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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


https://ulnorm.com/api/?name=UL 62109-1 2019.pdf

JULY 18, 2014

UL 62109-1

29

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”


https://ulnorm.com/api/?name=UL 62109-1 2019.pdf

JULY 18, 2014 UL 62109-1 39

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

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

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

With the PCE operating under normal conditions, a short circuit shall be applied at the field wiring

terminals o) - CE through
the overcufrent protective devices (if any) intended to be present in the installation.

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

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

4.44.6DV D1 Modification by deleting the following text'from the third paragraph:

13

and if they exceed the maximum rated current of’'the port”
4.4.4.7 Oufput overload

Each outpyt of the PCE, and each section of a tapped output, shall be overloaded in turn, ong at a time.
The other windings are loaded or not loaded, whichever load condition of normal use is les$ favorable.
Overloading is carried out by connecting a variable resistor across the winding. The resistor|is adjusted
as quickly ps possible and readjusted, if ne¢essary, after 1 min to maintain the applicable oyerload. No
further readjustments are then permitted:

If overcurrgnt protection is provided'by a current-sensitive device or circuit, the overload test clirrent is the
maximum ¢urrent which the oyércurrent protection device is just capable of passing for 1 h. If this value
cannot be derived from the gpecification, it is to be established by test. Before the test, the devjce is made
inoperative|or replaced by, alink with negligible impedance.

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

In all other cases, the loading is the maximum power output obtainable from the output.
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4448 Co
Equipment
a)

b)

oling system failure
cooling shall be faulted as follows, one fault at a time:
air-intakes shall be blocked or partially blocked;

cooling fans shall be stopped or disconnected, one at a time;

c¢) cooling by circulation of water or other coolant shall be stopped or partially restricted.

4449 He
In equipme

a)
cor

b)
cor
14,

44410 S

Each part ¢f an interlock system for the protection of operatars“shall be short-circuited or op

in turn to ¢
removed W

44411 R

Unless the
reverse po

44412 V
Equipment

have its vd
circuits.

ating devices

timers which limit the heating period shall be overridden to energize the heating ¢
tinuously;

temperature control devices or circuits shall have single fault conditions applied st
trol over the heater is lost. Over-temperature protection devices(meeting the requ
3 are left operational during the test.

pfety interlock systems

etermine if the system continues to prevent aceess to hazards when a cover, §
thout the use of a tool.

bverse d.c. connections

means of connection prevents reversal, external d.c. connections shall be con
arity.

pltage selector mismatch

employing a voltage\selector intended to be adjusted or set to match the supply v

nt incorporating heating devices, the following faults shall be applied one at a ftimg:

rcuit

ch that
rements of

bn-circuited
btc. can be

hected with

bltage, is to

ltage selector setin any position with the equipment connected to any of its rated supply
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4.4.4.13 Mis-wiring with incorrect phase sequence or polarity

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

4.4.4.14 Printed wiring board short-circuit test

an earthed

Where permitted by 7.3.7.7, functional insulation on PWBs, provided by spacings that are less than those

specified in Table 7 and Table 8 (see 7.3.7.7) shall be type tested as described below.

Each location of decreased spacings shall be short-circuited one at a time, and the shortcircuit shall be

maintained - -
used with the PCE, is allowed to open. During and after each test, the PCE shall comp
requiremernts of 4.4.3.

4.5 Humidity preconditioning
4.5.1 Gengral

Where req
subjected t

lired by other clauses of this standard as a pre-condition forsanother test, the E
b the following humidity conditioning.

4.5.2 Conditions
The equipr]
which can

the main p

nent is not operated during preconditioning. Elegtrical components, covers, and
pbe removed by hand, are removed and subjected to the humidity preconditioning tg
rt.

Preconditioning is carried out in a humidity chamber containing air with a humidity of 92,5 %

RH. The temperature of the air in the chamber'is maintained at 40 °C + 2 °C. Before applyir
the equipmient is brought to a temperature @f 42 °C + 2 °C, normally by keeping it at this tem
at least 4 h before the humidity preconditioning. The air in the chamber is stirred and the

juired to be
ly with the

UT shall be

bther parts,
gether with

RH £ 2,5 %
g humidity,
berature for
chamber is

designed of controlled so as to prevent-condensation from forming on the equipment under tést.

The equipment remains in the chamber for 48 h, after which it is removed and allowed a reco

very period

of 2 h und¢r the environmental conditions of 4.2.2.1, with the covers of nonventilated equipmemnt removed,

before application of the test for which the pre-conditioning was required.
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4.6 Backfeed voltage protection

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

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

Internal sources (for example internal batteries) that cannot be disconnected or de-energized without

access to the inside of the PCE requiring use of a tool are not required to be tested.

A semicon

uctor device used to transfer energy between sources that are intended to be-is

blated from

each other] is to be short circuited, and that short circuit is not considered to be a fault(Additjonal single
faults are tp be applied.

4.6.1 Backfeed tests under normal conditions

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

NOTE De-engrgizing is intended to simulate conditions where the source provides noe-voltage or current, but the supply equipment
and other loafls on that circuit remain connected, which may result in a low impedance presented to the PCE as opposed to the
high impedange presented when the source is disconnected. Examples of de<energized sources include a PV array rjot exposed to
light, and a mpins outage.

4.6.2 Backfeed tests under single-fault conditions

The tests ip 4.6.1 are repeated for each singlecfault condition under consideration. Faults to|be applied
are selectdd based on analysis of schematics® of the circuitry with particular attention to devices that
control or tfansfer energy between different.sources.

4.6.3 Compliance with backfeed tests

The PCE i compliant with the fequirements if during the tests in 4.6.1 and 4.6.2 no hazardou$ voltage or
energy is gresent on the PCE,terminals for the source under test. Measurements are taken {15 s or 1 s

after the sg

—1

—1

urce is de-enetgized or disconnected, as follows:

5 s for sourees that are permanently connected;

usg¢ ef a tool.

s for'sources that are cord-connected or use connectors that can be opened with

out the

4.6

.3DV DE Modification by replacing the last two dashes with the following:

— 15 s for sources that are permanently connected or are connected wit
connectors without accessible terminals;

— 1 s for sources that are cord-connected or use connectors with acces
terminals and that can be opened without the use of a tool.

h

sible
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4.7 Electri

4.7.1 Input

cal ratings tests

ratings

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

4.7.1.1 Me

asurement requirements for DC input ports

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

NOTE Due to
an instrument
fuses and con

4.7.2 Outp

While oper
of providin
devices op
measured

by more th

5 Marking

5.1 Markin

5.1.1 Gengral

Equipment

Except for

be visible after removing a cover or'epening a door without the aid of a tool, if the cover or door|

to be remo

on parts which can be removed by an operator without the use of a tool.

For rack- ¢
after remoy

Graphic sy

the a.c. component of the current that inverters draw from their d.c. source, the input current shall be
that reads the true RMS sum of the d.c. and a.c. components in order to allow proper selection)of t
ductors that will be connected to the inverter in the installation, to prevent overheating.

ut ratings

hting under the reference test conditions of 4.2.2, each output portiof the PCE shall
j its marked output power or current ratings, as applicable;wwithout overcurren
prating and without shutdown due to operation of overtémperature protection sy
continuous output current or power, as applicable, shall net exceed the marked ou
BN 10 %.

and documentation

g

shall bear markings as specified.in 5.1 and 5.2.
marking of internal parts,these markings shall be visible from the exterior after ins
ed or opened by anteperator. Markings applying to the equipment as a whole shal
r panel-mounted equipment, markings are permitted to be on a surface that becoj
al of the equipment from the rack or panel.

mmbolssmay be used and shall be in accordance with Annex C or IEC 60417 as

neasured with
e connectors,

be capable

protective
stems. The
tput ratings

tallation, or
is intended
not be put

mes visible

applicable.

Graphic sy

mbols shall be explained in the documentation provided with the PCE.

Compliance is checked by inspection.

5.1

.1DV DE Modification by replacing the fourth paragraph with the following:

Graphic symbols may be used and shall be in accordance with Annex C, ANSI Y32.2 or IEC
60417, as applicable. Graphic symbols shall be explained in the documentation provided

wit

h the PCE.
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5.1.2 Dura

bility of markings

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

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

become cu

5.1.3 ldenfjification

The equipn
a)
b)

c)
the

Compliancg is checked by inspection.

5.1.4 Equi

Unless oth
marked on

— input volt

— output v
outputs, eif]

— the ingre

Compliancg is checked by inspection.

5.1

rled at the edges.

hent shall, as a minimum, be permanently marked with:
the name or trade mark of the manufacturer or supplier;
a model number, name or other means to identify the equipment

A serial number, code or other marking allowing identification,of manufacturing locgtion and
manufacturing batch or date within a three month time péeriod.

bment ratings

brwise specified in another part of IEC 62109, the following ratings, as applicable, shall be
the equipment:

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

bltage, type of voltage (a.cher d.c.), frequency, maximum continuous current, gnd for a.c.
her the power or power factor for each output;

5s protection (IP) rating‘as in 6.3 below.

LADV DiModification by replacing all of the dashed items with the following:

— inpput 'operating voltage range, maximum input voltage, type of voltage (a.¢. or d.c.),

freguency, maximum continuous current and Isc MAX for each input;

— nominal output voltage(s) or output voltage range as applicable, type of voltage (a.c. or
d.c.), frequency, maximum continuous current, and for a.c. outputs, either the power or
power factor for each output;

NOTE 1: Specific adjustments for grid interconnection trip limits and times are not addressed in this
standard.

NOTE 2: The voltage ranges defined above are to indicate the operating range(s) factory default setting.
The PCE may include adjustment(s) beyond this range as described in the manual.
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— the ingress protection (IP) rating, as in 6.3 below and/or enclosure rating in accordance

with UL 50;

— the maximum rated voltage to ground if that voltage rating exceeds the maximum input

voltage rating.

NOTE While IP rated PV equipment is not specifically prohibited by NFPA 70 (NEC), IP ratings are not

widely used or accepted in the United States and may encounter opposition in some juris

5.1.5 Fuse identification

provided tHat it is obvious to which fuse the marking applies, giving the fuse current rating

For fuses njot located in operator access areas and for soldered-in fuses locdted in operator ac
it is permitfed to provide an unambiguous cross-reference (for exampley/F1, F2, etc.) to th
instructiond which shall contain the relevant information.

Compliancg is checked by inspection.

5.1.6 Terntinals, connections and controls

If necessary for safety, an indication shall be given ef-the purpose of terminals, connectors, ¢
indicators, fand their various positions, including any connections for coolant fluids such as
drainage. Tlhe symbols in Annex C may be usedyand where there is insufficient space, symbol

C may be {ised.

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

Push-butto
warning of

ns and actuators of emergency stop devices, and indicator lamps used only to
danger or the need fer urgent action, shall be coloured red.

A multiple-
from the fa
material.

oltage unit shall)be marked to indicate the particular voltage for which it is set wh
ctory. The marking is allowed to be in the form of a paper tag or any other non

A unit with|d.c. teérminals shall be plainly marked indicating the polarity of the connections, wi

dictions.

ner location
and, where

necessary,

Cess areas,
e servicing

bntrols, and
water and
9 of Annex

indicate a

en shipped
L permanent

W@,

— the signs “+” for positive and “-* for negative; or

— a pictorial representation illustrating the proper polarity where the correct polarity can be

unambiguously determined from the representation.

Compliance is checked by inspection.
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5.1.6.1 Protective conductor terminals

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

— symbol 7 of Annex C; or

— the letters "PE”; or

— the colour coding green-yellow.

Compliance is checked by inspection.

5.1

Th
be

If the grounding terminal provides a bonding function for the input source the ¢

L6.1DV DR Modification by replacing with the following:

marked with:

— symbol 7 of Annex C; or

— the colour coding green or green-yellow.

— the letters “G”, “GR”, “GND”, “Ground”, “Grounding,” or equivalent; ¢r

b means of connection for the protective earthing conductor (equipment grqund) shall

tonnection

shall be defined in the instruction manual and-the terminal intended for conné¢ction of a

grqunding electrode conductor shall be marked”Grounding Electrode Terminal”
Compliance is checked by inspection.
5.1.7 Swit¢hes and circuit-breakers

The on anq off-positions of switches and-circuit breakers shall be clearly marked. If a pushby

is used as

symbols 11 and 17 to indicate the ‘off-position, with the pair of symbols (10 and 16, or 11 an

together.

Compliancg is checked by_inspection.

the power switch, symbols 10 and 16 of Annex C may be used to indicate the on-

or "GEC.”

tton switch
position, or
d 17) close
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5.1.8 Class Il equipment

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

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

Compliance is checked by inspection.

5.1.9 Ternyimatboxes fU| extermatconmections

Where requiired by note 1 of Table 2 as a result of high temperatures of terminals or pasts in the wiring
compartmeint, there shall be a marking, visible beside the terminal before connection, of eithdr:

a) the minilpum temperature rating and size of the cable to be connected to thé terminals;
or

b) a markipng to warn the installer to consult the installation instruétions. Symbol 9 of Annex C is an
acceptable|marking.

Complianc¢ is checked by visual inspection and by the temperature measurements of 4.3.
5.2 Warning markings
5.2.1 Visibjlity and legibility requirements for warning markings

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

Warning markings shall be legible, and-shall have minimum dimensions as follows:
— Rrinted symbols shalltbe at least 2,75 mm high.

— Rrinted text chatacters shall be at least 1,5 mm high, whether upper case or lower case, and
shall contrast incolour with the background.

— Jymbols-or text that are moulded, stamped or engraved in a material shall have a ¢haracter
height-ofat least 2,0 mm, whether upper case or lower case, and if not contrasting ir] colour
fropitbe background, shall have a depth or raised height of at least 0,5 mm.

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

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

Compliance is checked by inspection.


https://ulnorm.com/api/?name=UL 62109-1 2019.pdf

48

UL 62109-1

JULY 18, 2014

5.2.2 Content for warning markings

5.2.2.1 Ungrounded heatsinks and similar parts

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

Compliance is checked by inspection.

5.2.2.2 Ho

A part of tH

of Annex Q.

o5
oulilatlt©o

e PCE that exceeds the temperature limits specified in 4.3.2 shall be marked \with

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

5.2.2.3 Co
A unit cont
installation
burns from

a)

b

~

plant

hining coolant that exceeds 70 °C shall be legibly marked‘externally where readily
with symbol 15 of Annex C. The documentation shall-previde a warning regarding
hot coolant, and either:

a statement that coolant system servicing is to-be done only by service personnel

instructions for safe venting, draining, or-ethérwise working on the cooling system

opgrations can be performed without operator access to hazards internal to the equig

Compliancg is checked by inspection and by-measurements in accordance with 4.3.

5.2.2.4 Stq

red energy

Where requiired by 7.3.9.2 or 7.4.2'the PCE shall be marked with Symbol 21 of Annex C and

discharge (

apacitors to safe voltage and energy levels shall accompany the symbol.

Compliancg is checked by_inspection.

symbol 14

visible after
the risk of

or

if these
ment

the time to
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5.2.2.5 Motor guarding

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

the source

before removing the guard).

Compliance is checked by inspection.

5.2.3 Sonic hazard markings and instructions

If required by 10.2.1 a PCE shall:

a) be mark

b) be prov
pressure le
cause a hg
readily ava

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

5.2.4 Equi

A PCE with
manual shd

The symbd
giving acce

Compliancg¢ is checked by inspection.

5.2.5 Exce

Where req
information

Compliancg is checked by_inspection.

bd to warn the operator of the sonic pressure hazard; or
ded with installation instructions that specify how the installer can ensure that
vel from equipment, at its point of use after installation, will not reach a ‘value,

zard. These instructions shall include the measured sound pressureevel, and s
lable and practicable protective materials or measures which may)be used.

bment with multiple sources of supply

connections for multiple energy sources shall beimarked with symbol 13 of Anne
Il contain the information required in 5.3.4.

| shall be located on the outside of the unit’or shall be prominently visible behing
ss to hazardous parts.

ssive touch current

lired by 7.3.6.3.7 the PGE shall be marked with symbol 15 of Annex C. See als
to be provided in the.installation manual.

the sound
vhich could
hall identify

C and the

any cover

50 5.3.2 for
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5.3 Documentation

5.3.1 General

The documentation provided with the PCE shall provide the information needed for the safe operation,
installation, and (where applicable) maintenance of the equipment. The documentation shall include the
items required in 5.3.2 through 5.3.4, and the following:

a) explanations of equipment markings, including symbols used;

b) location and function of terminals and controls;
c) all ratinJ;s or specifications that are necessary to safely install and operate the PCE,-injcluding the
following epvironmental ratings along with an explanation of their meaning and any resulting| installation
requiremernts:

— Bnvironmental category as per 6.1

— Wet locations classification as per 6.1

— Hollution degree classification for the intended external environment as per 6.2

— Ihgress protection rating as per 6.3

— Ambient temperature and relative humidity ratings

— Mlaximum altitude rating

— (Qvervoltage category assigned to eachiinput and output port as per 7.3.7.1.2, accgmpanied

by lguidance regarding how to ensure-that the installation complies with the required ¢vervoltage

categories;
NOTE Installgrs may not be familiar with the-term overvoltage category and its implications. The required guidance|is intended to
explain the rgquirements in terms an installer will understand, such as describing appropriate points of connectior] or specifying
transient overyoltage protective means.
d) a warnir|g that when the photovoltaic array is exposed to light, it supplies a d.c. voltage to the PCE.
Compliancg is checked-by inspection.
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5.3.1.1 Language

Instructions related to safety shall be in a language that is acceptable in the country where the equipment
is to be installed.

Compliance is checked by inspection.

5.3.1.2 Format

In general, the documentation shall be provided in printed form and is to be delivered with the equipment.

NOTE An ele

For equipm
may be prg

Complianc¢ with clauses 5.3.1 to 5.3.3 is shown by inspection.

5.3.2 Information related to installation

The docun
and, if ne

commissioning of the equipment. The information provided shathjnclude:

a)

b)

wir
pro
the

c)
to

d)
I

-t r . - : i

ent which requires the use of a computer for both installation and operatiofi,ydog
vided in electronic format without accompanying printed format.

entation shall include installation and where applicable, ‘specific commissioning
cessary for safety, warnings against hazards which-could arise during ins

assembly, location, and mounting requirements;

ng and external controls, colour coding, of leads, disconnection means, or overcur
tection needed, including instructions>that the installation position shall not preven
disconnection means;

ratings and means of connection of any outputs from the PCE, and any requirems
viring and external controls;colour coding of leads, or overcurrent protection need

explanation of the pin-out of connectors for external connections, unless the conn
d for a standard(purpose (e.g. RS 232);

ventilation requirements;

equirements for special services, for example cooling liquid;

umentation

nstructions
allation or

ratings and means of connection to eachselurce of supply and any requirements felated to

rfent
access to

nts related
ed;

bctor is

instructions and information relating to sound pressure level if required by 10.2.1;

h) where required by 14.8.1.3, instructions for the adequate ventilation of the room or location
in which PCE containing vented or valve-regulated batteries is located, to prevent the
accumulation of hazardous gases;

i) t

ightening torque to be applied to wiring terminals;

j) values of backfeed short-circuit currents available from the PCE on input and output
conductors under fault conditions, if those currents exceed the max. rated current of the circuit,

as

per 4.4.4.6;
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k) for each input to the PCE, the maximum value of short-circuit current available from the
source, for which the PCE is designed; and

NOTE This input short-circuit current rating applies to ports such as the mains, PV input, and battery circuits, it is not
intended for low power signal, control, or communications circuits.

[) compatibility with RCD and RCM,;

m) instructions for protective earthing of the PCE, including the information required by
7.3.6.3.7 if a second protective earthing conductor is to be installed;

n) where required by 7.3 8 the installation instructions shall include the following or equivalent
wofding:

“ThHis product can cause current with a d.c. component. Where a residual currept-opgrated
prgtective (RCD) or monitoring (RCM) device is used for protection in case of direct gr indirect
contact, only an RCD or RCM of Type B is allowed on the supply side of:this product.”

0) [for PCE intended to charge batteries, the battery nominal voltage, rating, size, and| type;

p) |PV array configuration information, such as ratings, whether.the array is to be gropnded or
flogting, any external protection devices needed, etc.

Compliancg is checked by inspection.

5.3.2DV D1 Modification of item (j) by replaéing it with the following and adding a new
item (q):

j) values of backfeed short-circuit currents available from the PCE on input and
output conductors under fault“‘conditions, as per 4.4.4.6;

q) for PCE in which one or more circuits has a higher voltage rating to |ground
than the pole-to-pole‘voltage ratings, the installation instructions shall include the
maximum voltage. rating to ground and any related installation requirements such
as the maximum number of PCE allowed to be connected in series, the [voltage
rating to be-used for field wiring and associated equipment, etc.
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5.3.3 Information related to operation

Instructions for use shall include any operating instructions necessary to ensure safe operation, including

the following, as applicable:
— instructions for adjustment of controls including the effects of adjustment;

— instructions for interconnection to accessories and other equipment, including indic
suitable accessories, detachable parts and any special materials;

— warnings regarding the risk of burns from surfaces permitted to exceed the temper
of . ) ]

pratection provided by the equipment may be impaired.
Compliancg is checked by inspection.
5.3.4 Inforpnation related to maintenance
Maintenange instructions shall include the following:

— imtervals and instructions for any preventive maintenance that is required to mainta
(for example air filter replacement or periodic re-tightening of terminals);

ation of

ature limits

imstructions that if the equipment is used in a manner not specified by the manufacjurer, the

n safety

— imstructions for accessing operator access areas; if any are present, including a wafning not

to enter other areas of the equipment;

— part numbers and instructions for obtaining any required operator replaceable parts;

mstructions for safe cleaning (ifsrecommended);

— where there is more than-one’source of supply energizing the PCE, information shall be
prgvided in the manual to, indicate which disconnect device or devices are required tq be

operated in order to completely isolate the equipment.

Complianc¢ is shown by inspection.
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5.3.4.1 Battery maintenance

Where required by 14.8.5, the documentation shall include the applicable items from the following list of
instructions regarding maintenance of batteries:

NOTE The exact wording below does not have to be used as long as the intended information is provided.

— Servicing of batteries should be performed or supervised by personnel knowledgeable about
batteries and the required precautions.

— When replacing batteries, replace with the same type and number of batteries or battery
pagks:

— Gieneral instructions regarding removal and installation of batteries.
— GAUTION: Do not dispose of batteries in a fire. The batteries may explede.

— GAUTION: Do not open or damage batteries. Released electrolyteis ‘harmful to thg skin and
eyegs. It may be toxic.

— GAUTION: A battery can present a risk of electrical shock ‘@and high short-circuit cufrent. The
follpwing precautions should be observed when working on‘batteries:

a) Remove watches, rings, or other metal objects.
b) Use tools with insulated handles.

c) Wear rubber gloves and boots.

d) Do not lay tools or metal parts on top of batteries.
e) Disconnect charging\source prior to connecting or disconnecting battery terminals.
f) Determine if battery is inadvertently grounded. If inadvertently grounded, remove
source from ground. Contact with any part of a grounded battery can result in electrical
shock. The tikglihood of such shock can be reduced if such grounds are rempved
during installation and maintenance (applicable to equipment and remote bat{ery
supplies\not having a grounded supply circuit).

Compliancg is cheeked by inspection.

6 Environmental requirements and conditions

The manufacturer shall rate the PCE for the following environmental conditions:
— Environmental category, as in 6.1 below
— Suitability for wet locations or not
— Pollution degree rating, as in 6.2 below

— Ingress protection (IP) rating, as in 6.3 below
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— Ultraviolet (UV) exposure rating, as in 6.4 below

— Ambient temperature and relative humidity ratings, as in 6.5 below

The documentation provided with the PCE shall include these ratings as per 5.3.1. In addition, the rating,
as in 6.3 below shall be marked on the equipment as per 5.1.4.

These parameters are subject to minimum requirements, test, and examination, as given in the following
clauses and in Table 4.

Compliance is shown by inspection.

6.1 EnvirJnmental categories and minimum environmental conditions

The PCE ¢

NOTE The tq
meanings of

6.1.1 Outd

The PCE i
the cold n
requiremern

6.1.2 Indo¢r, unconditioned

The PCE i

fungus, andl radiation to the cold night sky, etc.cbut the building or enclosure is not condition

of tempera
not rated f
installation

6.1.3 Indo¢r, conditioned

The PCE i

fungus, and radiation to thecold night sky, etc., and the building or enclosure is generally co

terms of te
and evalug
location mu

nvironmental categories are defined as follows:

rm environmental category replaces the term “service use” used in IEC 62093 to,avoid confusion
Bervice” (use vs. maintenance).

por
fully or partly exposed to direct rain, sun, wind, dusts fuagus, ice, condensation,
ght sky, etc., and to the full range of outdoor gemperature and humidity. W

ts apply.

5 fully covered by a building or enclosure to protect it from direct rain, sun, wind

ure, humidity or air filtration, and the equipment may experience condensation. If
br and evaluated for wet location) use, then the installation instructions shall sped
location must be dry, exceptfor condensation.

5 fully covered by a building or enclosure to fully protect it from rain, sun, wind

mperature, humidity and air filtration. Condensation is not expected. If the PCE is n
ted for wet-location use, then the installation instructions shall specify that the
st be dry; including no expected condensation.

between two

radiation to
et location

blown dust,
ed in terms
the PCE is
ify that the

blown dust,
hditioned in
ot rated for
installation
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Table 4 — Environmental categories, environmental conditions, and test requirements

Rating

Minimum environmental conditions

Per the manufacturer’s specifications, subject to the following minimum requirements*

Outdoor Indoor, unconditioned Indoor, conditioned
Pollution degree'’ Min. PD3 Min. PD3 Min. PD2
Wet location Yes No No
Ingress protection? Min. 1P343 Min. 1P20 Min. IP20

Ambient service temperature

—20 °C to +50 °C —20 °C to +50 °C

range

+0 °C to +40 °C

Relative

4 % to 100 %
{Condensing)

5 % to 95 %
—(Non condensmg) ]

humidity range

5 % to 85 %
—Non condgnsing)

uv

Exposure Required Not required

Not requlred

4 This table

1 This is the
internal to th

2 These requ
concerning g

b equipment.

ccess to live parts and mechanical hazards, and containment of fire hazards.

