacing the note with the following:

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

it may be more severe to test with a simulated array limited to less than the value defined

in 4.2.2.7.1.
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4422 Du

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

ration of tests

temperatures, etc.

If a non-resettable, manual, or automatically resetting protective device or circuit operates in such a way

as to interrupt or mitigate the fault condition, the test duration is as follows:

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

N F i -
tenmperatores—stabtize;

-n
pog

- N

4.4

Re

4.4.3 Pass

4.4.3.1 Prq

Compliancg¢ with requirements for protection against“electric shock is checked during an

application

a)

haj
7.3
wit
pre

b)
foll

sible after tripping;

on-resettable devices or circuits: one cycle.

place “stabilization of” with “stabilized”.
fail criteria for testing under fault conditions

tection against shock hazard

of single faults as follows:

conditioning) for basic,instlation; and

bwing cases:

c)

oth

d)

protective earthing conductor or terminal, or to protective bonding means; and

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

er location during the testing; and

by inspection of the enclosure to ensure that no damage has resulted that allows access to

parts that are hazardous live.

hanual reset devices or circuits: three cycles, with the device or circuit reset.@s sopn as

.2.2DV DR Modification of the first paragraph in accordance with the followjng:

d after the

by making measurements to checkithat no accessible DVC-A circuits have become shock-
rardous using the steady stateslimits for DVC-A in Table 6 and the short-term limit$ of

.2.3, and that such circuits remain separated from live parts at voltages greater than DVC A
h at least basic insulation:€ompliance is checked by the test of 7.5.2 (without humidity

by performing a diglectric strength test as per 7.5.2 (without humidity precondition|ng) in the

i) on¢einforced or double Insulation, using the test level for basic insulation, pnd

i) on basic insulation in protective class | equipment, using the test level for pasic
insulation, unless it can be determined that the fault did not result in any damage to the
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4.4.3.1DV DR Modification by the replacing part (c) with the following:
c) by verification of i) or ii):
i) by inspection to ensure a fuse connected between the protective
earthing terminal and the protective earthing conductor in the test setup
has not opened; the fuse shall be rated 3 A non-time-delay (for equipment
rated for use on circuits protected by overcurrent protection rated 30 A or
less) or 30 A to 35 A non-time-delay (for equipment rated for use on
circuits protected by overcurrent protection rated more than 30 A); the
enclosure is not to be contacting earth in any other location during the
testing;and-d)
ii) by making measurements to check that no accessible parts hecome
shock-hazardous using the steady state limits for DVC-A in’Table 6 and
the short-term limits of 7.3.2.3; and d).
4.4.3.2 Prqtection against the spread of fire
Compliancg with requirements for protection against the spread of\fire is checked by placing the
equipment| on white tissue-paper covering a softwood surface @nd covering the equipment with
cheesecloth or surgical cotton during the fault testing. As an alterpative, the cheesecloth or surgical cotton
may be placed only over the openings of large equipment.
There shall be no emission of molten metal, burning insulation, or flaming or glowing particles from the
fire enclosdre, and there shall be no charring, glowing, or-flaming of the tissue paper or che¢secloth, or
glowing or flaming of surgical cotton.
4.4.3.3 Prqtection against other hazards

Compliancg with requirements for protection against other hazards after application of the fault tests is

checked as
4.4.3.4 Prq

Failure of g
energy to |

specified elsewhere in this standard.
tection against parts expulsion hazards

ny component within the PCE shall not release parts outside the PCE enclosure wi
bad to a hazard, for example, expulsion of material into an area occupied by persg

th sufficient
nnel.
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4.4.4 Single fault conditions to be applied
4.4.41 Component fault tests

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

mode of failure.

Faults shal
test. Condu

the component leads, or equal to the largest conductor size that is specified in the instructions

to connect
capacity ar]

The PCE ¢

with the fadlt already applied will result in worst-case testing.