S Attention ig brought to the fact that this IP34 requirement is not as stringent as the 1P44 requirement in IEC 62093
environment

| qualification of PV components.

pollution degree of the external environment. See also 6.2 regarding reduction of pollution degree)in s

irements are in addition to the requirements of other clauses of this standard which may.be more strin

efines the PCE safe environmental operating range and is not intended to.specify operational perform

ecific areas

hent,

for

ance.

Ta
fol

ble 4DV D1 Modification of Table 4 by replacing the/AIngress Protection” ro
Jowing and new note 4:

w with the

enclo

Ingress pJatection and/or

Min. Type 3R or IP343 Min, Type 1 or IP20 Min. Type 1

ure rating 2

or IP20

conditions.

4 This table
performanc
shall be sulj

defines the PCE safe environmental operating range and is not intended to specify operational

The product shall be operated until the temperatures stabilize and during this testing, the prod

pose a hazgrd as defined in section 4.4.2.

. If a product’s rated thermal operating range is‘less severe than the limits defined in table 4, t
jected to applicable tests specified within this standard at the more severe table defined thermal

e product

yct shall not

6.2 PoIIutJon degree

The manuf

definitions

NOTE Pollutig
with means td

The polluti

n 3.60 through 3:63:

n degree 4 is not'covered by this standard. PCE intended for use in pollution degree 4 environments sh.
reduce the{micro-environment to pollution degree 1, 2, or 3.

n degree is increased within certain areas of the equipment where the equipmen
generate contamination or moisture (for example condensation caused by a cooling system, or

hcturer’s stated pollutionidegree rating shall be used when determining the require
and clearamce distances in 7.3.%, The stated pollution degree rating shall comply with above 3

d creepage
nd with the

bl be provided

t itself may
conductive

contamination from motor pbrushes).

The pollution degree may be reduced within certain areas of the equipment by the use of encapsulation,
conformal coating, etc., as in Table 5 and Clause 7. Reduction of pollution degree within the overall
equipment may also be achieved, by the use of enclosures providing protection as in Table 5.
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Table 5 — Reduction of the pollution degree of internal environment through the use of
additional protection

Additional protection

From pollution degree 2 of
external environment to:

From pollution degree 3 of
external environment to:

Area to which the reduced
pollution degree applies

IEC 60529

Enclosure IP5X dust test of 1 2 entire inside of the enclosure
IEC 60529 and no internally or that portion which meets
generated contamination IP5X

Enclosure IPX7 or IPX8 of 2 2 entire inside of the enclosure

or that portion which meets

(see 7.3.7.8.p)

IPX7 or IPX8
Type 1 (see 7.3.7.8.4.2) 1 1 area under the coating or
conformal cdating or potting potting

Type 2 (see [7.3.7.8.4.2)
conformal cdating or potting
(see 7.3.7.8.p)

treated as solid insulation

treated as solid insulation

area under the|coating or
potting

Hermetically|sealed enclosure
with measurgs taken to
exclude pollytion before
sealing, and |no internally
generated cqntamination

sealed portion of the
enclosyre

6.3 Ingress protection

The manufacturer’s stated ingress protection rating shall cémply with Table 4 and shall bg verified in
accordancg with IEC 60529.

These requliirements are in addition to the requiremehts of other clauses of this standard [concerning
access to ljve parts, fire hazards and mechanical hazards.

Compliancg is checked by testing in accordance with IEC 60529.

Protection pgainst ingress of water is Verified by the applicable tests in IEC 60529, followed by visual

inspection, [the voltage test of 7.5.2,~and the touch current test of 7.5.4 if required by 7.3.6.3.7.

6.3DV D1 Modification in accordance with the following:

Add “and/or UL 507 after each of the three references to IEC 60529.
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6.4 UV exposure

External plastic parts of equipment for outdoor service shall not be degraded by exposure to UV light to
the extent that protection against hazards is reduced below levels given in 13.6.4. If required by Table 4,
the polymeric material shall have been evaluated for ultraviolet (UV) radiation resistance as determined in
accordance with 13.6.4. If degradation of the parts could not affect the protection provided, this
requirement is waived.

6.5 Temperature and humidity

The manufacturer’s stated ranges of ambient temperature and relative humidity are used elsewhere in this

standard tgcetermine plUbUlIu‘;tiUll;lly ancHtestparameters:

7 Protectipn against electric shock and energy hazards
7.1 General
This clausg 7 defines the minimum requirements for the design and constraction of PCE fof protection
against shock and energy hazards during installation, operation, and maintenance, under pormal and
single fault] conditions, for the expected lifetime of the PCE. Consideration is also given to[ minimizing
hazards resulting from reasonably foreseeable misuse.

7.2 Fault ¢onditions

Protection pgainst electric shock and energy hazards shallkbe maintained under normal and|single fault
conditions.

Compliancg is checked by inspection, by analysisof*normal and fault scenarios, and by the fests of 4.4.
7.3 Protegtion against electric shock
7.3.1 Gengral

Each circuft under evaluation shall~be compliant with Figure 1, which presents a summary |of possible
design solytions with regard to protection against electric shock arising from direct and indire¢t contact.

The decisi\fe voltage class of each circuit in the PCE, as per 7.3.2, determines the minimum refjuired level
of protectign.
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Protection against electric shock

7.3
OR | OR
Protection against direct contact Protection in case of direct contact
734 7.3.5
OR | OR OR OR OR
Protection-by- Protection-by .
7 7 Protection Protection rotection
mearjs of _means of by DVC-A by protective by voltage
enclo ures |n_sulat|on of 359 impedance limitation
and bafriers live parts -9-9. 7353 7354
7.3.4.2 7.34.3 R o
AND | | AND
AND Limitation of Lir_nitation_ of
curreit discharging
Pfotection against indirect contact 7.3.5.3:1 energy
7.3.6 7.3.5.3.2
OR OR AND

Protective|class 1 - Protective class 2 -

Basic ingulation Double or

and profective Reinforced
bonding insulation
7.3.8.3 7.3.6.4

Protective separation using double or reinforced
insulation, or protective screening

7.3.3

su1297

Figure 1 — Functional summary of protective measures against electric shock

NOTE Different circuits, insulation, and parts of the PCE will use different approaches for protection against shock hazards, and

different paths through this flow-chart.
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7.3.2 Decisive voltage classification

7.3.2.1 Use of decisive voltage class (DVC)

Protective measures against electric shock depend on the decisive voltage classification of the circuit,
which is determined from Table 6 and 7.3.2.4. The decisive voltage classification for a circuit is the least
severe classification for which both of the following are complied with:

— the working voltage limits of Table 6, and

— the applicable protective measures of 7.3.2.4.

The DVC irl| turn indicates the minimum required level of protection for the circuit. Circuits,cemplying with
the requirgments for DVC-A are considered safe to touch. DVC-B and DVC-C circuits shall not be
accessible [unless they comply with the requirements for protection in case of direct,contact in 7.3.5.

If the protective measures of 7.3.2.4 are not met, the decisive voltage classification of a cirquit shall be
raised to almore severe classification even if the working voltage limits of Table' 6 are met.

If two circujts are connected, or are separated only by functional insulation, they are treated [as a single
circuit (not fas “adjacent circuits”) in determining decisive voltage classifiCation and in applying 7.3.2.4.

7.3.2.2 Linpits of DVC
The voltage limits for each DVC level are given in Table 6.

Table 6 — Summary of the limits-of the decisive voltage classes

Limits of working voltage
Vv
Dec.is_we_voltage a.c. voltage a.c. voltage d.c. volthge
Classification (DVC)
r.m.s. peak mear
UacL UncpL Ubcy
A* <25 <35,4 <60
(16) (22,6) (35)
B 50 71 120
(33) (46,7) (70)
C >50 >71 >120
(>33) (>46,7) (>70
The table values inpafentheses are to be used for PCE or portions of PCEs rated for installation in wet locations ap addressed
in 6.1 for enyironmental categories and minimum environmental conditions.
*DVC-A circyits.are allowed under fault conditions to have voltages up to the DVC-B limits, for maximum 0,2 s.

Table 6DV DR Modification by replacing Table 6 with the following table:
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Table 6DV — Summary of the limits of the decisive voltage classes

Decis
Classifi

Limits of working voltage
Vv

ive voltage

cation (DVC) d.c. volt

a.c. voltage (sinusoidal)
r.m.s.

a.c. voltage (nonsinusoidal)
peak

UncL UncpL

mean

UbcL

age

A* <25

(15)

<35,4
(21,2)

<60
(30)

B 50

(33)

71
(46,7)

120
(70)

C >50 >71 >12

(>33) (>46,7) =7

i

The table vg
installation

conditions.

*DVC-A circ
NOTE 1 Th
Class 2 Ci
Table 6DV

NOTE 2 For
circuits or g

(nonsinusoi

1

lues in parentheses are to be used for PCE, exposed live parts and circuits, or portions\of PC

pits are allowed under fault conditions to have voltages up to the DVC-B limits,(for-maximum 0,
wet classification DVC A shown in the Table with the relevant voltage limits)in NFPA 70, Articlg

re more stringent than specified in the NEC and therefore fulfill its intent.

information purposes, the IEC 64277, DVC A table values limits used for PCE exposed live part

pal) (17V) and d.c. voltage (28V).

Et
n wet locations as addressed in Clause 6.1 for environmental categories and minimum environ

uits which are 42,4 Vpk or 60 Vdc in dry locations and 21,2 Vpk or 30 Vdc.in Wwet areas. Some vplues in

ortions of PCEs rated for installation in wet locations as addressed in Clause 6.1 for environmental
categories gnd minimum environmental conditions as required are: a.c{voltage (sinusoidal) (12V), a.c. volt3

rated for
ental

Ps.
725, for

5 and

ge

7.3.2.3 Sh
The non-re
exceed DV
voltage exd
7.3.2.4 Re
Protection

supplemen

circuit or a

Accessible
insulation.

Accessible

bri-term limits of accessible voltages under fault conditions

curring voltage allowable on accessibletlive or conductive parts under fault conditio
C-A limits, except that voltages up_toithe DVC-B limits are allowed if the duration fg
eeds DVC-A levels does not exceed 0,2 s.

uirements for protection

al insulation, can-result in a voltage higher than the DVC-A limits appearing on an

cessible conductive part.

earthed conductive parts shall be separated from DVC-B and DVC-C circuits by at

cireuits shall comply with the requirements for protection in case of direct contact

ns shall not
r which the

shall be provided that -ensures that no single fault, including faults to functiond, basic, or

accessible

least basic

n7.3.5.

Accessible un-earthed conductive parts shall be separated from DVC-B and DVC-C circuits by reinforced
or double insulation or by protective separation.

Table 7 shows examples that meet the requirements for the application of functional and basic insulation
or protective separation, dependent on the DVC of the circuit under consideration and of adjacent circuits.

NOTE Examp

les are shown in Annex I.
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Table 7 — Examples of application of insulation and separation
DVC of Protection Insulation to Insulation to Insulation to adjacent circuit of DVC:
considered required earthed parts adjacent
circuit against direct accessible
contact per conductive
7.34 parts that are A B C
not earthed
A No f f f p? P2
B Yes b P BY BY
C Yes b P BY
f functional insulation; for adjacent circuits insulation is based on the circuit of higher voltage.
b  basic inqulation; for adjacent circuits insulation is based on the circuit of higher voltage.
p protective separation; for adjacent circuits insulation is based on the circuit of higher voltage.
1) functional |nsulation is permitted if both the considered circuit and the adjacent circuit are separated from)aecessiple
conductive pprts and from DVC-A circuits by insulation or separation that ensures adequate protection based on th¢ circuit of
highest voltape.
2) it is permitted to use basic insulation between the considered circuit and the DVC-B or -C circuit.ifyprotection agajnst direct
contact with the considered circuit is provided by basic or supplementary insulation or barriers(or enclosures. The pfotection
against diregt contact with the considered circuit shall be based on the voltage of the DVC-Boy*C circuit — see 7.3[4.2 and
7.3.4.3.
7.3.2.5 Cohnection to PELV and SELV circuits
If it is intended to connect signal, communication, or control potis of the PCE to external PELV or SELV
devices or gircuits, the compatibility of the different systems_shall be determined, such that:
— the PELV or SELV classification of the external circuit is not changed, and
— the DVC [classification of the external port of the*PCE is not changed.
NOTE Consideration needs to be given to factors such as whether the circuits involved are earthed or not, wha} the voltages
involved are, whether or not direct contact with live parts is possible, single faults in either equipment or the intercopnections, etc.
7.3.2.6 Wqrking voltage and DVC
7.3.2.6.1 General
The working voltage used in determining the decisive voltage classification of a given circuit i evaluated
by the method set out, below.
Working valtagesshall be based on operation of the PCE under the worst case combination of highest and
lowest ratef valtages for each port, and under worst-case normal operating conditions.

NOTE 1 Transients and voltage fluctuations are disregarded.

NOTE 2 Determining worst-case normal operating conditions requires consideration of factors such as loading from open-circuit to

full load, operating mode, etc.

Three cases of waveforms are considered.
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7.3.2.6.2 AC working voltage (see Figure 2)

A

Uncp
[ 3 1 b
IEC |258/03
su0067
Figure 2 — Typical waveform for-a.c. working voltage

The working voltage has an r.m.s. value U,c andta recurring peak value Upcp.
The DVC is that of the lowest voltage row, of Table 6 for which both of the following conditions are
satisfied.
* Unc < UnpL

* Uacr = U

NCPL



https://ulnorm.com/api/?name=UL 62109-1 2019.pdf

64 UL 62109-1 JULY 18, 2014

7.3.2.6.3 DC working voltage (see Figure 3)
[T~ b T /[
1 | — |

Upc Upcp

IEC 259/03

su0068

Figure 3 — Typical waveform for-d.c. working voltage

The working voltage has a mean value Upc and ayecurring peak value Upcp, caused by a rigple voltage
of r.m.s. vdlue not greater than 10 % of Upc.

The DVC is that of the lowest voltage ,row of Table 6 for which both of the following conditions are
satisfied.

* Upc < UpeL

* Upcp < 1117 X UpcL
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7.3.2.6.4 Pulsating working voltage (see Figure 4)
A
Uac
Uacp
Upc
IEC 260/03
su0069
Figure 4 — Typical waveform for pulsating working voltage
The working voltage has a mean value Upc and avecurring peak value Upcp, caused by a rigple voltage
of r.m.s. vdlue Upc greater than 10 % of Upc.
The DVC is that of the lowest voltage ,row of Table 6 for which both of the following conditions are
satisfied.
* Unc/Unct|+ Upc/UpcL < 1

* Uacp/Ung

pL + UDC/(1’17 X UDCL ) <A1
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7.3.3 Protective separation

Protective separation shall be achieved by:

¢ double or reinforced insulation,

or

e protective screening, i.e. by a conductive screen connected to earth by protective bonding in
the PCE, or connected to the protective earth conductor itself, whereby the screen is separated
from live parts by at least basic insulation,

or

°p
per

or

The protec
the PCE.

7.3.4 Protd
7.3.41 Ge
Protection
the requirg
(enclosures
Open type
instructions

equipment

Products in

measures against direet\contact, except as required by 7.3.4.2.4.

NOTE Some
areas.

imitation of voltage according to 7.3.5.4.

otective impedance comprising limitation of current per 7.3.5.3.1 and of discharge
7.3.56.3.2,

ive separation shall be fully and effectively maintained under all conditions of inter

ction against direct contact

heral

hgainst direct contact is employed toprevent persons from touching live parts that ¢
ments of 7.3.5 and shall be provided by one or more of the measures giver
and barriers) and 7.3.4.3 (insulation).

Ssub-assemblies and devices“do not require protective measures against direct con
provided with the equipment shall indicate that such measures must be provided

or in the installation.

tended for installation in closed electrical operating areas, (see 3.9) need not hav

ocal regulations require guarding against inadvertent contact with hazardous parts even in closed elect

d energy

ded use of

lo not meet
in 7.3.4.2

tact but the
in the end

b protective

rical operating
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7.3.4.2 Protection by means of enclosures and barriers

The following requirements apply where protection against contact with live parts is provided by

enclosures

or barriers, not by insulation in accordance with 7.3.4.3.

7.3.4.2.1 General

Parts of enclosures and barriers that provide protection in accordance with these requirements shall not
be removable without the use of a tool (see 7.3.4.2.3).

Polymeric materials used to meet these requirements shall also meet the requirements of 13.6.

7.3.4.2.2 Access probe criteria

Protection iIs considered to be achieved when the separation between the test probes and live parts, when
tested as described below, is as follows:

a) decisive|voltage classification A, (DVC A) — the probe may touch the live parts;

b) decisive| voltage classification B, (DVC B) — the probe shall have_adequate clearance tq live parts,
based on the clearance for functional insulation (see Note 1);

c) decisive| voltage classification C, (DVC C) — the probe shalhhave adequate clearance tq live parts,
based on the clearance for basic insulation (see Note 2).

NOTE 1 Fundtional insulation is allowed because inserting a finger intonan opening is considered to be the first fault.

NOTE 2 Basi¢ insulation is allowed because inserting a finger intd’an opening is considered to be the first fault.

NOTE 3 Figute 5 row 4 gives examples of the probe requirements for openings in the enclosure.

7.3.4.2.3 Access probe tests

Compliancg with 7.3.4.2.1 is checked by all of the following:

a) Inspectign; and

b) Tests with the test finger (Figure D.1) and test pin (Figure D.2) of Annex D, the results of jwhich shall
comply with the requirements of 7.3.4.2.1 a), b), and c) as applicable. Probe tests are pefformed on
openings in the enelosures after removal of parts that can be detached or opened by an operator without
the use of a toolvincluding fuseholders, and with operator access doors and covers open. It is permitted
to leave lafnps) in place for this test. Connectors that can be separated by an operator withdut use of a
tool, shall also be tested during and after disconnection. Any movable parts are to be put in the most

unfavourable position.

The test finger and the test pin are applied as above, without appreciable force, in every possible position,
except that floor-standing equipment having a mass exceeding 40 kg is not tilted.

Equipment intended for building-in or rack mounting, or for incorporation in larger equipment, is tested with
access to the equipment limited according to the method of mounting detailed in the installation
instructions.
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c) Openings preventing the entry of the jointed test finger (Figure D.1 of Annex D) during test b) above,
are further tested by means of a straight unjointed test finger (Figure D.3 of Annex D), applied with a force
of 30 N. If the unjointed finger enters, the test with the jointed finger is repeated except that the finger is
applied using any necessary force up to 30 N.

d) In addition to a) to c) above, top surfaces of enclosures shall be tested with the IP3X probe of IEC
60529. The test probe shall not penetrate the top surface of the enclosure when probed from the vertical
direction £ 5° only.

7.3.4.2.3DV DE Modification in accordance with the following:

ed by all of

7.3.4.2.3DV.2 Change the first sentence of subparagraph b) to: “Tests ,with the [test finger
(Figure D.1) and test pin (Figure D.2) of Annex D, the results of which-shall comply with the

7.3.4.2.4 Yervice access areas
Where thg enclosure is required to be opened and the PCE is enhergized during insfallation or
maintenange, live parts of DVC B or C that may be unintentionally~touched when making adjustments
shall be prgtected against contact by the finger probe of Figure®:1 of Annex D.

7.3.4.3 Prqtection by means of insulation of live parts

Where the [requirements of 7.3.4.2 are not met, live pafts shall be provided with insulation if:

— their working voltage is greater than the maximum limit of decisive voltage class A, or

— for a DVQ A or B circuit, protective separation from adjacent circuits of DVC C is not provided (see note
2) under Table 7).

The insulatjon shall be rated according to the impulse voltage, temporary overvoltage or working voltage
(see 7.3.7.L.1), whichever gives, the most severe requirement. It shall not be possible to femove the
insulation without the use offaytool. The insulation shall extend as far as necessary to ensure compliance
with the probe test of 7.3.4.2.1.

Any condugtive partiavhich is not separated from DVC-B or DVC-C parts by at least basic ipsulation is
considered|to be a\live part. A metallic accessible part is considered to be conductive, if its surface is bare
oris coveer by ‘an insulating layer which does not comply with the requirements of basic insulation.

As an alternative to solid or liquid insulation, a clearance according to 7.3.7.4, shown by Lg and Lg in
Figure 5, may be provided.

The grade of insulation — functional, basic, double or reinforced — depends on:
» the decisive voltage class of the live parts or adjacent circuits, and
* the connection of conductive parts to earth by protective bonding.

Three cases are considered:
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Case a) Accessible parts are conductive and are connected to earth by protective bonding.

* Basic insulation is required between accessible parts and the live parts. The relevant voltage is that of
the live parts (see Figure 5, cells 1)a), 2)a), 3)a)).

e Functional insulation is required between accessible parts and live parts of inaccessible circuits of
DVC-A which are separated by only basic insulation from adjacent circuits of decisive voltage class C. The
relevant voltage is the highest voltage of the DVC-C adjacent circuit (see Figure 5, cell 3)a)).

Cases b) and c) Accessible parts are non-conductive (case b)) or conductive but not connected to earth
by protective bonding (case c)). The required insulation is:

* Double on
voltage is t
accessible
requiremen

e For the
examples {
part may f
7.3.7.8.
7.3

7.3

reinforced insulation between accessible parts and live parts of DVC-B or DVCC-]|
hat of the live parts (see Figure 5, cells 1) b), 1) c), 2)b), 2)c)). For the case-6f’'\non
parts, the accessible part may form all or part of the required insulation if it
ts for solid insulation in 7.3.7.8.

bituation where adjacent circuits are involved, the requirements)are given in T
ee Figure 5, cells 3)b), 3)c)). For the case of non-conductive accessible parts, the
brm all or part of the required insulation if it meets the reguirements for solid i

.4.3DV DE Modification in accordance with the/following:

14.3DV.1 Change the first dashed paragraph:to: ” — their working voltage is g

th

7.3.4.3DV.2 Change the last sentence of‘the second paragraph to: “The insul

maximum limit of DVC A, or”

he relevant

tconductive

meets the

able 8 (for
accessible
hsulation in

reater than

ation shall

exiend as far as necessary to ensure compliance with 7.3.4.2.2 and the prgbe test of

7.34.2.3.”

7.3.4.3DV.3 Change the second dotted paragraph under Case a) to: “Functional

is
are

equired between accessible parts and live parts of inaccessible circuits of DV
separated by only basic insulation from adjacent circuits of DVC C.”

insulation
C-A which
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Table 8 — Insulation between accessible unearthed parts and DVC-A or -B circuits adjacent to
DVC-B or -C circuits

Considered circuit (closer to
accessible parts)

Adjacent circuit

Insulation between the
considered circuit and the
adjacent circuit

Insulation between the
considered circuit and
unearthed accessible parts

DVC-A DVC-B or DVC-C Basic? Supplemental?
Reinforced? Functional
DVC-B DVC-C Basic?

Supplemental?

Reinforced?

Reinforced

@ Based on the voltage of the circuit having the higher DVC.

Examples pf insulation configurations for DVC-C live parts are given in Figure 5, whichtalso includes
examples gf the requirements for apertures.
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Insulation configuration

Type of insulation

a
Accessible parts
conductive and
connected to earth
by protective

b
Accessible parts
not conductive

[

Accessible parts conductive, but

NOT connected to earth by
protective bonding

bonding
1) Solid or liquid S DI DI C Rl M
CBIMJ cll sli| C R CBIMSI C|Bl SIM I:I
| \ | Cje-RIl—s M
= \\ \ CRNIAY
S
2) szsuy or s C Sl M C M
pattially by air Lg
cleprance c M c M Sl - | Le |
‘J Ls C SIM “
Ls | -~ Ll R ¢ M
- e LR
C Sl M -—
= Ly
— .|
3) Insylation for
adjdcent circuits:
C Blc AFIc M S C Blg A SI
“I.” fndicates - c c C Blc A Slc M
insulation based o I == <«——18S
on the DVC-C -— |
circit =
4) Re({uirements
for gpertures in
enc|osures
c M C sl CBl, M C [ M
Ls R
LB LB <> ——|
T - T T <> T
LB LB
b\ - >
Key Lg clearance for basic insulation T test probe per 7.3.4.2.3
c “V? partorlcwlcwtofDVC-C L clearance for reinforced insulation Ls clearance for supplemental
A adjdcent circuif\of-DVC-A insulation
accssible surface M conductive part I insulation less than basic
FI fungtionhal insulation Bl basic insulation S| _supplementary insulation
RI reinforced insulation DI  double insulation

NOTE 1

In row 4), the insertion of the test finger is considered to represent the first fault.

NOTE 2 This figure shows examples only, and is not intended to cover every situation.

su0577b

Figure 5 — Examples for protection against direct contact for DVC-C circuits
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7.3.5 Protection in case of direct contact

7.3.5.1 Ge

neral

Protection in case of direct contact is required to ensure that contact with live parts does not produce a
shock hazard.

Protection against direct contact according to 7.3.4 is not required if the accessible circuit

e is of DVC-A and complies with 7.3.5.2, or

¢ is providegd—witlhrprotectiveimpedancetmaccordancewitth7-3-5-3;ot
¢ is limited jn voltage according to 7.3.5.4.
In addition fto the measures as given in 7.3.5.2 to 7.3.5.4, it shall be ensured that-in the event of error or
polarity reyersal of connectors no voltages that exceed DVC-A are present{on’ circuits t:lnat are not
protected against direct contact. This applies for example to plug-in-subassemblies or other plug-in
devices which can be plugged-in without the use of a tool (key) or which afe ‘accessible withput the use
of a tool.
Compliancg is checked by visual inspection and trial insertion.
7.3.5.2 Prqtection using decisive voltage class A
Circuits of [decisive voltage class A do not require protection against direct contact if the|circuit has
protective geparation from circuits of DVC-B or DVC;€¢ih accordance with 7.3.3.

7.3.5.2DV DE Modification by replacing the Clause with the following:

7.3.5.2 Protection using DVC A

Cincuits of DVC A do notitequire protection against direct contact if the ¢ircuit has

pra

tective separation from-circuits of DVC-B or DVC-C in accordance with 7.3.3.
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su0594a

Key

Uwy arbitrary,

Uwp decisive

7.3.5.3 Prg

Circuits an
of DVC-B
provided w

The protec
are met.

earthed or unearthed

oltage DVC A, earthed or unearthed

- - Protection against direct contact

- - — Protective separation from circuits requiring protection against direct contact

Figure 6 — Protection by DCV A with.protective separation

tection by means of protective impedanee

[l conductive parts do not require protéction against direct contact if any connectio
br DVC-C is through protective~impedance, and the accessible circuit or part i
th protective separation from circuits of DVC-B or DVC-C according to 7.3.3.

ive impedance shall be{ designed such that the requirements of both 7.3.5.3.1 ar

h to circuits
5 otherwise

d 7.3.5.3.2
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7.3.53.1 L

imitation of current through protective impedance

The current available through protective impedance to earth and between simultaneously accessible
parts, measured at the accessible live parts, shall not exceed a value of 3,5 mA a.c. or 10 mA d.c. under
normal and single-fault conditions.

Compliance is checked by inspection, by analysis of the relevant circuit diagrams, and by testing, using
the circuit of IEC 60990, Figure 4.

NOTE 1 For convenience, IEC 60990 test Figure 4 is reproduced in Annex H.

NOTE 2 Congt

sources and ¢
current unlesg

The protec
overvoltagd

arth could have on the result (for example a d.c. supply with capacitors to earth can increase the-m
the d.c. supply is not earthed to the same earth as the PCE under test).

ive impedances shall be designed and tested to withstand the impulse voltages
and working voltage of the circuits to which they are connected.

Compliancg is checked by the testing of 7.5.1 and 7.5.2.

Key

U;: hazardoug

Touch current
parts

______________________ Y\ N
T !
— H 1 +
z z : i
Uy | I
z z :! ! _L
—H 1 e -
L _

su0596

IEC 267/03

voltage, earthed ¢F unearthed

-.- Rrotection against direct contact

at accessihfe.parts limited to /< 3,5 mA a.c., 10 mA d.c. from parts to earth and between simultaneou

external test
pasured touch

temporary

sly accessible

direct contact

Figure 7 — Protection by means of protective impedance

Protected by protective impedance, and having protective separation from circuits requiring protection against
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7.3.5.3.2 Limitation of discharging energy through protective impedance
The discharging energy available between simultaneously accessible parts protected by protective

impedance shall not exceed the charging voltage and capacitance limits given in Table 9, which applies
to both wet locations and dry locations, under normal and single fault conditions. Refer to Figure 8.

su1298

--------- - - Protection against direct contact

—————-—- - - — Protective separation from circuits requiring proteetion against direct contact

NOTE For eafthed circuits, the charge limitation is applied from accessible parts to earth, and between simultaneously accessible

parts.

Figure 8 — Protection by limitation of discharge energy

Table 9 — Values of accessible capacitance and charging voltage (threshold of pain)

Voltage Capacitance Voltage Capacitance

\') uF kV nF
70 42,4 1 8,0
78 10,0 2 4,0
80, 3,8 5 1,6
90 1,2 10 0,8

TOO U,58 20 0.4

150 0,17 40 0,2

200 0,091 60 0,133

250 0,061

300 0,041

400 0,028

500 0,018

700 0,012

Compliance is checked by performing calculations and/or measurements to determine the voltage and

capacitance.
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7.3.5.4 Protection by means of limited voltages

That portion of a circuit that has its voltage reduced to DVC-A by a voltage divider that complies with the
following requirements, and that is otherwise provided with protective separation from circuits of DVC-B
or DVC-C according to 7.3.3, does not require protection against direct contact.

The voltage divider shall be designed so that under normal and single fault conditions, including faults in
the voltage division circuit, the voltage across the output of the voltage divider does not exceed the limit
for DVC-A.

This type of protection shall not be used in case of protective class Il or unearthed circuits, because it

relies on protectiveeartirbeingconmected:

su597 IEC 268/43

Key
U,: hazardoug voltage, earthed.
U,: Decisive Joltage DVC A

Figure 9 — Protection by means of voltage limitation

7.3.6 Protqction against indirect contact
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7.3.6.1 General

Protection against indirect contact is required to prevent shock-hazardous currents being accessible from
conductive parts during an insulation failure. This protection shall comply with the requirements for
protective class | (basic insulation plus protective earthing), protective class Il (double or reinforced
insulation) or protective class Il (limitation of voltages).

That part of a PCE that meets the requirements of 7.3.6.2 and 7.3.6.3 is defined as protective class I.

That part of a PCE that meets the requirements of 7.3.6.4 is defined as protective class II.

That part of= PEEwhichmeetsthe requirements of-tecisive vu:tagc classAand-mwhichg hazardous
voltages are derived, is defined as protective class Ill. No shock hazard is present in sucheincuits.
Where protection against indirect contact is dependent on means provided during”instdllation, the
installation [instructions shall provide details of the required means and shall jndicate the|associated
hazards.

7.3.6.2 Insplation between live parts and accessible conductive parts

Accessible|conductive parts of equipment shall be separated from %ive”parts by insulation meeting the
requiremernts of Table 7 or by clearances as specified in 7.3.7.4 and-creepages as specified |n 7.3.7.5.
Complianc¢ is checked measurement of clearances, creepage distances and/or solid insulatipn.

7.3.6.3 Prqtective class | — Protective bonding and earthing

7.3.6.3.1 General

Equipment|of protective class | shall be provided with protective earthing, and with protective| bonding to

ensure ele
external pr

a) accessil]

b) accessi
reinforced

Figure 10 3

btective earthing conductor, except bonding is not required for:
le conductive parts that*are protected by one of the measures in 7.3.5.2 to 7.3.5.4

ple conductive paris that are separated from live parts of DVC-B or -C using
nsulation.

hows an‘example PCE and its associated protective earthing and bonding.

ctrical contact between accessible conductive parts and the means of connecfion for the

, or

double or
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PCE PCE PCE
subassembly subassembly subassembly

9 PCE
subassembly

NS

— 2

su0599a

Key

1 PCE subassembly protective earthing conductors (dimensioned according to the requirements for each subassembly)
2 protective bonding (may be a bonding conductor, fasteners, or other means)
3 PCE protective earthing conductor (dimensioned according to the requirements for the entire PCE system)

4 earthing bus bar

Figure 10 — Examples of protective bonding and earthing
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7.3.6.3.2 Requirements for protective bonding

Electrical contact with the means of connection of the external protective earthing conductor shall be
achieved by one or more of the following means:

a) through

direct metallic contact;

b) through other conductive parts which are not removed when the PCE or sub-units are used as

intended;
c) through
d) through

Where dire
or coating 4

NOTE It is diff
washers and

dedicated protective bonding conductors;

pther metallic components of the PCE.

ct metallic contact is used and one or both of the parts involved is painted orCoate
hall be removed in the area of contact, or reliably penetrated, to ensure-metal to mq

icult to ensure reliable penetration of some painted surfaces (in particular powder’painted surfaces) by
he like.

d, the paint
tal contact.

means of star

For moving or removable parts, hinges or sliding contacts designed“and maintained to fave a low

resistance
Metal ducty
conductors|
purposes.

7.3.6.3.3 H

Protective
item(s) con

The protec]
persists or

NOTE In cas¢g
care should b

Protective

a)

Are examples of acceptable means if they comply with the requirements of 7.3.6.3
of flexible or rigid construction and metallic sheaths”shall not be used as protect
unless the device or material has been investigated as suitable for protecti

ating of protective bonding

bonding shall withstand the highest\thermal and dynamic stresses that can occur

cerned when they are subjected\id a fault connecting live parts to accessible condu

until an upstream protective device removes power from the part.

s where the protectivé bonding is routed through conductors of low cross-section (for example, PWB tra
e taken to ensure that no undetected damage to the bonding circuit can occur in the event of a fault.

bonding_shall meet following requirements:

For PCE with an overcurrent protective device rating of 16 A or less, the impedan

pro

3.

ve bonding
e bonding

to the PCE
ctive parts.

live bonding shall remajnneffective for as long as a fault to the accessible condlictive parts

ks), particular

ce of the

tective bonding means shall not exceed 0,1 Q during or at the end of the test belg

W.

b) For PCE with an overcurrent protective device rating of more than 16 A, the voltage drop in
the protective bonding test shall not exceed 2,5 V during or at the end of the test below.

As alternative to a) and b) the protective bonding may designed according to the requirements for the
external protective earthing conductor in 7.3.6.3.5, in which case no testing is required.

Compliance is checked with the following test:
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The impedance of protective bonding means shall be checked by passing a test current through the bond
for a period of time as specified below. The test current is based on the rating of the overcurrent protection

for the equ

ipment or part of the equipment under consideration, as follows:

a) for pluggable equipment type A, the overcurrent protective device is that provided external to
the equipment (for example, in the building wiring, in the mains plug or in an equipment rack);

b) for pluggable equipment type B and fixed equipment, the maximum rating of the overcurrent
protective device specified in the equipment installation instructions to be provided external to
the equipment;

c)
as

Voltages afe measured from the protective earthing terminal to all parts whose protective bon

are being

measurement. However, if the protective earthing conductor is supplied with the eguipment, it

to include t
main prote

On equipm
cable that
conductor
subassemi
is protecte
Otherwise
included, b
the system

Ul a inlbuit Ul palt Uf t: 1< Uqu;plllcl It fUI VV;I;L;:I alt UveTUuliTcl It plUtUbt;Vc UIUVEKJU ;b
part of the equipment, the rating of the provided overcurrent device.

considered. The impedance of the protective earthing conductor ds-not incluy

btive earthing terminal to the accessible part required to be earthed.

ent where the protective earth connection to a subassembly-or to a separate unit
also supplies power to that subassembly or unit, the resistance of the protecti
in that cable is not included in the protective bond impedance measureme
ly or separate unit, as shown in Figure 11. HoweVver; this option is only permitted
by a suitably rated protective device that takes into account the size of the
the impedance of the protective bonding cenductor between the separate uni
y measuring to the protective earthing terminal where the power source enters the
as shown in Figure 12.

provided

ing means
ded in the
s permitted

he conductor in the test circuit but the measurement of the voltage)drop is made only from the

is part of a
ve bonding
nts for the
if the cable
conductor.
Is is to be
first unit in
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PCE Separate unit
Accessible Accessible
Y
Subassembly part part

~! 1 Overcurrent 5
:/ protection
\
6 \
r ey T T T T T I T I I I I I Irs
N
N
\
NN
N
[\
su1299
Key
1 protective bpnding
2 protective eprthing conductor for the separate unit
3 protective eprthing conductor for the PCE

4 energy supply from the mains
5 energy supply from the PCE to the separate unit, with overcurrent protection
6 terminal point of the external protective earthing conductor

7 terminal point of the protective earthing conductor for the separate unit

Figure 11 — Protective bonding impedance test for separate unit with power fed from the PCE

with overcurrent protection for the power cable
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PCE Separate unit

Accessible

part N\

_ Subassembly

Accessible
part

su1300

Key

1 protective bpnding

2 protective bpnding for the separate unit

3 protective eprthing conductor for the PCE

4 energy supply from the mains
5 energy supply from the PCE to the separate unit, without overcurrent protection
6 terminal point of the external protective earthing conductor

7 connection point of the bonding to the separate unit (may be >1)

Figure 12 — Protective bonding impedance test for separate unit with accessible parts and with

power fed from the PCE without overcurrent protection
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7.3.6.3.3.1 Test current, duration, and acceptance criteria
The test current, duration of the test and acceptance criteria are as follows:

a) For PCE with an overcurrent protective device rating of 16 A or less, the test current is 200
% of the overcurrent protective device rating, but not less than 32 A, applied for 120 s. The
impedance of the protective bonding means during and at the end of the test shall not exceed
0,1 Q.

b) For PCE with an overcurrent protective device rating of more than 16 A, the test current is
200 % of the overcurrent protective device rating and the duration of the test is as shown in
Tapte—tobetow—tre vuitagc UIIU[J frthre plutudivc bor |u'i||y means,; u'willg amc-at-tiheend of the
tes}, shall not exceed 2,5 V.

¢) During and after the test, there shall be no melting, loosening, or other damage thjat would
impair the effectiveness of the protective bonding means.

Table 10 — Test duration for protective bondingctest

Dvercurrent protective devide rating Duration of the test
A min
>16 to 30 2
31 to 60 4
61 to 100 6
101 to 200 8
> 200 10

The test cyrrent is derived from an a.c or d.c supply source, the output of which is not earthed.

As an altefnative to Table 10, where the timescurrent characteristic of the overcurrent protegtive device
that limits the fault current in the protective<bending means is known because the device is either provided
in the equipment or fully specified in thetinstallation instructions, the test duration may be baped on that
specific deyice’s time-current characteristic. The tests are conducted for a duration correspornding to the
200 % current value on the time-current characteristic.
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7.3.6.34 P

rotective bonding impedance (routine test)

If the continuity of the protective bonding is achieved at any point by a single means only (for example a
single conductor or single fastener), or if the PCE is assembled at the installation location, then the

impedance

The test sh

of the protective bonding shall also be tested as a routine test.

all be as in 7.3.6.3.3, except for the following:

* the test current may be reduced to any convenient value greater than 10 A sufficient to allow
measurement or calculation of the impedance of the protective bonding means;

e the test d

For equipn
exceed 0,1

For equipment subject to the type test in 7.3.6.3.3.1b) the impedance during the’ routine te

exceed 2,5
NOTE 1 The

NOTE 2 The
cross-sectiong

NOTE 3 As th
7.3.6.3.5 H
A protectiv

protective
cross-secti

If the extefnal protective earthing conductor is routed through a plug and socket, or simila

disconnect
part to be j

Ia.tiUII lllcly bU IU\.;;LJ\.IU\.II tU o :UDD ti art 2 .

ent subject to the type test in 7.3.6.3.3.1a), the impedance during the routine te
Q.

V divided by the test current required by 7.3.6.3.3.1b).

ise of a supply with an earthed output can produce misleading results.

use of larger currents increases the accuracy of the test result, ,especially with low resistance valy
| areas and/or shorter conductor length.

is is a very low resistance, care should be exercised in positiening the measuring probes.
xternal protective earthing conductor
e earthing conductor shall be connected at all times when power is supplied

Class |. Unless local wiring regulations state otherwise, the protective earthing
bnal area shall be determined frarm Table 11 or by calculation according to IEC 60

on, it shall not be possible to disconnect it unless power is simultaneously remov:
rotected.

st shall not

st shall not

es, i.e. larger

to PCE of
conductor
364-5-54.

I means of
bd from the
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Table 11 — External protective earthing conductor cross-section
Cross-sectional area of phase conductors of the PCE, S Minimum cross-sectional area of the corresponding
external protective earthing conductor, S,
mm2 mm2
S<16 S
16 <S<35 16
35<8S S/2
NOTE The values in this table are valid only if the external protective earthing conductor is made of the same metal as the
phase conductors. If this is not so, the cross-sectional area of the external protective earthing conductor is to be determined in
a manner which produces a conductance equivalent to that which results from the application of this table.
The cross-gectional area of every protective earthing conductor which does not form partCoff the supply
cable or caple enclosure shall, in any case, be not less than:
« 2|5 mm? if mechanical protection is provided;
* 4|mm? if mechanical protection is not provided.
For cord-cgnnected equipment, provisions shall be made so that the protective earthing conductor in the
cord shall, jn the case of failure of the strain-relief mechanism, be the fast conductor to be inferrupted.
7.3.6.3.5DV DR Modification by replacing with the following:
7.3.6.3.5DV.1 A protective earthing conductor(equipment ground) shall be connected at
all times when power is supplied to PCE of protective class I.
7.3.6.3.5DV.2 A PCE shall be provided with either a conductor or terminal for|protective
earthing/equipment-grounding. It shall be sized and rated based on the opercurrent
protection device to be employed~-in accordance with Columns 1 and 4 of Table
7.36.3.5DV.2.1.
Table 7.3.6.3.5dv.2.1 - Size of.equipment-grounding and grounding electrode conductors
Column |I Column 2 Column 3
Minimum size _of equipment-grounding or bonding Minimum size of grounding electrgde conductor,
conductor
AWG or kemil (mm?) AWG or kemil (mm?2
Maximurm Copper Aluminum or copper-clad Copper Aluminan or copper-clad
current ratihg,? aluminum luminum
amperes
15 14 1) 12 (3,3). 8 (8,4). 6 (13,3)
20 12 (3,3) 10 (5,3) 8 (8,4) 6 (13,3)
30 10 (5,3) 8 (8,4) 8 (8,4) 6 (13,3)
40 10 (5,3) 8 (8,4) 8 (8,4) 6 (13,3)
60 10 (5,3) 8 (8,4) 8 (8,4) 6 (13,3)
90 8 (8,4) 6 (13,3) 8 (8,4) 6 (13,3)
100 8 (8,4) 6 (13,3) 6 (13,3) 6 (13,3)
150 6 (13,3) 4 (21,2) 6 (13,3) 4 (21,2)
200 6 (13,3) 4 (21,2) 4 (21,2) 2 (33,6)
300 4 (21,2) 2 (33,6) 2 (33,6) 1/0 (53,5)
400 3 (26,7) 1 (42,4) 1/0 (53,5) 3/0 (85,0)

Table 7.3.6.3.5dv.2.1 - Size of equipment-grounding and grounding electrode conductors Continued on

Next Page
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Table 7.3.6.3.5dv.2.1 - Size of equipment-grounding and grounding electrode conductors

Continued
Column 1 Column 2 Column 3
Minimum size of equipment-grounding or bonding Minimum size of grounding electrode conductor,
conductor
AWG or kemil (mm?) AWG or kemil (mm?)
Maximum Copper Aluminum or copper-clad Copper Aluminum or copper-clad
current rating,? aluminum aluminum

amperes
500 2 (33,6) 1/0 (53,5) 2/0 (67,4) 410 (107,2)
600 1 (42,4) 2/0 (67,4) 2/0 (67,4) 410 (107,2)
800 1/0 (53,5) 3/0 (85,0) 3/0 (85,0) 250 (127)
1000 2/0 (67,4) a/0 (107,2) 3/0 (85,0) 250 (127)
1200 3/0 (85,0) 250 (127) 3/0 (85,0) 250 (127)
1600 4/0 (107,2) 350 (127) 3/0 (85,0) 250 (127)
2000 250 (127) 400 (203) 3/0 (85,0) 250 (127)
2500 350 177) 600 (304) 3/0 (85,0) 250 (127)
3000 400 (203) 600 (304) 3/0 (85,0) 250 (127)
4000 500 (253) 800 (405) 3/0 (85,0) 250 (127)
5000 700 (355) 1200 (608) 3/0 (85,0) 250 (127)
6000 800 (405) 1200 (608) 3/0 (85,0) 250 (127)

7.3.6.3.5DV.3 Equipment intended to be installed as service entrance equipment, as
defined in the NEC, or equipment containing:the main dc or ac bonding connegtion shall

be|provided with a grounding electrode terminal. The terminal shall be capable gf securing
a ¢onductor size based on the maximum current rating of the highest current circuit
connected to the unit, as specified in.Column 3 of Table 7.3.6.3.5DV.2.1 and be|marked in

ac¢ordance with 5.1.6.1, Protective conductor terminals.

7.3.6.3.5DV.4 For cord-connected equipment, provisions shall be made s that the
prgtective earthing conductor'in the cord shall, in the case of failure of the gtrain-relief
melchanism, be the last conductor to be interrupted.

7.3.6.3.6 Mleans of connectjenrfor the external protective earthing conductor

7.3.6.3.6.1

The means

General

of connection for the external protective earthing conductor shall be located near ttje terminals

for the respectie~live conductors. The means of connection shall be corrosion-resistant and shall be

suitable for

the,eonnection of cables according to 7.3.6.3.5.

The means of connection for the protective earthing conductor shall not be used as a part of the
mechanical assembly of the equipment or for other connections.

A separate means of connection shall be provided for each external protective earthing conductor.

Connection and bonding points shall be so designed that their current-carrying capacity is not impaired by
mechanical, chemical, or electrochemical influences. Where enclosures and/or conductors of aluminium
or aluminium alloys are used, particular attention should be given to the problems of electrolytic corrosion.

The means of connection for the protective earthing conductor shall be permanently marked with:
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— symbol 7 of Annex C; or
— the colour coding green-yellow.
Marking shall not be done on easily changeable parts such as screws.
7.3.6.3.6.1DV DR Modification by replacing the second dash with the following:
— the colour coding green or green-yellow.

7.3.6.3.7 Touch current in case of failure of the protective earthing conductor

The requirements of this subclause shall be satisfied to maintain safety in case of,damage to or
disconnection of the protective earthing conductor.

For pluggable equipment type A , the touch current measured in accordance with~7.5.4 shall [not exceed
3,5 mA a.cf or 10 mA d.c.

Compliancg is checked by measurement according to 7.5.4.

For all other PCE, one or more of the following measures shall be_applied, unless the touch current
measured in accordance with 7.5.4 does not exceed 3,5 mA a.c,,or10 mA d.c.

a) Permangntly connected wiring, and:

* a[cross-section of the protective earthing condtictor of at least 10 mm? if copper, or|16 mm? if
aluminum;

or

* aptomatic disconnection of the supply in case of discontinuity of the protective earthing
cornductor;

or
* pfovision of an additional terminal for a second protective earthing conductor of the [same
cross-sectional area as the original protective earthing conductor and installation instfuctions

requiring a seeond protective earthing conductor to be installed.

or

b) Connecfion with an industrial connector according to IEC 60309 and a minimum protective earthing
conductor cross-section of 2,5 mm< as part of a multi-conductor power cable. Adequate strain relief shall
be provided.

In addition, the caution symbol 15 of Annex C shall be fixed to the product and the installation manual
shall provide details of the protective earthing measures required in the installation as required in 5.3.2.

When it is intended and allowed to connect two or more PCEs in parallel using one common protective
earthing conductor, the above touch current requirements apply to the maximum number of PCEs to be
connected in parallel, unless one of the measures in a) or b) above is used. The maximum number of
parallel PCEs is used in the testing and has to be stated in the installation manual.
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Compliance is checked by inspection, and where necessary, by testing in accordance with 7.5.4.

7.3.6.3.7DV DR Modification by adding references to equivalent conductor sizes in AWG

in

accordance with the following:

Add ”(6 AWG)” after 10 mm?; add ”(4 AWG)” after 16 mm? and add "(14 AWG)” after 2,5
mm?2,

7.3.6.4 Protective class || — Double or reinforced insulation

Equipment or parts of equipment designed for protective class Il shall have insulation between live parts

and acces

°ec

prdtective earthing conductor. However this does not apply if the external protective ¢

co

latt

ins

uipment designed to protective class Il shall not have means of connection for th

ductor is passed through the equipment to equipment series-connected.beyond it

that employ protective separation, extra-low voltage, protective impédance and limite

dis
vol

° N
cor

°e

Cor

ins

°e

7.3.7 Insul

7.3.7.1 Ge

This subcls

Manufactuiing toleranees-shall be taken into account during measurement of creepage, cleg

insulation d

Insulation 4

age of the series-connected equipment;

etal-encased equipment of protective class || may have provision on its enclosure
nection of an equipotential bonding conductor;

uipment of protective class || may have provision for the connection of an earthin
ductor for functional reasons or for the damping of overvoltages; it shall, however
Lilated as though it is a live part;

uipment employing protective class*ll shall be marked according to 5.1.8.

htion including clearance andiereepage distances

heral

use gives minimdm requirements for insulation, based on the principles of IEC 60

istances inthe PCE.

hall be selected after consideration of the following influences:

r event, the external protective earthing conductor and its means fdrconnection §
Llated with basic insulation from the accessible surface of the equipment and from

Charging energy, according to 7.3.5. This basic insulation shall.correspond to the

b external
arthing
In the
hall be
circuits

il

ated

for the

be

564.

rance, and

e pollution degree

e overvoltage category

e supply earthing system

°in

sulation voltage

e |location of insulation

* type of insulation
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Compliance of insulation, creepage distances, and clearance distances, shall be verified by measurement
or visual inspection, and the tests of 7.5.

See Annex A for measurement examples. Where this verification is impossible to perform, an impulse
voltage test (see 7.5.1) shall be performed between the considered circuits.

7.3.7.1.1 Pollution degree

Insulation, especially when provided by clearances and creepage distances, is affected by pollution that
occurs during the expected lifetime of the PCE. The pollution degree rating of the PCE or section of the
PCE to be used in judging the requirements of this section shall be the pollution degree determined
according tp6-t=and6-2-

7.3.7.1.2 Qvervoltage category and Impulse withstand voltage rating

The concept of overvoltage categories is applied to each separate circuit in thesPCE, including mains
circuits, PV circuits, and other circuits, whether connected to or isolated from théymains and PV circuits,
as follows:

a) For equipment or circuits energized from the mains, four categories are’considered:

e category IV applies to equipment permanently connected at the origin of an installafion
(upstream of the main distribution board). Examples are electricity meters, primary oercurrent
prgtection equipment and other equipment connecte@/directly to outdoor open lines

NOTE 1 Mains circuits on Outdoor PCE are not necessarily ‘eonsidered OV category 1V. For example, if the point where
an ¢utdoor PCE connects electrically is OVC Il then the.fmains port of the PCE is considered OVC Ill even if the PCE
is opitdoors. However where a long run of outdoor wiring.is required between the OVC Ill connection pointfand the
phygical location of the PCE, transients may be increased back to an OVC IV level, and the PCE designed for OVC I
may not be suitable. Note that the OVC is requirédsto be stated in the installation information provided with) the PCE.

. itegory Il applies to fixed equipment downstream of, and including, the main distrfoution
board. Examples are switchgeartand other equipment in an industrial installation;

e category Il applies to equipment not permanently connected to the installation. Exarmples are
appliances, portable teols and other plug-connected equipment;

e category | applies.to equipment connected to a circuit where measures have been faken to
reduce transientiovervoltages to a low level.