NOTE 1 In s0
The followi
a)

b)

aff¢ct supplementary insulation or reinforced-insulation.

c)
haz

NOTE 2 An o

NOTE 3 The
fault tests, su

IUG a[J[J:IGUI UD;I IU [=} bVVitb: I;I Iy UIGVibG CUTN IUbtUU‘ tU t: 1< tUI Ll Iil Ia:b Uf t: IS CUITIPUTICT It U
ctors used shall be as short as possible and of a cross-section approximately equ
d low enough impedance (relative to the conductors) to not significantly dimit the o

hall be operating before application of the fault, unless analysis shows that startin

Ime cases both tests may be required.

ng faults are simulated:

Short circuit or open circuit of relevant components.
Short circuit or open circuit of any compenénts or insulation where failure could ag
In addition, where required by Method 2 of 9.1.1, components that could result in
rard are to be overloaded unles$_they comply with the requirements of 9.1.3.
erload condition is any condition between normal load and maximum current condition up to short cird

omponent fault testing does not need to include components for which equivalent testing is accomplishq
h as output short-cir€uit tests.

port under
al to that of
to be used

to the port. The switching device for a short-circuit test shall be of adequate’ curr¢nt-carrying

urrent flow.

g operation

lversely

A fire

t.

d during other

4.44.1DV DR.Modification by replacing the first paragraph with the following:
Cincuit analysis shall be performed to identify components (including insulation systems)
whiose failure would result in a fire or electric shock hazard. The analysis shall include the

e

s

effect of short-circuit and open-circuit conditions of the component. Based on the analysis,

faults shall be applied to relevant components in a manner that simulates the manner in
which faults would occur in use. Components need only be faulted in a single mode
(short-circuit or open-circuit), to represent the component’s predominant mode of failure.
Components that can fail in either mode shall be tested for both fault conditions.
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4.4.4.2 Equipment or parts for short-term or intermittent operation

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

fault condit

ion.

4.4.4.3 Motors

Motors shall be stopped while fully energized or prevented from starting, whichever is less favorable.

4.4.4.4 Transformer short circuit tests

The output

one test may be repaired or replaced before the next test.

4445 Ou

Each powe
to simulate
as specifie
not loaded

Testing is

fput short circuit

r output port of the PCE, and each section of a tapped output, shall'be tested on
short circuits in the load or wiring. Overcurrent protection devices as provided in
J in the installation instructions, shall be fitted during the test \All other outputs ar
whichever load condition of normal use is less favorable!

equired to be performed on all combinations of terminals for the port under consid

at a time, inpcluding neutral and earth terminals, and one testwith all current-carrying terminals

shorted tog
other comi

In addition
the maxim
installation
conductors

The value(

ether at once. Where analysis shows that the test for one combination is repre
inations, tests may be omitted.

to the requirements of 4.4.3, the short-circuit currents are to be recorded and if t
Um rated current of the circuit, thesmaximum measured current shall be prov
manual for the purpose of coordination of overcurrent protection of the exte
(see 5.3.2).

5) to be recorded and to-beprovided with the PCE instructions are the peak curre

highest of the RMS current values measured or calculated over a time period as follows:

a) for AC s
the value is

b) for all sig
short circui
stated is to

ignals, 3 cycles of\the nominal AC frequency for the port under consideration, in
to be stated as the 3-cycle RMS value;

t current.is interrupted by a protective device or other mechanism, in which cas
include the RMS value and the time period in seconds;

windings of transformers shall be short-circuited one at a time. A transformer damzliged during

b at a time,
the PCE or
b loaded or

bration, two
of the port
sentative of

hey exceed
ded in the
rnal circuit

nt, and the

which case

nals, the‘duration of the short circuit from the time the short circuit is applied, until the time the

b the value

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

NOTE Where the intended use of the short-circuit current information requires a different type of measurement, additional data may

be provided. For example, for AC mains fault current contribution some utilities may prefer a 1/4-cycle RMS or other RMS calculation

to the 3-cycle

RMS above.

4.4.4.5DV D1 Modification by deleting the following text from the third paragraph:

“and if they exceed the maximum rated current of the circuit”
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