Impulse withstand\voltage ratings for the mains circuit are assigned based on the above OVCj|and on the
mains systém.voltage, as in 7.3.7.1.4.

b) For PV circuits in general, Overvoltage Category Il is assumed, and impulse withstand voltage ratings
for the PV circuit are assigned based on the PV system voltage as in 7.3.7.1.4, but the minimum impulse
voltage to be used is 2 500 V.

c) For PCE with galvanic isolation between the mains and PV circuits, the impulse voltage withstand
ratings of the mains and PV circuits are determined as in a) and b) above, and then the effect of reduction
of OVC across the isolation is evaluated as follows:
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— The magnitude of impulses from the mains circuit on the PV circuit is determined by reducing
the OVC of the mains circuit by one level, and determining the resulting impulse voltage
withstand rating based on mains system voltage.

— The rating to be used on the PV circuit is the higher of the value in b) and the value
calculated above.

— The magnitude of impulses from the PV circuit on the mains circuit is determined by reducing
the OVC of the PV circuit by one level, and determining the resulting impulse voltage withstand

ratin

T
I |

g based on PV system voltage.

cal
NOTE 2 “Red
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relationshig

e fq
rat

* fd
rat

oW
gal
the
of 1
wit

NOTE 5 The

L - & L (| y) - . - - AL | - L ) L - AY ()
1"ne |au||g U T UsSCU UIT IS TTiallis CITUUIU 19 UI1T IIIgIIUI Ul U1 vdadliuc 111 a) alilu uic v
culated above.

Licing the OVC ... by one level’ means selecting the value from one column to the left in Table #42.
e the OVC is already the lowest level (OVCI) the reduction is done by moving up oné row in Table 12
Annex | for examples.

E not providing galvanic isolation between the mains and PV circuits, the impuls
hgs of the mains and PV circuits are determined as in a)-and b) above, and the h

ircuit without galvanic isolation, the impulse withstand voltage rating of the comi

r circuits the impulse withstand voltage.rating is the most severe rating determ
of the circuit under consideration to the PV and mains circuits, according to the f

r circuits connected to the mains without galvanic isolation, the impulse withstand
ng of the mains circuit applies;

ng of the PV circuit applies;

here isolation is provided by means of isolation transformers, optocouplers, or sim
vanic isolation devices, between a considered circuit and an adjacent mains or PV
impulse withstand voltage rating of the considered circuit is reduced by one level
he adjacént-circuit; if more than one adjacent circuit is involved, the highest result
nstand\voltage rating applies.

alue

e withstand
gher of the
pcted to the
ined circuit

ned by the
bllowing:

voltage

r circuits connected to the PV circuit without galvanic isolation, the impulse withstand voltage

ar
circuit,
from that
ng impulse

such circuits

aboyve requirements consider “other circuits” to be inherently free of impulses. The only impulses o

originate in other circuits such as the mains and PV circuits. Examples are battery circuits and diesel generator circuits. However,
where such a source is connected to the system with long cable runs, and particularly long outdoor cable runs, consideration must
be given to the likelihood of these circuits having impulse voltages induced in them by nearby lightning strikes, etc. In these cases
these “other circuits” may inherently have impulse voltages originating within the circuit. Consideration should be given to treating
such circuits in the manner PV circuits are treated above: a minimum 2 500 V impulse withstand voltage rating, which then need to

be compared

to the impulse withstand voltage rating of the adjacent circuits in the above manner.

f) The overvoltage categories determined as above apply from circuits to earth. The overvoltage category
that applies to functional insulation within each circuit is one category lower (less severe) than the
overvoltage category that applies from the circuit to earth.
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g) Application of means to reduce impulse voltages: For basic and functional insulation, if transient
reduction means are provided which reduce impulses to lower values, insulation may be designed for the
reduced impulse levels. The reduced values to be used are the highest impulses occurring in the testing
of 7.5.1.

If such devices are used to reduce the values for design of Basic insulation, and the devices can be
damaged by overvoltages or repeated impulses, thus decreasing their ability to reduce impulses, they
shall be monitored and an indication of their status provided.

NOTE 6 For low-voltage applications, IEC 61643-12 provides information on the selection and use of such devices.

The requirgments—for—doubte—orreinforced—nsutation—shatrmotereduced—whemrmeasures to reduce
impulses afe provided.

7.3.7.1.2DV DE Modification of NOTE 2 by replacing it with the following:

NOTE 2 “Reducing the OVC of the PV circuit by one level” means selecting the value from one column to the left
in Tlable 12.

7.3.7.1.3 Yupply earthing systems
Three basi¢ types of earthing system are described in IEC 60364-1-They are:

* TN system: has one point directly earthed, the a€cessible conductive parts of the|installation
beihg connected to that point by protective conductors. Three types of TN system, TN-C, TN-S
angl TN-C-S, are defined according to the arrangement of the neutral and protective ¢onductors;

e Tl system: has one point directly earthed, the accessible conductive parts of the finstallation
being connected to earth electrodes electrically independent of the earth electrodes df the
poyer system;

IT gystem:  has all live parts jsblated from earth or one point connected to earth thrpugh an
impedance, the accessible conductive parts of the installation being earthed independently or
collectively to the earthing system.
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7.3.7.1.4 Insulation voltages

Table 12 makes use of the circuit system voltage and overvoltage category to define the impulse
withstand voltage and the temporary overvoltage.

Table 12 — Insulation voltage for low voltage circuits

Column 1 2 [ 3 [ 4 [ 5 6
System voltage Impulse withstand voltage Mains circuit
(7.3.7.2) v Temporary overvoltage

(peak / r.m.s.)
(see nofe 5)

Vv Overvoltage category V
1 ] L} v

50 V rms or 71 V dc 330 500 800 1500 17770/ 1250
100 V rms or 141 V dc 500 800 1 500 2 500 1840/ 1300
150 V rms or 213 V dc 800 1 500 2 500 4 000 1910/ 1350
300 V rms or 424 V dc 1 500 2 500 4 000 6 000, 2 120/ 1/ 500
600 V rms or 849 V dc 2 500 4 000 6 000 8 000 2 550 / 1/ 800
1000 V rms or 1 500 V dc 4 000 6 000 8 000 12900 3110/ 2200

NOTE 1 Intefpolation is not permitted in mains circuits, but is permitted in other circuits.

NOTE 2 Thel last row only applies to single-phase systems, or to the phase-to-phasé voltage in three-phase systeni
NOTE 3 Colyimn 6, temporary overvoltages, only applies to mains circuits.

NOTE 4 PV tircuits are in general OVCII with a minimum impulse voltage of 2 500 V — see 7.3.7.1.2b).

NOTE 5 Thepe values are derived using the formula (1 200 V + systemivoltage) from IEC 60664-1.

®

Table 12DV DR Modification of Table 12.by adding a new row for 1500 V rms ¢r 2000 V
dc|with the following values:

[ 2000vhc | 6 000 | 8 000 | 12 000 | 15 000 | 3s{s/2700 |

7.3.7.2 Insplation between a circuit and;its surroundings
7.3.7.2.1 General

Basic, supplementary, and-reinforced insulation between a circuit and its surroundings shall Qe designed
according tp:

* the impul$e voltagesor

* the tempqrary. overvoltage; or

* the working voltage of the circuit.

For creepage distances, the r.m.s. value of the working voltage is used.

For clearance distances and solid insulation the voltage used is as described in 7.3.7.2.2 to 7.3.7.2.4.
The impulse voltage and temporary overvoltage are taken from Table 12.

When using Table 12, the system voltage in column 1 is:
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*in TN and TT systems: the r.m.s. value of the rated voltage between a phase and earth;

NOTE 1 A corner-earthed system is a TN system with one phase earthed, in which the system voltage is the r.m.s.
value of the rated voltage between a non-earthed phase and earth (i.e. the phase-phase voltage).

°in

three-phase IT systems:

— for determination of impulse voltage, the r.m.s. value of the rated voltage between a
phase and an artificial neutral point (an imaginary junction of equal impedances from

each phase);

NOTE 2 For most systems, this is equivalent to dividing the phase-to-phase voltage by 1,732.

NOTE 3 Whe
into account t

73722 (
Clearances

shall be de

NOTE Circuitg
according to 7

7.3.7.2.3 C

Clearances
designed 4

— the syste]
— f
— f

— the impu

e the supply voltage is rectified a.c., the system voltage is the r.m.s. value of the(Saurce a.c. before recti
he supply earthing system.

— for determination of temporary overvoltage, the r.m.s. value of the ratedvo
between phases;

ircuits connected directly to the mains

, which are connected to the mains via protective impedances, according to 7.3.5.3, or via means of vol
.3.5.4, are not regarded as connected directly {d-the mains.

ircuits other than mains circuits

and solid insulation betwgen circuits other than the mains and their surroundin
ccording to impulse voltage and recurring peak voltage, according to the following

Im voltage is
br PV circuits,, the max rated PV open circuit voltage;
br other’Cireuits, the working voltage;

se\voltage is determined from Table 12, using the system voltage above and a

tage

single-phase IT systems: the r.m.s. value of the rated voltage betweén)phase comnductors.

ication, taking

and solid insulation between circuits connected directly to the mains and their syirroundings
Signed according to the impulse voltage, temporaryovervoltage, or working voltage|
gives the njost severe requirement.

whichever

age limitation,

gs shall be

ccording to

7.3.7.1.2;

— the working voltage or the impulse voltage, whichever gives the more severe requirement, determines

the design

of the clearances and solid insulation.
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7.3.7.2.4 Insulation between circuits

Insulation between two circuits shall be designed according to the following:

a) for clearances and insulation, the requirements are determined by the circuit having the higher impulse

voltages;

b) for creepages, r.m.s. working voltage across the insulation determines the requirements.

7.3.7.3 Functional insulation

For insulati
for insulatiq

The overva

For parts g
working vo

For parts o
to the appl

7.3.7.4 Cle

73741 L

Table 13 d¢fines the minimum clearance distances required to provide functional, basic, or sup

insulation (

Clearances
Table A.2 ¢

To determi

higher impuilse voltage, or 1,6 times-the temporary overvoltage, or 1,6 times the working voltg

used, whic

The compl
performing

T H ik (4 ) I} £ b [ L H T Y
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n requirements is determined as follows:

ltage category shall be determined as in 7.3.7.1.2.

tage across the insulation.

I circuits in overvoltage category I, I, or IV, functional insulation shall be designe
cable impulse voltage as determined by 7.3.7.1.4.

arance distances

etermination

see Annex A for examples of clearance, distances).

for use in altitudes above 2 000-m"shall be calculated with a correction factor a
f IEC 60664-1, which is reprodiced for convenience in Annex F.

he clearances for reinforced insulation from Table 13, the value corresponding
hever results in the_most severe requirement.

ance of clearances shall be verified by measurement, visual inspection and if ne
the impulse.voltage test of 7.5.1 and the a.c. or d.c voltage test of 7.5.2.

pltage used

r circuits in overvoltage category I, functional insulation shall be designed according to the

j according

plementary

ccording to

to the next
ge shall be

cessary by
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Table 13 — Clearance distances

Column 1 2 3 4 5 6
Impulse Temporary overvoltage Working voltage Minimum clearance
voltage

(Table 12 and (peak value) (recurring peak) mm
7.3.7.1.4) | for determining insulation | for determining insulation Pollution degree
between circuits and their | between circuits and their
surroundings surroundings
or
Working voltage
{recurring peak)
for determining functional
insulation
Vv Vv Vv 1 2 3
N/A <110 <71 0,01 0,202 0,80
N/A 225 141 0,01 0,20 0,80
330 340 212 0,01 0,20 0,80
500 530 330 0,04 0,20 0,80
800 700 440 0340 0,20 0,80
1 500 960 600 0 50 0 50 0 80
2 500 1 600 1 000 1,5
4 000 2 600 1 600 3,0
6 000 3 700 2 300 5,5
8 000 4 800 3 000 8,0
12 000 7 400 4 600 14,0
NOTE 1 Intefpolation is permitted.
NOTE 2 Examples of clearance distances are given in AnnexA.
NOTE 3 Clegrances for Temporary overvoltage and Working voltage have been derived from Table A.1 of IEC 606p4-1. In
column 2, the voltage is approximately 80 % of the withstand voltage; in column 3, the voltage is approximately 50 [% of the
withstand voftage.
20,1 mm on|PWB.

Table 13DV DR Modification of Table 13 by adding new rows below 12 000 V:

15 000
40 000

9 180
12 000

5730
7 500

18
25
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7.3.7.4.2 Electric field homogeneity

The dimensions in Table 13 correspond to the requirements of an inhomogeneous electric field distribution
across the clearance, which are the conditions normally experienced in practice. If a homogeneous
electric field distribution is known to exist, and the impulse voltage is equal to or greater than 6 000 V for
a circuit connected directly to the mains or 4 000 V within a circuit, the clearance may be reduced to not
less than that required by Table F.2 Case B of IEC 60664-1. In this case, however, the impulse voltage

test of 7.5.1 shall be performed on the clearance.

7.3.7.4.3 Clearance to conductive enclosures

The cleargnce—betweemany non-insutated—tivepart—and—the—watts—ofa—metat—enctosure—

accordance

If the desig
the deform

7.3.7.5 Cr¢epage distances

with 7.3.7.4.1 following the deformation tests of 13.7.

N clearance is at least 12,7 mm and the clearance required by 7.3.7.4.1does not ex
ption tests may be omitted.

shall be in

teed 8 mm,

7.3.7.5.1 General

Creepage fistances shall be large enough to prevent long-term ‘degradation of the surface of solid
insulators, pccording to Table 14.

For functiopal, basic and supplementary insulation, the values in Table 14 apply directly. Fof reinforced
insulation, the distances in Table 14 shall be doubled.

When the dreepage distance determined from Table 14 is less than the clearance required by [7.3.7.4.1 or
the clearance determined by impulse testing (se€+7.3.7.4.2), then it shall be increased to tha{ clearance.
Creepage fistances shall be verified by measurement or inspection (see Annex A for ekamples of
creepage distances).

7.3.7.5.2 \foltage

The voltagpe in column 1 of Table 14 is the r.m.s. value of the working voltage across th¢ creepage
distance. Inpterpolation is permitted.
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7.3.7.5.3 Materials

Insulating materials are classified into four groups corresponding to their comparative tracking index (CTI)
when tested according to 6.2 of IEC 60112:

* Insulating material group |
* Insulating material group Il

* Insulating material group llla

CTI > 600;
600 > CTI > 400;

400 > CTI 2 175;

e |r auiatillg materiat group i +75—=CTH=>166-
Creepage (distances on printed wiring boards (PWBs) exposed to pollution degree (3y enyironmental
conditions ghall be determined based on Table 14 Pollution degree 3 under “Other insulators].
If the creepage distance is ribbed, then the creepage distance of insulating material of group | may be
applied when using insulating material of group Il and the creepage distance" of insulating [material of
group Il mgy be applied when using insulating material of group III.
Except at pollution degree 1 the ribs shall be 2 mm high at least. The ‘Spacing of the ribs shgll equal or
exceed the|dimension ‘X’ in Annex A Table A.1.
For inorgariic insulating materials, for example glass or ceranti¢, Which do not track, the creepape distance
may equal the associated clearance, as determined from Table 13.
Table 14 — Creepagé”distances (mm)
Column 2 3 4 | 5 - e | 7 | 8 | 9 | 10 11 12
PWBs? Other insulators
RMS Pollution degree Pollution degree
Working
Voltage
(7.3.7.5.2|) 1 2 1 2 3
Insulating material group Insulating material|group
v b c b I I ma [ mo I Il ma | 1o
<2 0,025 | 004 | 0056 | 035 0,35 0,35 0,87 0,87 0,87
5 0,025 4\'0,04 | 0,065 | 0,37 0,37 0,37 0,92 0,92 0,92
10 0,025, 0,04 0,08 0,40 0,40 0,40 1,0 1,0 1,0
25 0,025 | 004 | 0,125 | 0,50 0,50 0,50 1,25 1,25 1,25
32 0,025 | 0,04 0,14 0,53 0,53 0,53 1,3 1,3 1,3
40 0,025 | 0,04 0,16 0,56 0,80 1,1 1,4 1,6 1,8
50 0,025 | 0,04 0,18 0,60 0,85 1,20 1,5 1,7 1,9
63 0,04 | 0,063 [ 0,20 0,63 0,90 1,25 1,6 1,8 2,0
80 0,063 | 0,10 0,22 0,67 0,95 1,3 1,7 1,9 2,1
100 0,10 0,16 0,25 0,71 1,0 1,4 1,8 2,0 2,2
125 0,16 0,25 0,28 0,75 1,05 1,5 1,9 2,1 2,4
160 0,25 0,40 0,32 0,80 1,1 1,6 2,0 2,2 2,5
200 0,40 0,63 0,42 1,0 1,4 2,0 2,5 2,8 32
250 0,56 1,0 0,56 1,25 1,8 2,5 32 3,6 4,0
320 0,75 1,6 0,75 1,6 2,2 3,2 4,0 4,5 5,0
400 1,0 2,0 1,0 2,0 2,8 4,0 5,0 5,6 6,3

Table 14 — Creepage distances (mm) Continued on Next Page
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Table 14 — Creepage distances (mm) Continued
Column 1 2 | 3 4 | 5 | 6 | 7 | 8 | 9 | 10 11 12
PWBs? Other insulators
RMS Pollution degree Pollution degree
Working
Voltage
(7.3.7.5.2) 1 2 1 2 3
Insulating material group Insulating material group
\J b c b | 1l llla | b | Il llla b
500 1,3 2,5 1,3 25 3,6 5,0 6,3 7.1 8,0
630 T.8 3,2 T.8 3,2 TS B,3 8,0 9,0 10,0
800 2,4 4,0 2,4 4,0 5,6 8,0 10,0 11 12, d
1000 3.2 5,0 3.2 5,0 71 10,0 12,5 14 16
1250 4,2 6,3 4,2 6,3 9 12,5 16 18 20
1 600 e e 5,6 8,0 11 16 20 22 25
2 000 7,5 10,0 14 20 25 28 32
2 500 10,0 12,5 18 25 32 36 40
3200 12,5 16 22 32 40 45 50
4 000 16 20 28 40 50 56 63
5 000 20 25 36 50 63 71 80
6 300 25 32 45 63 80 90 10(
8 000 32 40 56 81 100 110 125
10 000 40 50 71 100 125 140 16(
@ These columns also apply to components and parts on PWBs, and to-other creepage distances with a comparablg control of
tolerances.
b All material groups.
¢ All material| groups except Illb.
d Insulating materials of group Illb are not normally recommended for pollution degree 3 above 630 V.
€ Above 1 240 V use the values from columns 4 to 11,-as appropriate.
NOTE Interpplation is permitted.
7.3.7.6 Copting
A coating npay be used to provide insulation, to protect a surface against pollution, and to allow|a reduction
in creepagé and clearance distances (see 7.3.7.8.4.2 and 7.3.7.8.6).
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7.3.7.7 PWB spacings for functional insulation

Spacings for functional insulation on a PWB which do not comply with 7.3.7.4 and 7.3.7.5 are permitted
when all the following are satisfied:

e the PWB has flammability rating of V-0 (see IEC 60695-11-10); and

e the PWB base material has a minimum CTI of 175; and

* the equipment complies with the PWB short-circuit test (see 4.4.4.14).

On a PWB
V (r.m.s.) d
tracks are

7.3.7.8 So
7.3.7.8.1 G

Materials s

crecyayc culu' b:ccllal 1T u'iatcu ILCS fUI fuuu‘l'uual' I’llDul’al‘l’Ull at VVUI:’\iIIy VU;ta.be :t
r 110 V (recurring peak) are permitted to be evaluated according to Pollution,deg
covered with a suitable coating. The coating is not required to be tested.

id insulation

eneral

blected for solid insulation shall be able to withstand the stresses occurring in the

These inclyde mechanical, electrical, thermal and climatic stresses which are to be expecte

use. Insula

Tests shall
the insulati

Componen
those of th
be tested 4
7.3.7.8.2 H
7.3.7.8.2.1

Solid insul3
a.c. or d.c.

In addition,
if the recur
the insulati

ion materials shall also be resistant to ageing during the-expected lifetime of the F

be performed on components and subassemblies<using solid insulation, in order to
bn performance has not been compromised by-the design or manufacturing proce

s that comply with a relevant component.standard that provide equivalent requ
s standard do not require separate evaluation. Assemblies containing such compg
ccording to the requirements of this standard.

equirements for electrical withstand capability of solid insulation

Basic, supplemental, reinforced, and double insulation

ition shall withstand‘the applicable impulse withstand voltage test according to 7.
voltage test accarding to 7.5.2.

double and.reinforced insulation shall withstand the partial discharge test accordi
ing peakworking voltage across the insulation is greater than 700 V and the voltad
bn is greater than 1 kV/mm.

ss than 80
ree 1 if the

Application.
d in normal
PCE.

ensure that
bS.

rements to
nents shall

b.1 and the

ng to 7.5.3,
e stress on

Compliancg is_shown by impulse withstand voltage test according to 7.5.1 and the a.c. or d.c.

voltage test

according to 7.5.2, and partial discharge testing according to 7.5.3 if applicable.

NOTE The voltage stress is the recurring peak voltage divided by the distance between two parts of different potential.

These tests shall be performed as type tests except the voltage test is also performed as a routine test.
In addition, a sample test shall be performed if the insulation consists of a single layer of material. The
sample test may be omitted on parts that comply with a relevant standard (see 14.1) and are
manufactured under a quality control system.

Double insulation shall be designed so that failure of the basic insulation or of the supplementary
insulation will not result in reduction of the insulation capability of the remaining part of the insulation
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7.3.7.8.2.2 Functional insulation
Functional insulation shall comply with the requirements of 7.3.7.3. Testing is not required.

7.3.7.8.3 Thin sheet or tape material

7.3.7.8.3.1

General

This section applies to the use of thin sheet or tape materials in assemblies such as wound components

and bus-ba

rs.

Insulation ¢
protected f

Where more than one layer of insulation is used, there is no requirement for all layers 16 be

material.

NOTE One layer of insulation tape wound with more than 50 % overlap is considered to constitlite two layers.

Thin sheet
7.3.7.8.3.2

7.3.7.8.3.2

e Basic ¢
impulse an

Double

a.c. or d.d

requiremen
voltage tes

Reinfor
d.c. voltagd

NOTE The re
permitted to b

7.3.7.8.3.3

Basic @

Ullbibtilly Uf t:l;ll (:UDD t: Iart 0,7 IIIIII) D: IUUt Ul tapc Illdtcliaib ib pcllllittcu‘, }.)H.)ViuI
om damage and is not subject to mechanical stress under normal use.

or tape material shall comply with the requirements for sqlid\insulation in 7.3.7.8
or 7.3.7.8.3.3 as applicable.

Material thickness not less than 0,2 mm

r supplementary insulation shall consist of at least one layer of material, and shg
d a.c. or d.c. voltage test requirements of 7.3:7:8.2.1 for basic or supplementary in

insulation shall consist of at least two layers of material. Each layer shall meet the i
voltage test requirements of 7.37.8.2.1 for basic insulation, and the partia
ts of 7.3.7.8.2.1. The two or more layers together shall meet the impulse and
requirements of 7.3.7.8.2.1 for‘double insulation.

ced insulation shall consistiof a single layer of material, which will meet the impt
, and partial discharge test requirements 7.3.7.8.2.1 for reinforced insulation.

huirements of this subclause indicate that double insulation will be at least 0,4 mm thick, while reinforcq
e 0,2 mm thick.

impulse an

ed that it is

f the same

1 and with

Il meet the

sulation.

mpulse and

discharge

a.c. or d.c.

Ise, a.c. or

d insulation is

Material thickness less than 0,2 mm
r supplementary insulation shall consist of at least one layer of material, and shgll meet the
Ha,c. or d.c. voltage test requirements of 7.3.7.8.2.1 for basic or supplementary insulation.

Double insulation shall consist of at least three layers of material. Each layer shall meet the impulse

and a.c. or d.c. voltage test requirements of 7.3.7.8.2.1 for basic insulation Any two layers together shall
meet the impulse, a.c. or d.c. voltage, and partial discharge test requirements of 7.3.7.8.2.1 for double

insulation.

Reinforced insulation consisting of a single layer of material less than 0,2 mm thick is not permitted.
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7.3.7.8.3.4 Compliance
Compliance is checked by the tests described in 7.5.1 to 7.5.3 applied according to 7.3.7.8.2.

When a component or sub-assembly makes use of thin sheet insulating materials, it is permitted to

perform the tests on the component rather than on the material.

7.3.7.8.4 Printed wiring boards (PWBs)

7.3.7.8.4.1 General
Insulation = = metal core
PWBs, shalll meet the requirements for solid insulation in 7.3.7.8.
For the inngr layers of multi-layer PWBs, the insulation between adjacent tracks on,the/samgq layer shall
be treated ps either:
* a|creepage distance for pollution degree 1 and a clearance as in air (see Annex A, [figure
A.13); or
e ap solid insulation, in which case it shall meet the requirenients of 7.3.7.8.
7.3.7.8.4.2| Use of coating materials
A coating material used to provide a microenvironment or to provide functional, basic, supplenpentary and
reinforced Insulation shall meet the requirement as specified below.
Type 1 protection (as defined in IEC 60664-3) improves the microenvironment (Pollution Degree) of the
parts undef protection. The clearance and creepage distance of Table 13 and Table 14 fpr pollution

degree 1 &
conductive

pply under the protection. Between\two conductive parts, it is a requirement that
parts, together with all the spacing between them, are covered by the protection.

Type 2 pro
solid insul

ection is considered to be\similar to solid insulation. Under the protection, the requi
ion specified in 7.3.7.8are applicable and spacings shall not be less than those

Table 1 of |JEC 60664-3. The reguirements for clearance and creepage in Table 13 and Tabl
apply. Between two conductive parts, it is a requirement that both conductive parts, togeth
spacing between them, are)covered by the protection so that no airgap exists between thé
material, the conductive parts and the printed wiring boards.

The coating material used to provide Type 1 and Type 2 protection shall be designed to wi
stresses arfticipated to occur during the expected lifetime of the PCE.

bne or both

rements for
specified in
e 14 do not
er with the
b protective

thstand the

Compliance is checked by a type test on representative PWB’s, conducted according to |

C 60664-3

Clause 5. For the Cold test (5.7.1), a temperature of —25 °C shall be used, and for the rapid change of
temperature test (5.7.3): —25 °C to +125 °C, except that if the temperature rating of the PCE is lower than
—25 °C, the low temperature limit for the test is reduced to the rating of the PCE.
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7.3.7.8.5 Wound components

Varnish or enamel insulation of wires shall not be used for basic, supplementary, double or reinforced

insulation.

Wound components shall meet the requirements of 7.3.7.8.1 and 7.3.7.8.2.

The component itself shall pass the requirements given in 7.3.7.8.1 and 7.3.7.8.2. If the component has
reinforced or double insulation, the voltage test in 7.5.2 shall be performed as a routine test.

7.3.7.8.6 Potting materials

A potting m
If used as
protect aga

7.3.7.9 Ins

Where vo
considerati
and the req

Annex G ¢
circumstan

7.3.8 Resi
RCD and H

some dom
equipment.

aterial may be used to provide solid insulation or to act as a coating to protect again
solid insulation, it shall comply with the requirements of 7.3.7.8.1 and 7,3.7,8.2
inst pollution, the requirements for Type 1 protection in 7.3.7.8.4.2 apply;

ulation requirements above 30 kHz
tages across insulation have fundamental frequencies gréater than 30 Kk
bns apply. Requirements for this are provided in IEC 60664:4;/and the more seve

uirements of 7.3.7.1 to 7.3.7.8 shall be applied.

ontains flow-charts for the determination of clearancé and creepage distances U
Ces. For convenience, Tables 1 and 2 of IEC 60664-4 are also included in Annex

Hual Current Detection (RCD) or Monitoring (RCM) device compatibility

RCM devices are used to provide protection against insulation faults in a.c. suppl
estic and industrial installations, .ip>;addition to any protection provided by th

An insulati

d.c. compdnent to flow and thus reduce the ability of an RCD or RCM of type A or AC to

protection

Pluggable {ype A PCE shall’be*designed so that, under normal and single-fault conditions, a
d.c. compdnent in the residual current does not exceed the d.c. current withstand requirem
60755 and|IEC 62020«forRCD and RCM of type A.

PCE that ig pluggable type B or fixed equipment, may have a d.c. residual current componen
excess of the d.c) current withstand requirements in IEC 60755 and IEC 62020 for RCD and H
A, if the infprmation required by 5.3.2 item [) is provided in the installation instructions.

n fault or direct contact withleertain types of PCE circuits can cause residual cu

r other equipment in the/installation (see IEC 60755 and IEC 62020).

st pollution.
If used to

Hz, further
re of these

nder these

™

3.

y circuits in
e installed

rent with a
brovide this

Ny resulting
bnts in IEC

I present in
CM of type

Compliance is checked by inspection if the installation instructions, and by the following measurements,
to be performed under normal conditions, and during any fault conditions which may result in risk of a d.c.
residual current component in the AC current. Faults are selected by analysis of the schematic.

The residual current in the AC input and/or output circuit is measured using a meter or power analyzer or
other instrument that can detect only the d.c. component of the residual current. The resulting d.c. residual
current component is compared to the limits in IEC 60755 or IEC 62020 as appropriate.
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NOTE 1 RCDs of type A according to IEC 61008-1 and IEC 61009-1 are able to tolerate 6 mA smooth d.c. current while keeping
their protective functionality, however depending on the design RCD manufacturers may declare much higher values for their
products.

NOTE 2 This requirement may be met by protective means in the PCE, for example by incorporating means to disconnect the PCE

from the mains in case of excessive d.c. current component.

NOTE 3 Anne

x E gives guidelines to assist with the selection of the RCD or RCM type.

NOTE 4 For design and construction of electrical installations, care should be taken with RCD of Type B. All the RCD upstream

from an RCD

of Type B up to the supply transformer should be of Type B.

7.3

In
7.3.9 Prote
7.3.9.1 Op

Equipment
charge aftg

In the case|
withdrawal
voltage to

7.3.5.3.2,

Compliancg is checked by inspection of the equipment and relevant circuit diagrams, taking i

the possibi

voltage with respect to time after disconnection of the source. For a.c. sources, disconnection

of the a.c.
7.3.9.2 Se

Capacitors
installation

after discomnection of the-PCE.

Capacitors
level below
requiremern

L8DV DR Modification:

he fourth paragraph, replace “item | with “item n.”
ction against shock hazard due to stored energy
erator access area

shall be so designed that there is no risk of electric shock in operator access areas
r disconnection of the PCE.

of plugs, connectors, or similar devices that can be’disconnected without the use o
of which results in the exposure of conductors\(e.g. pins), the discharge time to
DVC A (see 7.3.2.2) or, for capacitors, to a stored charge level below the limits
hall not exceed 1 s.

ity of disconnection with any switch in either position, and if necessary by me
oltage waveform is required.

vice access areas

and other energystorage devices located behind panels that are removable fo

or disconnection shall present no risk of electric shock or energy hazard from stq

withinna-PCE shall be discharged to a voltage less than DVC A (see 7.3.2.2), o}
the_limits specified in 7.3.5.3.2, within 10 s after the removal of power from the
t'is)not achievable for functional or other reasons, the warning symbol 21 of Anne

from stored

f a tool, the
reduce the
specified in

hto account
asuring the
at the peak

r servicing,
red charge

an energy
PCE. If this
x C and an

indication of the discharge time shall be placed in a clearly visible position on the enclosure, the capacitor
protective barrier, or at a point close to the capacitor(s) concerned (depending on the construction) (see
5.2.2.4).

For energy storage devices (such as batteries or ultracapacitors) the intended function of which is to
maintain charge even with the PCE off and disconnected from external sources, a barrier or insulation
shall be provided so that unintentional contact with hazardous live parts is prevented. The warning symbol
21 of Annex C shall be placed in a clearly visible position on or adjacent to the barrier or insulation, where
it will be seen before removal of the barrier or insulation.
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Compliance is checked by inspection of the equipment and relevant circuit diagrams, taking into account
the possibility of disconnection with any switch in either position and non-operation of periodic power
consuming devices or components within the PCE. If the discharge time cannot be accurately calculated,
the discharge time shall be measured.

7.4 Protection against energy hazards

7.4.1 Determination of hazardous energy level

A hazardous energy level is considered to exist if:

a) the volt

Compliance is checked by calculations or by the following test:
With the equipment operating under normal operating conditions, a variaple resistive Joad is
connected to the parts under consideration and adjusted to obtain a level,of 240 VA.|Further
adjustment is made, if necessary, to maintain 240 VA for a period of 60's. If the voltgge is 2 V

or more, the output power is at a hazardous energy level, unless anovercurrent prot¢ctive
deyice opens during the above test, or for any other reason the\pewer cannot be maintained at

240 VA for 60 s;

Or

b) the storgd energy in a capacitor is at a voltage, U of 2 \l\or more, and the stored energy, E| calculated
from the following equation, exceeds 20 J:

Ez05CU?

whEre

E i$ the energy, in joules (J);

C ip the capacitance, in farads (F);

U i the measured volfage on the capacitor, in volts (V).
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7.4.2 Operator access areas

Equipment shall be so designed that there is no risk of energy hazard in operator access areas from
accessible circuits.

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

The likelihood of bridging the parts under consideration shall be determined. Compliance is shown by
means of the test finger of Figure D.1, in a straight position. If it is possible to bridge the parts with this

test finger,

a hazardous energy level shall not exist.

Barriers, gu
limiting the

7.4.3 Serv

ards, and similar means preventing unintentional contact may be provided as an-a
energy.

Ce access areas

Energy storage devices located behind panels that are removable for)servicing, inst

disconnect
PCE.

Energy sto
within 10 s
other reasg
in a clearly
storage de

For energy

on shall present no risk of electric energy hazard from charge stered after disconne

fage devices within a PCE shall be discharged to an energy level less than 20 J,
after the removal of power from the PCE. If this requirement is not achievable for f
ns, the warning symbol 21 of Annex C and an indication of the discharge time sha
visible position on the enclosure, the protective barrier, or at a point close to
ice(s) concerned (depending on the construction).

storage devices (such as batteries or ultracapacitors) the intended function of

maintain charge even with the PCE off and digsconnected from external sources, a barrier g

shall be pr
warning sy
insulation,

bvided so that unintentional contaet with parts at a hazardous energy level is prev
mbol 21 of Annex C shall be placed in a clearly visible position on or adjacent to th
where it will be seen before rémoval of the barrier or insulation.

Compliancg is checked by inspection’ of the equipment and relevant circuit diagrams, taking i

the possibi
consuming
the discharn

ity of disconnectioniywith any switch in either position and nonoperation of peri
devices or components within the PCE. If the discharge time cannot be accurately
ge time shall be measured.

ternative to

hllation, or
ction of the

as in 7.4.1,
inctional or
| be placed
the energy

which is to
r insulation
ented. The
e barrier or

nto account
odic power
calculated,
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7.5 Electrical tests related to shock hazard

7.5.1 Impulse voltage test (type test)

The impulse voltage test is performed with a voltage having a 1,2/50 ys waveform (see Figure 6 of IEC
60060-1) and is intended to simulate overvoltages induced by lightning or due to switching of equipment.
See Table 15 for conditions of the impulse voltage test.

Tests on clearances smaller than required by Table 13 (as allowed by 7.3.7.4.2) and on solid insulation
are performed as type tests using appropriate voltages from Table 16.

Tests on ¢
assembled
stress app
listed in co

Where tran
the reducti
applied to

re they are

into the PCE, unless the test can be performed on the completed PCE withoutr¢ducing the

ied to the protective separation. Testing is performed using the impulse withsta
umn 3 or column 5 of Table 16.

sient limiting means is used to reduce impulse voltage levels as in_paragraph g) ¢
bn provided is verified by a type test. The values of column 2 on column 4 in Table 16 are
the PCE, and measurements are made in the circuit after thetransient limiting

determine {he level to which transients have been reduced.

If it is nece
(using Tab
distance, u

5sary to test a clearance that has been designed for altittides between 2 000 m an
e A.2 of IEC 60664-1), the appropriate test voltagevmay be determined from the clearance
5ing Table 13 in reverse.

Table 15 — Impulse‘voltage test

d voltages

f7.3.7.1.2,

means, to

d 20 000 m

Subject Test conditions

Test referenge Clause 19, 20.4.1 and Figure 6 of IEC 60060-1; 6.1.2.2.1 of IEC 606641

Requirement{ reference According t0°7.3.4.3, 7.3.5.3 and 7.3.7

Preconditionjng Live parts-belonging to the same circuit shall be connected together. Protective
impedances shall be disconnected unless required to be tested. Impulsq voltage to
be‘applied 1) between circuit under test and the surroundings and 2) befween
circuits to be tested. Power is not applied to circuits under test.

Initial measufement According to specification of PCE, component, or device

Test equipment Impulse generator 1,2/50 ps with an effective internal impedance not higher than 2
Q for testing clearances and 500 Q for testing solid insulation and comppnents.

Measuremer]t and verificatiof a) b)
Clearances smaller than required by Solid reinforced insulation
Table 7
Clearances reduced by overvoltage Clearances, components and devices for

limiting means or by circuit protective separation

characteristics

Test voltage

Solid basic or supplementary insulation

Three pulses 1,2/50 ps of each polarity in > 1 s interval, peak voltage (+ 5 %)

according to:
column 2 or column 4 of Table 16
When the test is carried out on a clearance at an altitude less than 2 00

voltage shall be increased according to Table F.5 of IEC 60664-1, which is

reproduced as Table F.2 of this international standard.

column 3 or column 5 of Table 16

0 m, the test

Compliance is checked via application of the impulse voltage test and is successfully passed if no
puncture, flashover, or sparkover occurs.
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Table 16 — Impulse test voltage

Column 1

2

[ 3

4

5

System voltage
(see 7.3.7.2.1)

Impulse withstand voltage for insulation
between circuits not connected directly to the
mains and their surroundings according to
overvoltage category Il

Impulse withstand voltage for insulation
between circuits connected directly to the
mains and their surroundings according to

overvoltage category Il

Basic or Reinforced Basic or Reinforced
supplementary supplementary
V r.m.s. \'; \'/ \'; Vv
<50 500 800 800 1 500
100 800 1 500 1500 2 500
150 1 500 2 500 2 500 4, D00
300 2 500 4 000 4 000 6 poo
600 4 000 6 000 6 000 8 poo
1 0p0 6 000 8 000 8 000 12000

Interpolation is permitted

InterpolationZis not permitt

bd

12.

NOTE Test voltages for overvoltage categories |
and Il can be derived in a similar way from Table

12.

NOTE Test voltages, for overvoltage gategories I
and IV can becdetived in a similar waly from Table

Table 16DV DR Modification of Table 16 by replacing it*with the following:

Table 16DV — Impulse test voltage

Colun 1 2 | 3 4 5
System poltage Impulse withstand voltage for insutation Impulse withstand voltage for ipsulation
(see 7.37.2.1) between circuits not connected directly to the between circuits connected dire¢tly to the
mains and their surroundings according to mains and their surroundings acfording to
overvoltage category I overvoltage category Il
Basic or Reinforced Basic or Reinforced
supplementary supplementary
V Vv Vv Vv v
50 Vrms qr 71 V dc 500 800 800 1 p00
100 V rms qr 141 V dc 800 1500 1500 2 p00
150 V rms qr 213 V dc 1 500 2 500 2 500 4 P00
300 V rms qr 424 V dc 2500 4 000 4 000 6 P00
600 V rms qr 849 V dc 4 000 6 000 6 000 8 P00
1000V rmcr or 1500 6 000 8 000 8 000 12|000
V dc
2 000|V dc 8 000 12 000 12 000 16/000

Interpolation is permitted

Interpolation is not permitted

NOTE Test voltages for overvoltage categories
L and Il be derived | il A

Table 12.

NOTE Test voltages for overvoltag

b categories

L1l and IV _can be derived in a similal
Table 12.

r way from
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7.5.2 Volta

ge test (dielectric strength test) (type test and routine test)

7.5.2.1 Purpose of test

The test is used to verify that the clearances and solid insulation of components and of assembled PCE
has adequate dielectric strength to resist overvoltage conditions. Routine tests are performed to verify that
clearances and solid insulation have not been omitted, reduced, or damaged during the manufacturing

operations.
7.5.2.2 Val

The value

S .
whether th£ circuit under test is mains connected or not mains connected.

The test va

Between ci
shall be ap
column2s
the solid in

The values
accessible
earthing co

The voltag
capacitors
7.5
Ad

fro|
tim

system voltage.”

Ta

alsjo Annex |.

ue and type of test voltage

ltage from column 2 is used for testing circuits with basic insulation.

rcuits with protective separation (double or reinforced insulation), the. test voltage
blied for type tests. For routine tests between circuits with protective separation the
hall be applied, to prevent damage to the solid insulation due to causing partial disch
Sulation.

of column 3 shall apply to circuits with protective, separation, and between ¢
surfaces of PCE, which are non-conductive or conductive but not connected to th
nductor.

b test shall be performed with a sinusoidal voltage at 50 Hz or 60 Hz. If the circ

2.2DV D1 Modification by adding the following:
the following to the end of-the first paragraph “For PCE circuits that are not

the mains by at least'simple separation, the considered circuit is tested a
e as the mains circuit;using a value determined from Table 17 based on

ble 18 is applicable for circuits isolated from mains with at least basic insu

nding upon

bf column 3
Values from
arge within

ircuits and
b protective

Lit contains

he test may be performed with a d.c. voltage-of a value equal to the peak value of the specified
a.c. voltagg.

separated
I the same
the mains

ation. See
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Table 17 — AC or DC test voltage for circuits connected directly to the mains

Column 1 2b 3b
System voltage Voltage for type testing circuits with basic Voltage for type testing circuits with
(see 7.3.7.2.1) insulation, and for all routine testing protective separation, and between circuits

and accessible surfaces (non-conductive or
conductive but not connected to protective
earth, protective class Il according to 7.3.6.4 )

a.c.rm.s.? d.c. a.c. r.m.s. d.c.
Vv Vv Vv Vv Vv
<50 1250 1770 2 500 3 540
100 1300 1840 2 600 3 680
150 1 350 1910 2 700 8, B20
300 1 500 2120 3 000 4 p40
600 1 800 2 545 3 600 5 P90
1 0p0 2 200 3110 4 400 6 P20
NOTE Interpplation is permitted.

@ Correspondling to 1 200 V + system voltage.
b A voltage qource with a short-circuit current of at least 0,1 A according to 5.2.2.2 of IEC 611801 is used for this test.

lele 18 — a.c. or d.c. test voltage for circuits not connected directly to the mains

Columpn 1 22 32
Working|voltage Voltage for type testing circuits with basic Voltage for type testing circuits with
(recurring peak) insulation, and for all routine testing protective separation, and between circuits
(see 7.317.2.3) and accessible surfaces (non-corductive or
conductive but not connected to [protective
earth, protective class Il according to 7.3.6.4)
a.c. r.m.s. d.c. a.c. r.m.s. d.c.
V Vv Vv Vv v
< 80 110 160 220
1411 160 225 320 450
21p 240 340 480 680
330 380 530 760 1100
440 500 700 1 000 1 #00
600 680 960 1400 1 P00
1 0p0 1)100 1 600 2 200 3 P00
1 6p0 1 800 2 600 2 900 4 P00

NOTE 1 Intefpolation is permitted.

NOTE 2 Test voltages.inthis table are based upon 80 % of the withstand voltage for the corresponding clearance ¢f Table 12
as provided by Table A.1 of IEC 60664-1.

a A voltage douree with a short-circuit current of at least 0,1 A according to 5.2.2.2 of IEC 61180-1 is used for this test.

Ta ificati Y i Wi W TOWS | e with
the following:
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2 300
3 000

2 600
3 400

3 700
4 800

4 200
5 400

5900
7 700

7.5.2.3 Humidity pre-conditioning

For type tests on PCE for which wet locations requirements apply, according to 6.1, the humidity
pre-conditioning of 4.5 shall be performed immediately prior to the voltage test.

7.5.2.4 Performing the voltage test

The test shall be applied as follows, according to Figure 13:

a) Test

(except DVIC A circuits). Test voltage according to Table 17 and Table 18, column 2; 'corres

voltage of

Test (2) be
circuit seqy
(for type te

b) Testh
Test voltag
under test.

c) TestHh

17 and Talle 18 column 3 (for type test) or column 2 (for routine test), corresponding to the
voltage. Either the adjacent circuit or the«DVC A circuit may be earthed for this tgst. If basic

the higher
insulation is
functional i
to be teste

It may not

1) between accessible conductive part (connected to earth) and each circuits
onsidered circuit under test.

ween accessible surface (non conductive or conductive but not connected to earth
entially (except DVC A circuits). Test voltage according to Table 17 and Table 1§
5t) or column 2 (for routine test), corresponding to voltage of considered circuit un
ctween each considered circuit sequentially and the other adjacent circuits connecte
e according to Table 17 and Table 18, column 2, corresponding to voltage of consig

etween DVC A circuit and each adjacent circuit’sequentially. Test voltage accordi

required between adjacent DVC A circuits, the basic insulation is required to be teg
.

be possible to perform typetests of protective insulation at voltages according to ¢

bequentially
sponding to

) and each
, column 3
Her test.

bd together.
ered circuit
ng to Table

circuit with

ted. Where

nsulation is permitted between adjaceht'DVC A circuits, that functional insulation is mot required

olumn 3 of

Table 17 gnd Table 18 without overstressing Basic insulation between the circuits under t¢st and the

chassis. In
voltages ad

these cases the type.test of insulation used for protective separation shall be ps
cording to column 2 0f the appropriate Table, or it may be necessary to disassemb

brformed at
e the PCE.
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Adjacent circuit Adjacent circuit
Adjacent circuit Adjacent circuit
Test
voltage
Accessible surface (2)g
Considered circuit Considered circuit COQ.S |deret;d VY,
under test under test _ adjacen \
circuit under test \
Test
voltage
(1)
Test
voltage PELV or SELV /
DVC A circuit /
under test AN
Exposed ¢onductive part
a) b) c)

Figure 13 — Voltage test procedures
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The tests shall be performed with the PCE fully assembled, and all covers in place and all doors of the
enclosure closed.

To create a continuous circuit for the voltage test on the PCE, terminals, open contacts on switches and
semiconductor switching devices, etc. shall be bridged where necessary. Before testing, semiconductors
and other vulnerable components within a circuit may be disconnected and/or their terminals bridged to
avoid damage occurring to them during the test.

Protective devices designed to reduce impulse voltages on the circuits under test (see 7.3.7.2.2 and
7.3.7.2.3, and circuits belonging to monitoring or protection circuits, not designed to sustain the test
overvoltage for the duration of the test, shall be disconnected in order to avoid damage and to ensure that
the test vol f f fndicatt f

Wherever practicable, individual components forming part of the insulation under {est, f
interference suppression capacitors, should not be disconnected or bridged before the ltest. |
it is recominended to use the d.c. test voltage according to Table 17 and Table 18.

br example
h this case,

Protective i
protectively
shall be ca
screens ac

Where the
which the
insulation t
test insteag

Routine teq

=

q

andl

it

andl

* type testing ofthe fully-assembled PCE was performed successfully.

mpedances according to 7.3.5.3 shall either be included in the testing or the conne
separated part of the circuit shall be opened before testing. In the latter case, the
refully restored after the voltage test in order to avoid any damage to the insulation
cording to 7.3.3 shall remain connected to accessible conductive parts during the V

PCE is covered totally or partly by a non-conductiveyaccessible surface, a condy
fest voltage is applied shall be wrapped around/this surface for testing. In this
bst between a circuit and non-conductive accessible surface may be performed a
of a routine test.

ting of the assembled PCE is not required if:

utine testing of all subassemblies-related to the insulation system of the PCE is p

can be demonstrated that final assembly will not compromise the insulation systemn;

ction to the
connection
. Protective
oltage test.

ctive foil to

case, the
S a sample

brformed;
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7.5.2.5 Duration of the a.c. or d.c. voltage test

The duration of the test shall be at least 60 s for the type test and 1 s for the routine test. The test voltage
may be applied with increasing and/or decreasing ramp voltage, and the ramp times are not specified, but
regardless of the ramp time, the dwell time at full voltage shall be 60 s and 1 s respectively for type and
routine tests.

7.5.2.6 Verification of the a.c. or d.c. voltage test

The test is successfully passed if no electrical breakdown occurs and there is no abnormal current flow

during the test.

NOTE Some
abnormal if it
rapidly increa

7.5.3 Parti
Where req
devices ap|

specified v

This test s
which are

The sampl

]

normal amount of current is expected during a test, particularly with an a.c. test voltage. Cuprent
significantly exceeds the normal current flow expected with all insulation in place and undamaged, o
es without control after the test voltage has reached the full voltage.

bl discharge test (type test or sample test)
hired by 7.3.7.8.2, the partial discharge test shall confirm that the solid insulation
plied for protective separation of electrical circuits remains\partial-discharge-free

bltage range (see Table 19).

all be performed as a type test and a sample test.At\may be deleted for insulatin
ot degraded by partial discharge, for example cefaniics.

b test may be omitted on parts that comply.with a relevant standard (see 14,

manufactured under a quality control system.

The partial
and moistu
significant

discharge inception and extinction veltage are influenced by climatic factors (e.g. t
re), equipment self heating, and manufacturing tolerance. These influencing varial
inder certain conditions and shall therefore be taken into account during type testi

is considered
if the current

used within

within the

) materials,

1) and are

emperature
bles can be

ng.
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Table 19 — Partial discharge test

Subject Test conditions
Test reference 6.1.3.5 of IEC 60664-1
Requirement reference 7.3.78
Preconditioning Samples shall be pre-conditioned according to 6.1.3.2 of IEC 60664-1

Live parts belonging to the same circuit shall be connected together

It is recommended that the partial discharge test is performed after the impulse
voltage test (see 7.5.1) in order that any damage caused by the impulse voltage
test is apparent

ttisadvisabte-that the-partiatdischearge test s performed-beforemsertingthe—

components or devices into the equipment because partial discharge testingtisyjot
normally possible when the equipment is assembled

Initial measyrement According to specification of component or device

Test equipmpnt Calibrated charge measuring device or radio interference meter@ithout weightir|g filters
Test circuit C.1 of IEC 60664-1

Test voltage The peak value of a.c. 50 Hz or 60 Hz

Test method 6.1.3.5 of [IEC 60664-1: F1 =1,2; F2 ,F3=1,25. Test\procedure 6.1.3.5.3 of IEC|60664-1
Calibration qf test equipment C.4 of IEC 60664-1

Measuremenpt Starting from a voltage below the rated discharge voltage Upp?, the voltage shal be

linearly increased to 1,875 times Upgand’held for a maximum time of 5 s

The voltage shall then be linearly décreased to 1,5 times Upp (+ 5 %) and held for
a maximum time of 15 s, during Which the partial discharge is measured

Verification The test shall be consideréd to have been successfully passed if the partial
discharge is less than 10 pC during the measurement period

1,875 Usbp,

1,5 UPD

<&—=<55s—> <15s

a The rated discharge voltage is the sum of the recurring peak voltages in each of the circuits separated by the
insulation.

su0593a
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Table 19DV DR Modification of Table 19 in accordance with the following:

Revise cell for test conditions in the row for preconditioning as follows: “Preconditioning:
According to IEC 60664-1, 6.1.3.2(d), damp heat in a minimum environment of 40°C +/-2°C
, 93% +/-3% Relative Humidity for 96 hours. PCE rated for an operating ambient above 40°C
shall be subjected to the damp heat test at the maximum manufacturer stated operating

ambient temperature.”

7.5.4 Touch current measurement (type test)

The touch current shall be measured if required by 7.3.6.3.7 and shall not be greater than 3,5 mA a.c. or

10 mA d.c.

For type tgsts on PCE for which wet locations requirements apply according to 6.1, th
pre-conditigning of 4.5 shall be performed immediately prior to the touch current test.

Complianc¢ is checked by the following type test. The PCE shall be set up withQut‘any conne
earth and phall be operated under reference test conditions as in 4.2.2. For*equipment W
sources of [supply that may be energized at the same time under normal €onditions of use,
shall be cohnected and energized during the test.

nt network of Figure 4 of IEC 60990.
NOTE 1 For dqonvenience, IEC 60990 test Figure 4 is reproduced in Annéex H.

NOTE 2 Congideration should be given to the impact on the_touch current measurement that capacitance betwee
sources and garth could have on the result (for example, azd:¢c. supply with capacitors to earth can increase the m
current unlesq the d.c. supply is not earthed to the same-garth as the PCE under test).

e Fpr a PCE to be connected to\an earthed neutral system, the neutral of the mains ¢
sitg shall be directly connected-to the external protective earthing conductor.

* Fpr a PCE to be conriected to an isolated system or impedance system, the neutra
connected through & resistance of 1 kQ2 to the external protective earthing conductor,
shall be connected to each input phase in turn. The highest value will be taken as thg
result.

* Fpr a PCE/to be connected to a corner earthed system, the external protective eart

e humidity

ction to the
ith multiple
all supplies

tion for the

L using the

external test

pasured touch

f the test

shall be
which
b definitive

ning

the| definitive result.

conpductor shall be connected to each input phase in turn. The highest value will be tTken as

* For a PCE with a particular earthing system, this system shall operate as intended during the

test.

e If a PCE is intended to be connected to more than one system network, each of these
different system networks (or the worst-case, if that can be determined) shall be used to make

the leakage current measurement.


https://ulnorm.com/api/?name=UL 62109-1 2019.pdf

116 UL 62109-1 JULY 18, 2014

7.5.5 Equipment with multiple sources of supply

Hazards, within the meaning of this standard, shall not be present under normal or single fault conditions
due to the presence of multiple sources of supply. Actions such as disconnection or de-energizing of an
external supply are considered a normal condition.

Compliance is checked by evaluation of circuit diagrams and by the testing of 4.4.4.6 (for backfeed
current) and 4.6 (for backfeed voltage).

Information shall be provided with the equipment indicating the presence of multiple sources of supply and
giving disconnection procedures (see 5.3.4).

NOTE 1 Exarl\ples of the types of hazards that need to be considered are:

— backfeed prevention — preventing voltage, current, or energy available within the PCE or one of its sourges from being
fed pack to any of the input terminals for another source, either directly or by a leakage path, in‘a manner fthat results in
a hazard;

— tojuch current levels may be higher with multiple sources connected simultaneously. (if/that is a normal cgndition for
the equipment);

zard resulting from damage to one or more connected sources due to energy from another source.

|
=3

NOTE 2 Spedific requirements may be given in other Parts of IEC 62109.

8 Protectipn against mechanical hazards

8.1 Genergl

Operation s$hall not lead to a mechanical hazard>in normal condition or single fault condition.

Edges, projections, corners, openings, gudrds, handles and the like, that are accessible to the operator
shall be smooth and rounded so as nof\fe cause injury during normal use of the equipment.

Complianc¢ is checked as specified-in 8.2 to 8.6.
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8.2 Moving parts

Moving parts shall not be able to crush, cut or pierce parts of the body of an operator likely to contact
them, nor severely pinch the operator’s skin. Hazardous moving parts of equipment, that is moving parts
which have the potential to cause injury, shall be so arranged, enclosed or guarded as to provide
adequate protection against the risk of personal injury.

If, during routine maintenance outside normal use, it is unavoidable for technical reasons that an operator
has to perform a function, such as adjustment, which requires access to moving parts, which could cause
a hazard, access is permitted if all of the following precautions have been taken:

H ' H .l ) ) £ b 1
a) aCCess Ip ot possiore-witnott e tuse o1 —a tooT,

b) the instjuctions for the responsible body include a statement that operators must.kg, trajned before
being allowled to perform the hazardous operation;

c) there arp warning markings (see 5.2) on any covers or parts which have t0,be removed to obtain
access, prqhibiting access by untrained operators.

Automatic :leset thermal cut-outs or overcurrent protection devices, automatic timer starting, etf., shall not
be incorpotfated if unexpected resetting might create a hazard.

Compliancg is checked by inspection and where necessary bysa\test with the test finger of Figure D.1 of
Annex D, gfter removal of operator-detachable parts, and with 6perator access doors and covers open.
Unless addglitional measures have been taken as specified above, it shall not be possible to touch
hazardous Imoving parts with the test finger, applied witheut appreciable force in every possiljle position.

Openings preventing the entry of the jointed test finger of Figure D.1 are further tested by means of a
straight unjpinted version of the test finger, Figureé"D.3, applied with a force of 30 N. If the unjdinted finger
enters, the fest with the jointed test finger is repeated, except that the finger is pushed through {he opening
using any mecessary force up to 30 N.

8.2.1 Protgction of service persons
Protection ghall be provided such that unintentional contact with hazardous moving parts is unljkely during
servicing operations. If a guard*over a hazardous moving part may need to be removed for sgrvicing, the

marking of [symbol 15 of Annex C shall be applied on or near the guard.

CompliancI is checked by inspection, and where necessary, by ensuring that the IP1X prpbe of IEC
60529 canfot contact the hazardous moving part with the guard in place.
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8.3 Stability

Equipment and assemblies of equipment not secured to the building structure before operation shall be
physically stable in normal use.

If means are provided to ensure that stability is maintained after the opening of drawers, etc. by an
operator, either these means shall be automatic or there shall be a warning marking (see 5.2).

Compliance is checked by carrying out each of the following tests, if applicable. Containers contain the
rated amount of substance that provides the least favourable conditions of normal use. Castors are in their
least favourable position of normal use. Doors, drawers, etc. are closed unless otherwise specified.

a) Equipmd
position.

b) Equipme
equipment,

2 m. The force is 250 N, or 20 % of the weight of the equipment, whichever’is fess, and is a

nt other than hand-held equipment, is tilted in each direction to an angle of 10°,fron

nt which has both a height of 1 m or more and a mass of 25 kg or more,-and all flg
has a force applied at its top, or at a height of 2 m if the equipment has’a height o

h its normal

or-standing
more than
bplied in all

directions gxcept upwards. Jacks used in normal use, and doors, drawers, &f¢., intended to bel opened by
an operatof, are in their least favourable positions.
c¢) Floor-stgnding equipment has a force of 800 N applied downwards at the point of maximym moment
to
1) Jall horizontal working surfaces;
2) lother surfaces providing an obvious ledge~and which are not more than 1 m abovg floor
level.
During the tests, the equipment shall not overbalance.

Compliancg with the marking requiremént is checked by inspection.
8.4 Provisjions for lifting and carrying

handles or grips are fitted to, or supplied with, the equipment, they shall be |capable of

g a force of folr times the weight of the equipment.

If carrying
withstandin

Equipment
or direction

or parts hiaving a mass of 18 kg or more shall be provided with a means for lifting gnd carrying
s shallbe given in the manufacturer's documentation.

Compliancg is checked by inspection and by the following test.

A single handle or grip is subjected to a force corresponding to four times the weight of the equipment.
The force is applied uniformly over a 70 mm width at the centre of the handle or grip, without clamping.
The force is steadily increased so that the test value is attained after 10 s and maintained for a period of
1 min.

If more than one handle or grip is fitted, the force is distributed between the handles or grips in the same
proportion as in normal use. If the equipment is fitted with more than one handle or grip but is so designed
that it may readily be carried by only one handle or grip, each handle or grip shall be capable of sustaining
the total force.
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The handles or grips shall not break loose from the equipment and there shall not be any permanent
distortion, cracking or other evidence of failure.

8.5 Wall mounting

Mounting brackets on equipment intended to be mounted on a wall or ceiling shall withstand a force of
four times the weight of the equipment.

Compliance is checked after mounting the equipment in accordance with the manufacturer’s instructions,
using the fasteners and wall construction specified. Adjustable brackets are adjusted to the position that
will give the maximum projection from the wall.

If no wall construction is specified, a 10 mm + 2 mm thick plaster board (drywall) on nominal S(I) mm x 100
mm + 10 mm studs at 400 mm = 10 mm centres is to be used as the support surfadey Fagteners are
applied as ppecified in the instructions but, if not specified, are positioned in the plasterboard etween the
studs.
The mounting brackets are then subjected to the weight of the equipment plus)a test weight of three times
the weight|of the equipment, acting vertically through the centre of gravity) The test weight is applied
gradually and is increased from zero to full load in 5 s to 10 s, then maintained for 1 min.
After the test, there shall be no damage to the bracket or the mounting surface.

8.6 Expellpd parts

Equipment|shall contain or limit the energy of parts that"could cause a hazard if expelled in the event of
a fault.

The meanq of protection against expelled parts¢shall not be removable without the aid of a topl.
Compliancg is checked by inspection after @pplication of the relevant fault conditions of 4.4.
9 Protectipn against fire hazards

9.1 Resistance to fire

This subclguse specifies requirements intended to reduce the risk of ignition and the spread of [flame, both
within the gquipment and‘to the outside, by the appropriate use of materials and compongnts and by

suitable copstruction:

NOTE 1 The fisk ef ignition is reduced by limiting the maximum temperature of components under normal operating ¢onditions and
after a single fault(see 4.4), or by limiting the power available in a circuit.

NOTE 2 The spread of flame in the event of ignition is reduced by the use of flame retardant materials and insulation, or by providing
adequate separation.

9.1.1 Reducing the risk of ignition and spread of flame
For equipment or a portion of equipment, there are two alternative methods of providing protection against

ignition and spread of flame that could affect materials, wiring, wound components and electronic
components such as integrated circuits, transistors, thyristors, diodes, resistors and capacitors.
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Method 1 — Selection and application of components, wiring and materials that reduce the possibility of
ignition and spread of flame and, where necessary, by the use of a fire enclosure. The appropriate
requirements are detailed in 9.1.2 and 9.1.3. In addition, the simulated faults of 4.4.4.1 a) and b) are
applied, when using this method.

NOTE 1 Method 1 may be preferred for equipment or that portion of equipment with a large number of electronic components.
Method 2 — Application of all of the simulated fault tests in 4.4.4.1 a), b), and c). A fire enclosure is not

required for equipment or that portion of equipment for which only Method 2 is used if the fault testing
does not result in ignition of components, temperatures that could be sufficient for ignition, or other

indication of a risk of fire.

NOTE 2 Meth
9.1.2 Cond

A fire enclq
and compli

9.1.2.1 Pa

Except where Method 2 is used, or as permitted in 9.1.2.2, the following are considered to hg

bd 2 may be preferred for equipment or that portion of equipment with a small number of electronic'co
itions for a fire enclosure

sure is required for equipment or parts of equipment for which Methed 2 is not f
ed with.

ts requiring a fire enclosure

mponents.

ully applied

ve a risk of

ignition and, therefore, require a fire enclosure:

— components in mains circuits;

— components in secondary circuits supplied by powerséurces which exceed the limits for a limited power
source as gpecified in 9.2;

— compongnts in secondary circuits suppliedyby a limited power source as specified in 9.2, but not
mounted op material of flammability class:\V-1;

— compongnts within a power supply~unit or assembly having a limited power output complying with the
criteria for fa limited power source ‘as specified in 9.2, including overcurrent protective deviges, limiting

impedance
are met;

— componeg)
in a circuit

— insulated

5, regulating networks.and wiring, up to the point where the limited power source ou

hts having unenclosed arcing parts, such as open switch and relay contacts and co
pt hazardous voltage or at a hazardous energy level; and

wiring; except as permitted in 9.1.2.2.

tput criteria

mmutators,
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9.1.2.2 Parts not requiring a fire enclosure

The following do not require a fire enclosure:

— wiring and cables insulated with PVC, TFE, PTFE, FEP, neoprene or polyimide;

— plugs and connectors forming part of a power supply cord or interconnecting cable;

— components, including connectors, meeting the requirements of 9.1.3.2, which fill an opening in a fire

enclosure;

— connectofs-imrsecot |u'o.|y circtits—supptied by power-sources-whicharetmitec-to—ameaximum of 15 VA

under normal operating conditions and after a single fault in the equipment;

— connectofs in secondary circuits supplied by a limited power source as specified in 9.2,

— other components in secondary circuits:
e syipplied by a limited power source as specified in 9.2, and mounted on materials o
flagnmability class C.1;
e stipplied by internal or external power sources which are limited to a maximum of 15 VA under
notmal operating conditions and after a single fault in the'equipment and mounted or] material
of {ammability class HB;
e complying with Method 2 of 9.1.1.

Compliancg with 9.1.2.1 and 9.1.2.2 is checked by inspection and by evaluation of the data provided by

the manufg
ignition in ¢

9.1

Re

ases not specified in 9.1.2, compliance is checked by Method 2 in 9.1.1.
.2.2DV DE Modification inlaccordance with the following:

place “C.1” with “V-1 or'better”.

cturer, and where necessary by measurements or the tests of 9.2. For determining the risk of
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9.1.3 Materials requirements for protection against fire hazard
9.1.3.1 General

Enclosures, components and other parts shall be so constructed, or shall make use of such materials, that
the propagation of fire is limited.

Materials of flammability classes VTM-0, VTM-1 and VTM-2 are considered to be equivalent to materials
of FLammaBiLITY classes V-0, V-1 and V-2, respectively, for their flammability properties. Their electrical and

mechanical properties are not necessarily equivalent.

Where matertat-of-ftammmabitityctassHB—or—flammabitity classHBF s required;materiat

glow-wire t

Where it is
shall be mg
from mater|
material of

Polymeric faterials that serve as the outer enclosure and have surface area greater than 1 m?

dimension
E162 or AN

NOTE 1 See

NOTE 2 In co|
of small parts

NOTE 3 The

bst at 550 °C according to IEC 60695-2-11 is acceptable as an alternative.
hot practical to protect components against overheating under fault conditionsy the @
al of a class lower than flammability class V-1 by at least 13 mm of air,-or by a sol
flammability class V-1.

arger than 2 m, shall have a maximum flame spread index”of 100 as determine
ISI/ASTM E84. This requirement applies whether Method-1 or Method 2 is used.

hlso 9.1.3.4.

hsidering how to limit propagation of fire, and what are “small parts”, account should be taken of the cu
when they are adjacent to each other, and also of the“possible effect of propagating fire from one part

Material flammability requirements in 9.1.3 argzsummarized in Table 20.

Complianc

9.1.3.2 Materials for fire enclosures

If an encloqure material is not classified as specified below, a test may be performed on the fing

or part of
testing.

The materi
flammabilit
Whether cl

is checked by inspection andudy evaluation of relevant data provided by the man

he enclosure, in(which case the material shall additionally be subjected to perig

al of a fife-enclosure, in the thinnest significant wall thickness used, shall be ¢
class’5VB according to IEC 60695-11-20 or shall pass the 5VB test in the e
bssified or tested, the test result shall comply with all of the following:

passing the

omponents

unted on materials of flammability class V-1. Additionally, such components shall b¢ separated

d barrier of
or a single

i by ASTM

nulative effect
to another.

ufacturer.

| enclosure
dic sample

assified as
nd product.

a) the sample shall not release either flaming drops or particles capable of igniting the surgical cotton, and

b) the sample shall not continue to burn for more than 1 min after the fifth application of the test flame,

and

c) there shall be no openings greater than 25 mm after the test.

Materials for components that fill an opening in a fire enclosure shall:

-b

e of at least V-1 class material and no larger than 100 mm in any dimension; or
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— be of at least V-2 class material and either
— no larger than 25 mm in any dimension, or

— no larger than 100 mm in any dimension and located at least 100 mm from any part
that is a source of fire hazard, or

— be of at least V-2 class material and there is a barrier or device(s) that forms a barrier made
of a V-10 class material between the part and a source of fire hazard, or

— comply with a relevant IEC component standard that includes flammability requirements for
o ) , ) . ot

Plastic maferials of a fire enclosure shall be located more than 13 mm through air frém pdrts that arc
under normal conditions such as unenclosed commutators and unenclosed switch conteacts.

Plastic maferials of a fire enclosure located less than 13 mm through air from mon-arcing darts which,
under any fondition of normal or abnormal operation, could attain a temperature sufficient tp ignite the
material, shall be capable of passing the hot-wire ignitability test of IEC 60695-2-20. If a sgmple melts
through without igniting, the dimensions of the hole shall comply with thewrequirements elsewhere in this
standard.
Metals, ceramic materials and glass shall be considered to comply without test.

Complianc¢ is checked by inspection of the equipment and-\material data sheets and, if necessary, by the
appropriatg test or tests in 9.1.4 or IEC 60695-2-20 andtEC 60695-11-20, as applicable.

9.1.3.2DV DE Modification in accordance with the following:

Replace “V-10 class material” with-£V-1 class material or better”.
9.1.3.3 Magerials for components and other parts inside fire enclosures
Requiremepts for materials in air filters assemblies are in 9.1.3.4.

Inside fire lenclosures, materials for components and other parts, (including mechanical and electrical
enclosures|located inside (fire enclosures), shall comply with one of the following:

— be of flamfability class V-2 or flammability class HF-2; or

— meet the flammability requirements of a relevant IEC component standard which ingludes
sugh.requirements.

The above requirement does not apply to any of the following:

— electrical components which do not present a fire hazard under abnormal operating conditions
when tested according to Method 2 of 9.1.1;

— materials and components within an enclosure of 0,06 m3 or less, consisting totally of metal
and having no ventilation openings, or within a sealed unit containing an inert gas;
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— one or more layers of thin insulating material, such as adhesive tape, used directly on any
surface within a fire enclosure, including the surface of current-carrying parts, provided that the
combination of the thin insulating material and the surface of application complies with the
requirements of flammability class V-2, or flammability class HF-2;

NOTE Where the thin insulating material referred to in the above exclusion is on the inner surface of the fire enclosure
itself, the requirements in 12.8 continue to apply to the fire enclosure.

— electronic components, such as integrated circuit packages, optocoupler packages, capacitors
and other small parts that are mounted on material of flammability class V-1;

-\

an

-t
w

y

cal
V-1:

iring, cables and connectors insulated with PVC _TFE _PTFE_FEP neoprene or |

cable ties used with wiring harnesses;

bs and cables) which under fault conditions are likely to produce a temperature th
se ignition, by at least 13 mm of air or by a solid barrier of matérial of flammabilit

» other small parts which would contribute negligible fuel to a fire, including, |
mounting feet, key caps, knobs and the like;

plastic parts, provided that they are of flamamability class HB.

Compliancg is checked by inspection of the equipmeént and material data sheets and, if neces

appropriatg

9.1

Ch

test or tests of IEC series 60695.
.3.3DV DE Modification in accordance with the following:

pange reference from “12.87to “9.1.3.2”.

9.1.3.4 Materials for air filter assemblies

Air filter as

This requir

— 3

be

bemblies shall be eonstructed of materials of flammability class V-2, or flammability

bment dogs._not apply to the following constructions:

\vented outside the fire enclosure;

dividual clamps (not including helical wraps or other continuous forms), lacing tap

ne following parts, provided that they are separated from electrical partts) (other tha

ir filtér-assemblies in air circulating systems, whether or not airtight, that are not in

olyimide;
e, twine
h insulated

at could
class

p

hbels,

* tubing for air or any fluid systems, contaifers for powders or liquids and fogmed

sary, by the

class HF-2.

tended to

— air filter assemblies located inside or outside a fire enclosure, provided that the filter materials
are separated by a metal screen from parts that could cause ignition. This screen may be
perforated and shall meet the requirements of 9.1.4.3 for the bottoms of fire enclosures;

— air filter frames constructed of materials of flammability class HB, provided that they are
separated from electrical parts (other than insulated wires and cables) which under fault
conditions are likely to produce a temperature that could cause ignition, by at least 13 mm of air
or by a solid barrier of material of flammability class V-1;
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— air filter assemblies located externally to the fire enclosure, constructed of materials of
flammability class HB.

Compliance is checked by inspection of the equipment and material data sheets and, if necessary, by the
appropriate test or tests of IEC series 60695.

Table 20 — Summary of material flammability requirements

Part Requirement
Large enclosure surface areas 9.1.3.1 Max. flame spread index of 100
- 5VB
Fire enclosules, 9.1.3.2 ~ Test of [EC 60695-11-20

— Hot wire test of IEC 60695-2-20 (If <13 mmiof-ajr from parts
at high temperatures which could cause ignition)
Components|and parts, including mechanical and electrical — V-2 or HF-2

enclosures, ipside fire enclosures,9.1.3.3

— For components and exceptions see’9.1.3.3
— V-2 or HF-2
- For exceptions see 9.1.3.4

Air filter assgmblies 9.1.3.4

9.1.4 Opernings in fire enclosures

9.1.4.1 Geperal

For equipment that is intended to be used or installed in more“than one orientation as spegified in the
product dogumentation, the following requirements apply inNeach orientation.

These reqyirements are in addition to those in the folldwing sections:
— 7.3.4, Protection against direct contact;
— 7.4, Protection against energy hazards;
— 1[3.5, Openings in enclosures:

9.1.4.2 Side openings treated as bottom openings

Where a pqrtion of the side of a fire enclosure falls within the area traced out by the 5° angle in Figure 14,

the limitatigns in 9.1.4:3regarding openings in bottoms of fire enclosures also apply to this pqrtion of the
side.
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9.1.4.3 Openings in the bottom of a fire enclosure

The bottom of a fire enclosure or individual barriers, shall provide protection against emission of flaming
or molten material under all internal parts, including partially enclosed components or assemblies, for

which Method 2 of 9.1.1 has not been fully applied and complied with.

The location and size of the bottom or barrier shall cover area D in Figure 14 and shall be horizontal,
lipped or otherwise shaped to provide equivalent protection. The area shall be free of openings, except
for those protected by a baffle, screen or other means so that molten metal and burning material are

unlikely to fall outside the fire enclosure.

Sy

Figun

The followi

1301

—n

>

e 14 — Fire enclosure bottom openings below an unenclosed or partially enc

ng constractions are considered to satisfy the requirement without test:

0 epening in the bottom of a fire enclosure:

A The component or subassembly under which a fire
enclosure is required. If the component or subassembly
does not have its own fire enclosure, the entire compond
is considered. If a component or subagsembly has its o
fire enclosure consideration needs t6 be-given only to
portions that are unenclosed or have 6penings through
which flaming particles mightbe emitted.

B The outline of the area Aprojected vertically downward
horizontal plane of the lewest point of the fire enclosure.

C Inclined line that traces an outline D on the same plane
B. Moving afound the perimeter of the outline B, this ling
projects@t/a's® angle from the vertical at every point rou
the perimeter of the component A, and is oriented to trad
outthelargest area.

D~ “Minimum outline of the bottom of the fire enclosure.

NOTE A portion of the side of a fire enclosure whig

>

to

=)

his

within the area traced out by the 5° angle is glso

considered to be part of the bottom of the
enclosure.

component

fire

osed

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

— openings in the bottom, each not larger than 40 mm?2, under components and parts meeting

the requirements for V-1 class material, or HF-1 class foamed material or under small

components that pass the needle-flame test of IEC 60695-11-5 using a 30 s flame application;

— baffle plate construction as illustrated in Figure 15;
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— metal bottoms of fire enclosures conforming to the dimensional limits of any line in Table 21;

— metal bottom screens having a mesh with nominal openings not greater than 2 mm between

centre lines

and with wire diameters of not less than 0,45 mm.

Constructions other than the above are acceptable if they comply with the hot flaming oil test below.

I

N()_t IEQQ
than 2X

Baffle plates (may be above or
/ ; below bottom of fire enclosure)

Y *—

X

sul111a

Bottom of fire enclosure

Figure 15'='Fire enclosure baffle construction

Table 21— Allowable openings in fire enclosure bottoms

Applicable to circular holes Applicable to other shaped ogenings
Metal bpttoms Maximum diameter of | Minimum spacing of Maximum area Minimum|spacing of
minimum thickness holes holes centre to centre openingg border to
bofder
mmn mm mm mm? nim
0,d6 11 17 11 als6
0,66 1,2 2,3 1,2 1,1
0,76 1,1 1,7 1,1 0,55
0,76 1,2 2,3 1,2 1,1
0,81 1,9 3,1 2,9 1,1
0,89 1,9 3,1 2,9 1,2
0,91 1,6 2,7 2,1 1,1
0,91 2,0 3,1 3,1 1,2
1,0 1,6 2,7 2,1 1,1
1,0 2,0 3,0 3,2 1,0
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Compliance is checked by inspection and, where necessary, by the flaming oil test as follows, during
which the cheesecloth shall not ignite.

Mounting of samples: A sample of the complete finished bottom of the fire enclosure is securely supported
in a horizontal position. Bleached cheesecloth of approximately 40 g/m? is placed in one layer over a
shallow, flat-bottomed pan approximately 50 mm below the sample, and is of sufficient size to cover
completely the pattern of openings in the sample, but not large enough to catch any of the oil that runs

over the ed

NOTE Use of

ge of the sample or otherwise does not pass through the openings.

a metal screen or a wired-glass partition surrounding the test area is recommended.

Test proce
a long han

distillate fugl oil that is a medium volatile distillate having a mass per unit volume between 0,81

0,865 g/ml,
containing
flaming oil
of openings

The test is

9.1.4.4 Eq

jure: A small metal ladle (preferably no more than 65 mm in diameter), with a pou
jle whose longitudinal axis remains horizontal during pouring, is partially fillechwith

a flash point between 43,5 °C and 93,5 °C and an average calorific value of 38 MJ
he oil is heated and the oil ignited and permitted to burn for 1 min, at"Wwhich time a
s poured at the rate of approximately 1 ml/s in a steady stream onto-the centre of
, from a position approximately 100 mm above the openings.

repeated twice at 5 min intervals, using clean cheesecloth.

lipment for use in a closed electrical operating area

ring lip and
10 ml of a
15 g/ml and
I. The ladle
Il of the hot
the pattern

The requirgments of 9.1.4.3 do not apply to fixed equipment intended only for use in a closgd electrical

operating grea and to be mounted on a concrete floor or<gther non-combustible surface. Such equipment

shall be marked as follows:

WARNING: FIRE HAZARD. SUITABLE .FOR MOUNTING ON CONCRETE OR OTHER
NON-COMBUSTIBLE SURFACE ONLY

9.1.4.5 Doprs or covers in fire enclosures

If part of a|fire enclosure consists of a door or cover leading to an operator access area, it shall comply

with one of| the following requitements:

-t

-3
foll

he door or caovershall be provided with a safety interlock; or

door or-€over, intended to be routinely opened by the user, shall comply with bot
bwing-conditions:

h of the

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

and

¢ it shall be provided with a means to keep it closed during normal operation.

A door or cover intended only for occasional use by an installer, such as for the installation of accessories,
is permitted to be removable provided that the equipment instructions include directions for correct
removal and reinstallation of the door or cover.
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Compliance is checked by inspection.
9.1.4.6 Additional requirements for openings in transportable equipment

The risk of ignition caused by small metallic objects, moving around inside transportable equipment during
transportation shall be reduced by measures to minimize the likelihood of such objects entering the
equipment and bridging bare conductive parts between which the power is not limited in accordance with
9.2.

The bottom of the fire enclosure or individual barriers shall also provide protection against emission of
flaming or molten material under all internal parts, including partially enclosed components or assemblies,

for which

The followi
equipment,

- A

- B
cer

- A

Additionally

where the available power is greater than 15 VA, one of the-following requirements applies:

— access b
even thoud

— there sh4g

— fault testi
and the ne

NOTE Examyq
electroplated,

Compliancg is checked\by inspection and measurement and, where appropriate, by test. A

covers are
as intendeq

) 1O b Ot L ) FANTl 'H (] ! L ] HY)
Cliuu o U I. 1. T Tias TIVUU UTCTIT TUlly applicu daria COITIPICU VWillT.

Ng measures provide acceptable protection against both the likelihood of objects ¢
and the risk of emission of fire hazard from the enclosure:

roviding openings that do not exceed 1 mm in width regardless of length; or

roviding a screen having a mesh with nominal openings not greater than 2 mm be
ter lines and constructed with a thread or wire diameter of notess than 0,45 mm

roviding internal barriers.

, Where metallized parts of a plastic barrier or enclosure are within 13 mm of part

h the available power meets the limits of'9.2; or
Il be a barrier between the bare cenductive parts and the enclosure; or

Ng shall be carried out to simulate bridging along a direct path between a bare con
hrest metallized part of a-barrier or enclosure that is within 13 mm of the bare cong

les of metallized plastic barriers or enclosures include those made of conductive composite materig

vacuum-deposited, painted or foil lined.

closed ofin-place and peripheral devices or assemblies, such as batteries, etc.,
during-the inspection.

If simulateq

ntering the

tween
or

5 of circuits

y a foreign metallic object shall be limited n~accordance with the above acceptabl¢ measures

Huctive part
uctive part.

Is or that are

Al doors or
re installed

fault testing is carried out, no ignition of the metallized barrier or enclosure shall

pccur.
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9.2 Limited power sources
9.2.1 General

This clause provides requirements for evaluating limited power sources, as referred to in clause 9.1. A
limited power source shall comply with one of the following:

— the output is inherently limited in conformity with Table 22; or
— an impedance limits the output in conformity with Table 22. If a positive temperature

coefficient device is used, it shall pass the tests specified in IEC 60730-1, clauses 15, 17, J.15
ang-3-+7or

— an overcurrent protective device is used and the output is limited in conformity ‘with| Table 23;
or

— g regulating network limits the output in conformity with Table 22, both under normal
opgrating conditions and after any single fault in the regulating network“(open circuit pr short
cirguit); or

— g regulating network limits the output in conformity with Table22 under normal operating
conditions, and one of the above protective means is used in’ addition to limit the output under
single fault conditions.

Where an @vercurrent protective device is used to meet thedimits for a limited power source, {t shall be a
fuse or a npn-adjustable, non-autoreset, electromechanical device.

Complianc¢ is checked by the testing of clause 9.2.2.
9.21DV D1 Modification by replacing the second "dash” item with the following:
— gn impedance limits the output in conformity with Table 22. If a positive tgmperature

coegfficient device is used,'it'shall comply with the requirements and tests spedified in UL
60730-1, Clauses J15 and-J17 of Annex J; or
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9.2.2 Limited power source tests

Compliance with 9.2.1 is checked by inspection and measurement of the electrical quantities in Table 22
or Table 23 as applicable. Batteries shall be fully charged when conducting the measurements for Uoc
and Isc according to Table 22 and Table 23.

The load referenced in notes 2) and 3) of Table 22 and Table 23 is adjusted to develop maximum current
and power transfer respectively. Single faults in a regulating network are applied under these maximum
current and power conditions.

Table 22 — Limits for inherently limited power sources

Output current?
Isc

Apparent-p
S

Output voltage’
Uoc

ower3)

V a.c. Vd.c. A VA

<20 <20 <8,0 <5 . U

20 4

Uoc < 30 20 < Uoc < 30 <8,0 <100,

30 < Uoc < 60 <150/ Uoc <100,

1) Uoc: Outy
d.c. For non-
2) Isc: Maxin
load.

3) S(VA): M

ut voltage measured with all load circuits disconnected. Voltages are for substantially sinusoidal a.c. a
sinusoidal a.c. and d.c. with ripple greater than 10 % of the peak, the peak voltage shall not exceed 43

um output current with any non-capacitive load, including a short circuiti measured 60 s after applicati

Bximum output VA with any non-capacitive load measured 60 s after application of the load.

d ripple free
A4 V.

bn of the

Table 23 — Limits for power sources. not inherently limited

Output voltage”
Uoc

Output corrent?
Is€

Apparent power3)
S

Current
overcurrer|
de\

rating of
t protective
ice?)

Vac

Vdc

A

VA

A

<2

0 <20

5

20 < Uqg

c <30 20 < Uoc < 30 <1 000/Uo <250 <10

D/ Uoc

30 < Uoc < 60 <10

D/Uoc

1) Uoc: Outp
sinusoidal a.
voltage shall
2) Jsc: Maxim
load. Curren
are bypasse
8 S (VA: M
impedances
NOTE The r

it voltage measured in accordance with 7.3.2 with all load circuits disconnected. Voltages are for subs
C. and ripple free d.c. Forynon-sinusoidal a.c. and for d.c. with ripple greater than 10 % of the peak, thg
not exceed 42,4 V.

um output current with.any non-capacitive load, including a short circuit, measured 60 s after applicati
limiting impedances‘in the equipment remain in the circuit during measurement, but overcurrent prote
.
ximum outpdt VA with any non-capacitive load measured 60 s after application of the load. Current linf
n equipment remain in the circuit during measurement, but overcurrent protective devices are bypassg

4 The curre

energy that ip

s with a current equal to 210 % of the current rating specified in the table.

pason for making measurements with overcurrent protective devices bypassed is to determine the amo|
availdble to cause possible overheating during the operating time of the overcurrent protective devics

antially
peak

n of the
ttive devices

iting
d.

unt of
s.

t within 120
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9.3 Short-circuit and overcurrent protection

9.3.1 General

The PCE shall not present a hazard, under short-circuit or overcurrent conditions at any port, including
phase-to-phase, phase-to-earth and phase-to-neutral, and adequate information shall be provided to allow
proper selection of external wiring and external protective devices.

9.3.2 Number and location of overcurrent protective devices

Protection against short-circuits and overcurrents shall be provided for all input circuits, and for output

circuits tha
which no o

NOTE Ina P
overloading ¢
equipment or
string due to 4

If a protect
conductors

UIU IIUt L,UIII[Jiy Vvitil t: 1< IUL]uiIGIIIUIItb fUI iilll;tcu‘ MUWTT SUUTULTOS ill 92, U)\L,Uptf
vercurrent hazard is presented by short-circuits and overloads.

circuit for which the conductors are selected based on the short-circuit rating of the array, there”is typi
bnductors in the array wiring. Typically, unless conductors are oversized, overcurrent-protection is r
bs part of the installation, when 3 or more PV strings are in parallel, to prevent overcurrents in the wiring
he total current available from the other two (or more) strings.

ve device interrupts a neutral conductor, it shall also simultaneously interrupt all {
of the same circuit.

Where a protective device or related set of devices require manual replacement or resetting a

more than
shall be log

For plugga
by devices
the protect
short-circui

For plugga
ports if all
protective ¢

on the PCH.

bne conductor, the resetting means for all conductérs protected by that device or s¢
ated together.

external to the equipment, in which case‘the installation instructions shall state t
and/or overcurrent protection (see\5.3.2).

ble equipment type A, the PCE does not need to include or specify protection for

requirements of this stahdard are met when tested using the highest-rated
evice that will be present-in the installation upstream of the socket for the style of pl

Compliancg is checked by inspection and by the tests of 4.4.4.5 and 4.4.4.7.

circuits in

tally no risk of
Pquired in the
of one faulted

ngrounded

nd interrupt
[ of devices

ple equipment type B or fixed equipment;and for PV circuits, this protection may be provided

ne need for

on to be provided in the installatign*and shall include the specifications for the required

mains input
bvercurrent
LIg provided
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9.83.3 Short-circuit co-ordination (backup protection)

Protective devices provided or specified shall have adequate breaking capacity to interrupt the maximum
short circuit current specified for the port to which they are connected. If protection that is provided integral
to the PCE for an input port is not rated for the short-circuit current of the circuit in which it is used, the
installation instructions shall specify that an upstream protective device, rated for the prospective
short-circuit current of that port, shall be used to provide backup protection.

For pluggable equipment type A, the building installation is considered as providing short circuit backup

protection.

Compliancgtscheckedby-inspectiomrand by thetestof A445————

9D

In
ad

10 Protect

V DE Modification by adding the following general note to Clause 9:

jeneral, in this section, modify applicable references to a specific-flammabili
ling text “or better” after the class designation.

ion against sonic pressure hazards

10.1 Genejral

The equipn
out if the e

10.2 Sonid
10.2.1 Haz

If equipme,
determine

alarms and
above a r¢
include infd
safe levels

Complianc
accordance

nent shall provide protection against the effects of sgnic pressure. Conformity tests
uipment is likely to cause such hazards.

E pressure and sound level
ardous noise levels

ht produces noise at a level that\could cause a hazard, the noise shall be m
he maximum sound pressure JIével that the equipment can produce (except that
from parts located remotely‘i$-not included). If the measured sound pressure exce
ference sound pressure-0f\20 pP, at a measurement distance of 1 m, the instru
rmation regarding the sound pressure level and how to reduce the risk of hearing
and the product shall be marked with symbol 22 of Annex C.

a)
7

is checked by) measurement and calculation of the maximum sound pressy
with ISO 3746, ISO 9614-1, ISO 9614-2, or ISO 9614-3 and by inspection of the

provided amd the markings.

11 Protect

ion against liquid hazards

y class by

are carried

easured to
sound from
bds 80 dBA
ctions shall
damage to

re level in
information

NOTE Battery electrolyte hazards are addressed in 14.8.

11.1 Liquid containment, pressure and leakage

The liquid containment system components shall be compatible with the liquid to be used.

There shall
a)

b)

be no leakage of liquid onto live parts as a result of:
Normal operation, including condensation;

Servicing of the equipment; or
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c) Inadvertent loosening or detachment of hoses or other cooling system parts over time.

The instruction manual for a PCE that includes a liquid containment system, shall include procedures to
prevent the wetting live parts during servicing.

If a reservoir is part of the liquid containment system, a live part shall be located or protected so that it is
not subject to dripping during the filling of the reservoir or if the reservoir fails.

Compliance is checked by overfilling the liquid reservoir, which shall not result in the wetting of live parts
or electrical insulation that is likely to be adversely affected by the liquid. The intended liquid is to be
poured into the reservoir. The reservoir is to be filled to the level recommended, if such level is plainly
marked; ot f fr— f ; i ftt f faqujd, equal to

50 % of t
Determinat
by means
with the vo
11.2 Fluid

NOTE Equip
requirements

11.2.1 Ma

The maxim
condition s

The maxim
a)
b)

c)
ass

Complianc
pressures.

e volume already filled, but not more than 2 I, is then to be poured into th
on of whether uninsulated live parts have become wet as a result of the overflow is
pf visual inspection. If visual inspection is inconclusive, the unit shall be tested in
tage test of 7.5.2.

pressure and leakage

nent meeting the requirements of this subclause will not necessarily bevaccepted as conformin
Felating to high pressures.

imum pressure

um pressure to which a part of the equipment can be subjected in normal use or
nall not exceed the rated maximum working pressure for the part.

um pressure shall be considered to be the highest of the following:
the rated maximum supply pressure specified for an external source;
the pressure setting of an overpressure safety device provided as part of the asse

the maximum pressure that can be developed by an air compressor that is part of]
embly, unless the pressure is limited by an overpressure safety device.

s}
-

is checked by inspection of the ratings of the parts and, if necessary, by

reservoir.
to be made
hccordance

g to national

single fault

mbly;

the

measuring
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11.2.2 Leakage from parts

Leakage from liquid containing parts shall not cause a hazard.

Compliance is checked by inspection of the ratings of parts and, if necessary, by subjecting the parts to
a liquid pressure of two times the maximum pressure in normal use. No leakage is to occur which could
cause a hazard.

11.2.3 Overpressure safety device

A closed liquid containment system shall be provided with an overpressure safety device that shall not

operate in pormatuse—Theoverpressure banty tlevice—statt:

a) |be connected as close as possible to the liquid-containing parts of the systemythat it is
intgnded to protect;

b) |be installed so as to provide easy access for inspection, maintenanégyand repair;
) lonly be adjustable via the use of a tool;

d) |have its discharge opening so located and directed that the released material is npt directed
towards any person;

e) |have its discharge opening so located and directéd that operation of the device will not
deposit liquid on parts that may cause a hazard;

f) have adequate discharge capacity to ensurg-that, in the event of a failure of the sypply
prgssure control, the pressure does not exceed the rated maximum working pressure of the
sygqtem;
g) |have no shut-off valve between(it and the parts that it is intended to protect.
Compliancg is checked by inspection.and the test in 11.2.2.
11.3 Oil and grease
Where intgrnal wiring, windings, commutators, slip-rings and the like, and insulation in general, are

exposed tq oil, grease.'or similar substances, the insulation shall have adequate properti¢s to resist
deterioratign under_these conditions.

CompliancT issxchecked by inspection, and by evaluation of the data for the insulating materig).

12 Chemical hazards
12.1 General

Means shall be provided to reduce the risk of injury resulting from contact with or exposure to hazardous
chemicals or from inhalation of their vapours and fumes.

Examples of measures to reduce risks include:

— avoiding the use of constructional and consumable materials likely to cause injury by contact or
inhalation during intended and normal conditions of use;
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— avoiding conditions likely to cause leakage or vaporization;

— provision

of markings to warn users about the hazards.

If a chemical is in liquid form, the requirements of Clause 11 are additionally to be applied.

Compliance is checked by inspection, and if necessary, by testing for accessibility, leakage, or
vaporization under normal and fault conditions.

13 Physical requirements

13.1 Handtes—and-mantatcontrots

Handles, k
use, if this

hobs, grips, levers and the like shall be reliably fixed so that they will not workloos
might result in a hazard. Sealing compounds and the like, other than self-Harde

shall not bg used to prevent loosening. If handles, knobs and the like are used to-indicate the

switches o

in a hazard.

similar components, it shall not be possible to fix them in a wrong,position if this

Compliancg is checked by inspection, by manual test and by trying to remove the handle, k

lever by ap
If the shap
-1
.,

If the shap

(@)

-5
13.1.1 Adj
Equipment

selection ¢
adjustment

plying for 1 min an axial force as follows.

p of these parts is such that an axial pull is unlikelyto,be applied in normal use, th
5 N for the operating means of electrical components; and

0 N in other cases.

b is such that an axial pull is likely to-be applied, the force is:

0 N for the operating means of. electrical components; and

0 N in other cases.

Iistable controls

shall be so constructed that manual adjustment of a control device, such as g

f different «supply voltages, requires the use of a tool if incorrect setting or
might créate a hazard.

e in normal
hing resins,
position of
might result

hob, grip or

e force is:

device for
nadvertent

CompliancT isschecked by analysis and by the test of 4.4.4.12.
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13.2 Securing of parts

Screws, nuts, washers, springs or similar parts shall be secured so as to withstand mechanical stresses
occurring in normal use if loosening would create a hazard, or if clearances or creepage distances over
supplementary insulation or reinforced insulation would be reduced to less than the values specified in
7.3.7.4 and 7.3.7.5.

Compliance is checked by inspection, by measurement of clearance and creepage distances, and by
manual test.

For the purpose of assessing conformity:

— it is assumed that two independent fixings will not become loose at the same time; and

— it is assumed that parts fixed by means of screws or nuts provided with self-lockingWwashégrs or other
means of lpcking are not liable to become loose.

NOTE Spring|washers and the like can provide satisfactory locking.
13.3 Provisions for external connections
13.3.1 General

Provisions |for external connections made during installation,” shall comply with the following basic
principles:

— connectign means shall be of a type or so locatedas’to comply with the requirements of this standard
for protectipn against fire hazard, shock hazard, and“énergy hazard;

— wiring in PVC B and C circuits shall be separated from wiring and bare live parts in DVC A|circuits if a
shock hazdrd could result from insulationfailure;

— wiring ard flexible cables shall besecurely terminated and provided with strain relief to prevent the
transmissign of stress to the connestions;

— provisions for permanently’/Connected wiring shall be rated for and suitable for the size and type of wiring
that will be|required to belused in the installation;

— disconnefting means-shall be provided for each supply circuit in the equipment or be specified in the
installation [instructions, unless connectors are provided that are rated for disconnection undgr load; and

— wiring sppee)shall be sufficient for connections to be made and inspected, and shall provide sufficient
space for the required size and type of conductors to be installed without risk of damage or reduction of
separation from other circuits.

Compliance is checked by inspection, and by applying the requirements of Clause 7, Clause 9 and the
other applicable requirements in this clause.
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13.3.2 Connection to an a.c. mains supply

13.3.2.1 General

For safe and reliable connection to a mains supply, equipment shall be provided with one of the following:

— terminals or leads or a non-detachable power supply cord for permanent connection to the

supply; or

— a non-detachable power supply cord for connection to the supply by means of a plug; or

L H P 4 b £ (D L lol 1 !
— AT appidrice Tt TOT CUTITITULUIT U d UiallliadUic PUWTCT SUPPTYy LUTU, Ul

— g mains plug that is part of direct plug-in equipment as in 13.3.8.

NOTE In somg countries it is required to fit a plug conforming to local standards to the power cord of-certain equipmient.

Complianc¢ is checked by inspection.
13.3.2.2 Pgermanently connected equipment
Permanently connected equipment shall be provided with either:
— g set of terminals as specified in 13.3.3 for connection of supply wires; or

— g set of leads suitable for connection to supplyswires using standard means such a
or $plicing connectors, or

— g non-detachable power supply cord for'permanent connection to the source.
Permanently connected equipment having.@’set of terminals or leads shall:

— permit the connection of the\supply wires after the equipment has been fixed to its
an

— be provided with ¢able entries, conduit entries, knock-outs or glands, which allow c
of {he appropriate(sizes and types of cables or conduits.

NOTE Sizes and/types of cables and conduits are specified in national and local electrical installation codgs.

Dimlensions_ for entries will vary based on size and type of cable or conduit, and are not given in this stand

Conduit anfl.cable entries and knock-outs for supply connections shall:

5 wire nuts

support;

bnnection

(2

lard.

— not be located on covers that need to be removed to access or inspect wiring;

— be so designed or located that the introduction of the conduit and cable does not affect the
protection against electric shock, or reduce clearances and creepage distances below the

values specified in clause 7.3.7.4 and 7.3.7.5.

Leads provided for connection to supply wiring shall be sized according to Table 24 and shall
in wiring space according to 13.3.4.

be located
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Compliance is checked by inspection, by a practical installation test, and by measurement of clearance
and creepage distances.

13.3.2.3 Appliance inlets
Appliance inlets shall meet all of the following:
— be so located or enclosed that parts at hazardous voltage are not accessible during insertion

or removal of the connector (appliance inlets complying with IEC 60309 or with the IEC 60320
series are considered to comply with this requirement); and

[} 1 P B Y ) & L H | oY) P T4 L (1
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— be so located that, after insertion of the connector, the equipment is not supported py the
connector for any position of normal use on a flat surface.

Compliancg is checked by inspection and, for accessibility, by means of the test{finger specifig¢d in Figure
D.1 in Anngx D.

13.3.2.4 Ppwer supply cords
A power supply cord for connection to the a.c. mains shall comply with all of the following, as gppropriate:

— iff rubber insulated, be of synthetic rubber and not ©f & lighter grade than ordinary tgugh
rubber sheathed flexible cord according to IEC 60245-1 (designation 60245 IEC 53); pnd

— iff PVC insulated:

» for equipment provided with .asion-detachable power supply cord and having a mass
not exceeding 3 kg, be not ofa'lighter grade than light PVC sheathed flexiblg cord
according to IEC 60227-1«(designation 60227 IEC 52);

* for equipment provided with a non-detachable power supply cord and having a mass
exceeding 3 kg, bevnot of a lighter grade than ordinary PVC sheathed flexiblg cord
according to IEG, 60227-1 (designation 60227 IEC 53);

e for equipment provided with a detachable power supply cord, be not of a lighter grade
than lighttPVC sheathed flexible cord according to IEC 60227-1 (designation [60227 IEC
52);

NOTE There is no limit on the mass of the equipment if the equipment is intended for use with g detachable
power supply cord.

and

— include, for equipment required to have protective earthing, a protective earthing conductor having
green-and-yellow insulation; and

— have conductors with cross-sectional areas not less than those specified in Table 24.

Compliance is checked by inspection.


https://ulnorm.com/api/?name=UL 62109-1 2019.pdf

140

UL 62109-1

JULY 18, 2014

Table 24 — Sizes of conductors

terms are co|

mmonly used to désignate wire sizes in North America.

Rated current of equipment Minimum conductor sizes
Nominal cross-sectional area AWG or kcmil [cross-sectional area in
A mm?]
mm? see note 2
Up to and including 6 0,751 18 [0,8]
Over 6 up to and including 10 (0,75) 2 1,00 16 [1,3]
Over 10 up to and including 13 (1,0) 3 1,25 16 [1,3]
Over 13 up to and including 16 (1,0) 3 1,5 14 [2]
Over 16 up to and including 25 2,5 12 [3]
Over 25 up tp and mcluadng 32 T0 TO [5]
Over 32 up tp and including 40 6,0 8 [8]
Over 40 up tp and including 63 10 6 [13]
Over 63 up tp and including 80 16 4 [21]
Over 80 up tp and including 100 25 2 [33]
Over 100 up|to and including 125 35 1 [42]
Over 125 up|to and including 160 50 0 [53]
Over 160 up|to and including 190 70 000 [85]
Over 190 up|to and including 230 95 0000 [107]
Over 230 up|to and including 260 120 250 kemil [126]
Over 260 up|to and including 300 150 300 kemil [152]
Over 300 up|to and including 340 185 400 kemil [202]
Over 340 up|to and including 400 24Q 500 kemil [253]
Over 400 up|to and including 460 300 600 kemil [304]
1) For rated purrent up to 3 A, a nominal cross-sectional area of 0,5 mm? is permitted in some countries provided the length of
cord does nqt exceed 2 m.
2) The value|in parentheses applies to detachable power supply*cords fitted with the connectors rated 10 A in accoydance with
IEC 60320 (fypes C13, C15, C15A, and C17) provided that;the length of the cord does not exceed 2 m.
3) The valuelin parentheses applies to detachable powet 'supply cords fitted with the connectors rated 16 A in accofdance with
IEC 60320 (fypes C19, C21, and C23) provided thatithe length of the cord does not exceed 2 m.
NOTE 1 IEC|60320 specifies acceptable combinations of appliance couplers and flexible cords, including those covered by
items 1), 2), pnd 3). However, a number of countries have indicated that they do not accept all of the values listed in table 3B,
particularly those covered by conditions 1)y2)and 3).
NOTE 2 AW[G and kemil sizes are provided for information only. The associated cross-sectional areas, in square brackets, have
been roundef to show significant figures only. AWG refers to the American Wire Gage and the term “cmil” refers tq circular
mils where one circular mil is equal to~the area of a circle having a diameter of one mil (one thousandth of an inch)} These

13.

Re

3.2.4DV (DR Modification in accordance with the following:

placée the text “green-and-yellow” with “solid green or green-and-yellow”.
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13.325 C

ord anchorages and strain relief

For equipment with a non-detachable power supply cord, a cord anchorage shall be supplied such that:

— the connecting points of the cord conductors are relieved from strain; and

— the outer covering of the cord is protected from abrasion.

It shall not be possible to push the cord back into the equipment to such an extent that the cord or its
conductors, or both, could be damaged or internal parts of the equipment could be displaced.

For non-de -
be such that if the cord should slip in its anchorage, placing a strain on conductors, the protect

conductor

The cord
complying
bushing th

shall not af

The constr

— G

— f

-t
an

siz

- n

-t

me

Complianc
of power s

The cord is
direction. T|

During the

ill be the last to take the strain.
nchorage shall either be made of insulating material or have a lining, of insulati

ith the requirements for supplementary insulation. However, wherg. the cord anc
t includes the electrical connection to the screen of a screened power cord, this 1

ply.

iction of the cord anchorage shall be such that:

ord replacement does not impair the safety of the equipment; and

br ordinary replacement cords, it is clear how relief from strain is to be obtained; a
e cord is not clamped by a screw which.b&ars directly on the cord, unless the cof
horage, including the screw, is made of insulating material and the screw is of co
b to the diameter of the cord being.clamped; and

hethods such as tying the cordvinto a knot or tying the cord with a string are not us

he cord cannot rotate in relation to the body of the equipment to such an extent th
chanical strain is imposed on the electrical connections.

I is checked by inspection and by applying the following tests, which are made w|
pply cord supplied with the equipment.

subjected™to a steady pull of the value shown in Table 25 applied in the most u
he testlis/conducted 25 times, each time for a duration of 1 s.

tests, the power supply cord shall not be damaged. This is checked by visual insp

uction shall
ve earthing

ng material
horage is a
equirement

hd

d

mparable

ed; and

At

th the type

hfavourable

ection, and

by an electric strength test between the power cord conductors and accessible conductive parts, at the
test voltage appropriate for reinforced insulation.

After the tests, the power supply cord shall not have been longitudinally displaced by more than 2 mm nor
shall there be appreciable strain at the connections, and clearances and creepages shall not be reduced
below the values specified in 7.3.7.4 and 7.3.7.5.
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Table 25 — Physical tests on power supply cords

Mass (M) of the equipment Pull
kg N

M <A 30

1<M<4 60

M >4 100

13.3.2.6 Protection against mechanical damage

Power supply cords shall not be exposed to sharp points or cutting edges within or on the surface of the

equipment,[or at the inlet opening or Infet bushing.

The overall sheath of a non-detachable power supply cord shall continue into the equipment through any
inlet bushirjg or cord guard and shall extend by at least half the cord diameter beyend‘the clamp of the

cord anchagrage.
Inlet bushings, where used, shall:
— be reliably fixed; and
— ot be removable without the use of a tool.

A metallic inlet bushing shall not be used in a non-metallic_ enclosure.

An inlet bughing or cord guard secured to a conductive part that is not protectively earthed shall meet the

requirements for supplementary insulation.
Complianc¢ is checked by inspection.
13.3.3 Wirlng terminals for connection of ‘external conductors

13.3.3.1 Wiring terminals

Permanently connected equipment and equipment with non-detachable power supply cor@ls shall be
provided with terminals in which connection is made by means of screws, nuts or equally effeclive devices

(see also 7.3.6.3.6).

Complianc¢ is checked by inspection.
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13.3.3.2 Screw terminals

Screws and nuts which clamp external supply conductors shall have a thread conforming to 1ISO 261 or
ISO 262, or a thread comparable in pitch and mechanical strength (for example, unified threads). The
screws and nuts shall not serve to fix any other component, except that they are permitted also to clamp
internal conductors provided that the internal conductors are so arranged that they are unlikely to be
displaced when fitting the supply conductors.

The terminals of a component (for example, a switch) built into the equipment are permitted for use as
terminals for external mains supply conductors, provided that they comply with the requirements of this

section.

CompliancJa is checked by inspection.

13.3.3.3 Wiring terminal sizes
Terminals|shall be provided which accommodate the conductors specified in the |nstallation
documentation provided (see 5.3.1) and in the wiring rules applicable at the installation. Th]e terminals
shall meet] the temperature rise test of 4.3 when connected using wirfe sizes as specified in the
documentation or in Table 24, whichever is smaller.
Compliancg is checked by inspection, by the temperature measurements of 4.3, and by trial ingtallation of
the smallegt and largest conductors required.
13.3.3.3DV DR Modification by adding the following to the end of the Clause:
A wiring terminal or lead shall be rated and.sized for connection to a field wiring|conductor
haying an ampacity based on Table 310.15(B)(16) or (17), as appropriate, of tHe National
Elgctrical Code, ANSI/NFPA 70, of noyless than 125 percent of the RMS or dc current that
thg circuit carries during rated conditions.

13.3.34 W

Wiring tern
contact pre

iring terminal design

inals shall be so designed’that they clamp the conductor between metal surfaces w
ssure and without damage to the conductor.

th sufficient

Terminals ghall be so designed or located that the conductor cannot slip out when the clampging screws
or nuts are|tightened.
Terminals $hall be-provided with appropriate fixing hardware for the conductors (for examplge, nuts and

washers).

Terminals shall be so fixed that, when the means of clamping the conductor is tightened or loosened:

— the terminal itself does not work loose; and

— internal wiring is not subjected to stress; and

— clearance and creepage distances are not reduced below the values specified in 7.3.7.4 and

7.3

.7.5.

Compliance is checked by inspection and measurement of clearance and creepage distances.
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13.3.35 G

rouping of wiring terminals

Terminals associated with a particular input or output circuit shall be located in proximity to each other. In
addition, terminals for connection to the mains supply circuit shall be located in proximity to the protective
earthing terminal, if any.

Compliance is checked by inspection.

13.

3.3.5DV DR Modification by adding the following to the end of the Clause:

For bipolar photovoltaic systems, where the sum, without consideration of polarity, of the

PV

eq
ing
po

13.3.3.6 S

Terminals

conductor ¢scape when the conductor is fitted, there is no likelihood of accidental contact be

a strand an

Compliancg is checked by inspection and, unless a-spécial cord is prepared in such a way as

the escape]

A piece of
the approp
other stran
free strand

If the cong
accessible
any condud

If the conddictor is connected to a DVC A circuit or to an earthing terminal, the free strand shg

any part at

arity. The barrier shall extend to the input terminals.
NOTE Conduit extending into the field wiring enclosure enclosing one of the\ungrounded g
opposite polarity may serve as the physical barrier, as long as the installation instructions
requirement together with a note that it is needed for safety.

randed wire

shall be designed, located, guarded or insulatedsso that, should a strand of

d other parts if a shock, energy, or fire hazard-could result.

of strands, by the following test:
nsulation approximately 8 mm long'is removed from the end of a stranded condu

Is are fully inserted into, andlelamped in the terminal. Without tearing the insulatio
is bent in every possible-direction, but without making sharp bends around the gu

uctor is in a circuit\ef ‘'DVC C, the free strand shall not touch any conductive

pr is connected t0 an accessible conductive part or, in the case of double insulated
tive part that is_separated from accessible conductive parts by supplementary insu

DVC Bwor C.

lipment to be connected to the input of the PCE, the field wiring enclosure)ffor the DC

fysmhzgwd-m—nmmpdmmmmmmg—d—wmjrtors and
ut shall include a physical barrier between the ungrounded conductors opposite

onductors of
includes this

A stranded

ween such

to prevent

ctor having

riate nominal cross-sectional aréa. One strand of the stranded conductor is left flee and the

n back, the
ard.

part that is
equipment,
lation only.

Il not touch
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13.3.4 Supply wiring space

The supply wiring space provided inside, or as part of, the equipment for permanent connection or for
connection of a non-detachable power supply cord shall be designed:

— to allow the conductors to be introduced and connected easily; and

— so that the uninsulated end of a conductor is unlikely to become free from its terminal, or,
should it do so, cannot come into contact with:

* an accessible conductive part that is not protectively earthed; or

¢ an accessible conductive part of hand-held equipment; and

— 10 permit checking before fitting the cover, if any, that the conductors are corréctly ¢onnected
andl positioned; and

— g0 that covers, if any, can be fitted without risk of damage to the supply conductorg or their
insplation; and

— gp that covers, if any, giving access to the terminals can be removed with a commgnly
available tool.

Compliancg is checked by inspection and by an installation test with wires or cables of |the largest
cross-sectipnal area required.

13.3.5 Wirg bending space for wires 10 mm? and gredater

The distan¢e between a terminal for connectioprto external wiring and an obstruction toward which the
wire is direfted upon leaving the terminal shall be at least that specified in Table 26.

13.3.5DV D1 Modification by-replacing with the following:
Wire bending space shall-be in accordance with Wire Space, Wiring Gutters] and Wire

Behding Space, Section 15, of the Standard for Panelboards, UL 67, or Sectioh 17 of UL
1741.
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Table 26 — Wire bending space from terminals to obstructions
Size of wire Minimum bending space, terminal to obstruction
mm
mm? Wires per terminal
1 2 3
10 - 16 40 - -
25 50 - -
35 65 - -
50 80 125 180
70 90 150 190
95 105 180 205
120 205 205 230
150 255 255 280
185 305 305 330
240 305 305 380
300 355 405 455
350 355 405 510
400 455 485 560
450 455 485 610
Table 26DV D1 Deletion
Dejete Table 26.
13.3.6 Dis¢onnection from supply sources
To enable pervicing, a disconnect device or devices shall be provided to disconnect the equipment from
each source of supply that has a hazardous live’voltage or exceeds the values for hazardougs energy or
from which| a hazardous live voltage or energy is derived. As an alternative, the installation jnstructions
shall instru¢t that a disconnect device for eaeh source of supply be provided as part of the instgllation, and
shall indicate the required type and ratings for the device(s).
If the PCH is provided with a conhector rated for disconnection under load, and the cpnnector is
accessible without requiring the\use of a tool to allow emergency disconnection, no further digconnecting
means is re¢quired.
Where a cqnnector can-he disconnected without tools, each of the disconnected or open connector ends,
shall compl]y with the Tequirements in Clause 7 to prevent access to hazardous parts durlng or after
disconnection.

Compliancg is-checked by inspection of the equipment and the installation instructions.

13.

3.6DV DR Modification by adding the following to the end of the Clause:

A disconnect device shall:

a) Open all ungrounded conductors of the circuit to which it is connected,

b) Consist of a manually operated switch, circuit breaker or pluggable connector
suitable for disconnect under load in accordance with the Outline of Investigation

for Multi-Pole Connectors for Use in Photovoltaic Systems, UL 6703A,
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c) Employ an operating handle that is accessible from outside of the enclosure

or located behind a hinged cover not requiring a tool for opening, and

d) Be marked to identify the disconnect device, switch, or breaker for the output

ac and dc power circuits.

18.3.7 Connectors, plugs and sockets

Connectors, plugs and sockets shall not be employed in a manner likely to create a hazard due to
misconnection.

Where conprectors—areusedHt-shattnot-bepossibtetoconmectthemmisatigmed-or-withrreverge polarity if
a hazard would result.
Use of a cpnnector with a standardized purpose in a circuit type other than that for which it|is intended

(for examp

If connecto
and after s

Compliancg is checked by inspection, and if necessary by a test of<connector misalignment

polarity. Te
for reverse

13.3.8 Dirg

Direct plug

comply with the standard for the relevant mains plug:

e use of an a.c. mains socket for d.c. connections) shall not result in a,hazard.

's can be separated without the use of a tool, no hazard shall resultyfrom or be expg
bparating the connector parts.

sting conditions and pass/fail criteria shall be as in 4,4 in’general, and 4.4.4.11 a
polarity and miswiring testing.

ct plug-in equipment

Hin equipment shall not impose undue stress on the socket-outlet. The mains plu

Complianc

The equipment is inserted, as in normaltuse, into a fixed socket-outlet of a configuration as i

the manuf

at a distan¢e of 8 mm behind the, engagement face of the socket outlet.

The additi

vertical plahe shall not exceed 0,25 N-m.

138.8DV DR-Modification by replacing the clause with the following:

Di

is checked by inspection and, if necessary, by the following test.

turer, which can be pivoted-about a horizontal axis intersecting the centre lines of t

al torque whichhas to be applied to the socket-outlet to maintain the engagement

ct.plug-in equipment shall not impose undue stress on the socket-outlet.

sed, during

or reverse
nd 4.4.4.13

h part shall

ntended by
ne contacts

face in the

The mains

plyg-part shall comply with the Standard for Attachment Plugs and Receptacles, UL 498.
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13.4 Internal wiring and connections
13.4.1 General

The wiring and connections between parts of the equipment and within each part shall be protected from
mechanical damage during installation. The insulation, conductors and routing of all wires of the
equipment shall be suitable for the electrical, mechanical, thermal and environmental conditions of use.
Conductors which are able to contact each other or bare live parts shall be provided with insulation rated

for the highest possible working voltage present.

13.4.2 Routing

A hole thro
be provideq
upon which

Wires shal
similar part

igh which insulated wires pass in a conductive wall within the enclosure of the equi
with a smooth, well-rounded bushing or grommet or shall have smooth, well-round
the wires bear to reduce the risk of abrasion of the insulation.

be routed away from sharp edges, screw threads, burrs, fins, moving parts, dn
5, which could abrade the wire insulation.

The minim@im bend radius specified by the wire manufacturer shall not beviolated.

Clamps an
smooth, weg
flow of the
insulation |

13.4.3 Col
Insulated ¢
identified b
protective |
13.4.4 Spl

All splices

Electrical ¢
joint, other

When strar
loose stran

I guides, either metallic or non-metallic, used for routing“internal wiring shall be pr
ll-rounded edges. The clamping action and bearingsurface shall be such that abra
insulation does not occur. If a metal clamp islused for conductors having th

bss than 0,8 mm thick, non-conducting mechanigal protection shall be provided.

pbur coding

onductors, other than those which care integral to ribbon cable or multi-cord si
y the colour green with or without-ornie or more yellow stripes shall not be used ot
onding.

ces and connections

hnd connections shall.be mechanically secure and shall provide electrical continuit

pnnections shall be soldered, welded, crimped, or otherwise securely connected.
than a companent on a PWB, shall additionally be mechanically secured.

ded internal wiring is connected to a wire-binding screw, the construction shall b
ds of wire do not contact:

bment shall
bd surfaces

awers, and

pvided with

sion or cold
ermoplastic

gnal cable,
her than for

.

A soldered

e such that

*0

her uninsulated live parts not always of the same potential as the wire; or

* de-energized metal parts.

When screw terminal connections are used, the resulting connections may require routine maintenance

(tightening)

. Appropriate reference shall be made in the maintenance manual (see 5.3.4).
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The end of a stranded conductor shall not be consolidated by soft soldering at places where the conductor
is subject to contact pressure unless the method of clamping is designed so as to reduce the likelihood
of a bad contact due to cold flow of the solder. Spring terminals that compensate for the cold flow are
deemed to satisfy this requirement. Preventing the clamping screws from rotating is not considered to be
adequate.

13.4.5 Interconnections between parts of the PCE

In addition to complying with the requirements given in 13.4.1 to 13.4.4, the means provided for the
interconnection between parts of the PCE shall comply with the following requirements:

Cable ass uipment or
between units of a system shall be suitable for the service or use involved. Cables shall be protected from
physical dgmage as they leave the enclosure and shall be provided with mechanical stfain rejief.
Misalignmgnt of male and female connectors, insertion of a multipin connector in-a.connector other than
the one intended to receive it, reverse polarity connection, and other manipulations of part§ which are
accessible [without the use of a tool shall not result in mechanical damage or a risk of thermlal hazards,
electric shqck, or injury to persons.

Compliancg with 13.4.2 to 13.4.5 is shown by inspection.
13.5 Openlings in enclosures

For equipment intended to be used in more than one orientation, the requirements of this clayse apply in
each orientation.

These reqyirements are in addition to those in the\following sections:
— 7.3.4, Protection against direct contact;
— 74, Protection against energyhazards;
—9.1.4, Openings in fire enelosures.

13.5.1 Tog and side openings

Openings ih the top and-sides of enclosures shall be so located or constructed that it is Unlikely that
objects willenter thexopenings and create hazards by contacting bare conductive parts.

Openings, |ocated behind doors, panels, covers, etc., that can be opened or removed by a user, are not
required to|cemply provided that the equipment openings comply with the doors, panels and cojers closed
or in place.

Compliance is checked by inspection and measurement of the physical dimensions as specified below.

Except for that portion of the side of a fire enclosure that is subject to the requirements of 9.1.4, any one
of the following is considered to satisfy the requirements (other constructions are not excluded):

— openings that do not exceed 5 mm in any dimension;

— openings that do not exceed 1 mm in width regardless of length;
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— top openings in which vertical entry is prevented (see Figure 16 for examples);

— side openings provided with louvers that are shaped to deflect outwards an external vertically falling
object (see Figure 17 for examples);

— top or side openings, as shown in Figure 18, that are not located vertically, or within a volume V
bounded by a 5° vertical projection up to the size of opening L, above bare conductive parts:

NOTE The examples of Figure 16, Figure 17, and Figure 18 are not intended to be used as engineering drawings but are only shown
to illustrate the intent of these requirements.

\ / NN

Slanted openings Vertical openings

su1302

Figure [16 — Examples of cross-sections of designs of openings preventing vertical pccess
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TN

Inside Outside Inside Outside

-

Outward projections Inward'projections
su1303

Figure 17 — Examples of jouver design
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su1304

Key

A Enclosure gpening.

B Vertical profection of the outer edges of the opening.

C Inclined lings'that project at a 5° angle from the edges of the opening to points located E distance from B.

D Line which is projected straight downward in the same plane as the enclosure side wall.

E Projection of the outer edge of the opening (B) and the inclined line (C) (not to be greater than L).
L Maximum dimension of the enclosure opening.

V Volume in which bare parts at hazardous voltage or hazardous energy are not located.

Figure 18 — Enclosure openings
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13.6 Polymeric materials

13.6.1 General

Polymeric materials shall comply with 9.1.3 regarding materials selection for fire enclosures and for
protection against fire hazard, with the thermal index or capability requirements in 13.6.1.1, and with the
applicable requirements in 13.6.2, 13.6.3, and 13.6.4 as follows:

— section 13.6.2 for polymers serving as enclosures or barriers to provide protection against
access to hazards (for example protection against direct contact according to 7.3.4.2 or
protection against moving parts according to 8.2);

— 8
— §

A polymeri
applicable

13611 T

All polyme
capability (
of the matg
capability
index (RTI
with at leag
60216-6, A

13.6.2 Pol

A polymeri
the followir]

13.6.2.1 S
Enclosures

distortion o
does not re

ection 13.6.3 for polymers serving as solid insulation;

ection 13.6.4 for resistance of polymeric parts to UV exposure.

~
9

material or part that serves more than one of the above functiéns’shall com
equirements.

hermal index or capability

[ic materials relied upon for compliance with this standard shall have a therm
blectrical and mechanical) at least as high as the maximum measured operating t
rial in the application, as measured during the temperature test of 4.3. The thern
hall be in accordance with at least one of the fellowing: thermal index (TI), relat
, relative thermal endurance index (RTE) or“relative thermal capability (RTC) in
t one of the following standards; IEC 60246-1, IEC 60216-2, IEC 60216-3, IEC 6(
NSI UL 746B, or UL ANSI UL 746C.

mers serving as enclosures or batriers preventing access to hazards

C material serving as an enclosure or barrier to prevent access to a hazard shall ¢
g requirements.

ress relief test
of moulded or, formed thermoplastic materials shall be so constructed that any s

f the material\due to release of internal stresses caused by the moulding or formin
sult in the.exposure of hazardous parts or in the reduction of creepage distances or|

below the minimum_required.

ply with all

al index or
emperature
al index or
ve thermal
hccordance
216-5, IEC

omply with

hrinkage or
g operation
clearances

Compliancg is checked by the test procedure described below or by the inspection of the consf{ruction and

the available data where appropriate. One sample consisting of the complete equipment, or of the
complete enclosure together with any supporting framework, is placed in a circulating air oven (according
to IEC 60216-4-1) at a temperature 10 K higher than the maximum temperature observed on the
enclosure during the test of 4.3, but not less than 70 °C, for a period of 7 h, then permitted to cool to room
temperature.

With the concurrence of the manufacturer, it is permitted to increase the above time duration. For large
equipment where it is impractical to condition a complete enclosure, it is permitted to use a portion of the
enclosure representative of the complete assembly with regard to thickness and shape, including any
mechanical support members.
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NOTE Relativ

e humidity need not be maintained at a specific value during this test.

There shall be no exposure of hazardous parts or reduction of creepage distances or clearances below

the minimu

m required.

13.6.3 Polymers serving as solid insulation

A polymeric material serving as solid insulation shall comply with the requirements of 7.3.7.8, and the

following.

13.6.3.1 Resistance to arcing

A polymeri
arc under n

in accordamce with ANSI UL 746C. The HAI rating shall be 15 or better for material with a f

rating of V-
or better.

13.6.4 UV

Polymeric
resistant to

Compliancg is checked by examination of the construction/ and of available data regard

resistance
not availab

Samples t3
for the test

After cond
cracking. T
after which

In order to
according 1
specified ir

. material located inside the fire enclosure and closer than 13 mm from unenclose
ormal conditions, such as switch contacts, shall have a high-ampere arc ignition

D or better, and the HAI rating shall be 30 or better for material with a flammability r,

resistance

parts of an outdoor enclosure required for compliance with this standard shall be
degradation by ultra-violet (UV) radiation.

Characteristics of the enclosure material and any.associated protective coating. If
e, the following tests are to be carried out.

ken from the parts, or consisting of identical material, are prepared according to th
to be carried out. They are then UV conditioned according to Annex J.

tioning, the samples shall show no signs of significant deterioration, such as
hey are then kept at room ambient conditions for not less than 16 h and not more
they are tested according.to’the standard for the relevant test.

pvaluate the percentiretention of properties after test, samples that have not been
P Annex J are teSted at the same time as the conditioned samples. The retention
Table 27.

0 parts that
HAI) rating
lammability
hting of V-1

sufficiently

ng the UV
uch data is

e standard

crazing or
than 96 h,

conditioned
shall be as
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Table 27 — Minimum property retention limits after UV exposure

Parts to be tested Property Standard for the test Minimum retention after test
method
o ) Tensile strength 2 ISO 527 70 %
Parts providing mechanical or
support
Flexural strength & © ISO 178 70 %
Charpy impact © 1ISO 179 70 %
or
Parts providing impact Izod impact © 1SO 180 70 %
resistance
or
Tensie impact © SO 8250 70 73
All parts Flammability classification 9.1.3 note

loading method.

a Tensile strgngth and flexural strength tests are to be conducted on specimens no thicker than the actual thicknesges.
P The side of the sample exposed to UV radiation is to be in contact with the two loading points when using‘the thr¢e-point

¢ Tests condpcted on 3,0 mm thick specimens for Izod impact and tensile impact tests, and 4,0 mim\thick specimeng for Charpy
impact tests,|are considered representative of other thicknesses, down to 0,8 mm.

d The flammability classification may change as long as it does not fall below that specified ir91.3.

13.7 Mechanical resistance to deflection, impact, or drop

13.7.1 General

The mechgnical deflection, impact, or drop likely to occurlin ‘normal use shall not result in @ hazard or

reduction
componen

Complianc

is checked by the following tests, as-applicable:

f protection provided in the PCE. Equipment shall have adequate mechanical strength,
shall be reliably secured, and electrical cohnections shall be secure.

— the 250 N deflection test of 13.7.2y— applies to PCE with metal enclosures, except for direct
plug-in, handheld, and transportable equipment;

— the 7 J impact test of 13{7.8 — applies to PCE with polymeric enclosures, except fof direct

c

p

p-in, handheld, and transportable equipment;

— the drop test of (13:7.4 — applies to direct plug-in, handheld, and transportable equipment.

For impact|and drop¢tests on polymeric parts, the test shall be performed after the part unde

test or the

complete HCE is larought to the lowest temperature for which the PCE is rated for use. The PCE or part
is not engrgized-during this temperature conditioning, and the impact or drop test is|performed

immediatel

upon removal from the temperature chamber.

At the conclusion of the applicable test, the PCE shall pass the voltage test of 7.5.2 and shall be inspected

to check that:

— live parts have not become accessible;

— enclosures show no cracks or openings which could cause a hazard;

— clearances are not less than their minimum permitted values and other insulation is
undamaged; clearances are to be verified using the impulse test of 7.5.1 unless they can be
inspected and determined not to have been reduced;
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— barriers have not been damaged or loosened;

— no moving parts which could cause a hazard are exposed.

The PCE is not required to be operational after testing and the enclosure may be deformed to such an

extent that

13.

its original IP classification is not maintained.

7.1DV DE Modification by adding the following to the end of the Clause:

The 250 N deflection test of 13.7.2 is not required for metal enclosures meeting
requirements for thicknesses as specified in 13.8.2 or 13.8.3.

13.7.2 250

The enclos
for 5 s thro

13.7.3 7J

A sample

shall be su
and with a
1 300 mm

In addition,
horizontal i
this test.

If the pend
surfaces by
of the pend

13.7.4 Dro

N deflection test for metal enclosures

Lire shall be held firmly against a rigid support and subjected to a steady force/of 25
ugh the end of a rod having a 12,7 mm by 12,7 mm square, flat steel face.

impact test for polymeric enclosures

onsisting of the enclosure or a portion thereof representing.the largest non-rein
bported in its normal position. A solid smooth steel sphere, approximately 50 mm
mass of 500 g + 25 g, shall be permitted to fall freely.from rest through a vertical
bnto the sample. Vertical surfaces are exempt from¢this test.

the steel sphere shall be suspended by a cord:and swung as a pendulum in orde

mpact, dropping through a vertical distance of*1"300 mm. Horizontal surfaces are e

ulum test is inconvenient, it is permitted to simulate horizontal impacts on vertica
mounting the sample at 90° to its-normal position and applying the vertical impact
ulum test.

p test

The drop tgst applies to hand:held; direct plug-in, and transportable equipment.

A sample ¢f the completée_equipment is subjected to three drops onto a horizontal surface

likely to prg

The height

duce the most ‘adverse results.

of the~drops shall be 1 000 mm + 10 mm.

D N applied

orced area
in diameter
distance of

r to apply a
xempt from

or sloping
est instead

n positions

wood each

The horizontal surface consists of hardwood at least 13 mm thick, mounted on two layers of ply

19 mm to 20 mm thick, all supported on a concrete or equivalent non-resilient floor.
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13.8 Thickness requirements for metal enclosures
13.8.1 General

Metal enclosures shall have a thickness as specified in 13.8.2 or 13.8.3. This does not apply to enclosures
that comply with the applicable tests of 13.7.

13.8.2 Cast metal

Die-cast metal, except at threaded holes for conduit, where a minimum of 6,4 mm is required, shall be:

150 mm;

ot less than 1,2 mm thick for an area of 155 cm? or less and having no dimensior| larger
150 mm.

The area upder evaluation may be bounded by reinforcing ribs subdividing a‘larger area.
Malleable ifon or permanent-mould cast aluminium, brass, bronze, or zine/shall be:

least 2,4 mm thick for an area greater than 155 cm2orRaving any dimension mgre than

150 mm; and

- j;t least 1,5 mm thick for an area of 155 cm? or less having no dimension more thah 150 mm;
an

— gt least 6,4 mm thick at threaded holes_for-conduit.

A sand-cagt metal enclosure shall be a minimum of 3,0 mm thick except at locations for threaded holes
for conduit] where a minimum of 6,4 mm is.required.

13.8.3 Shdet metal

The thickngss of a sheet-metalenclosure at points to which a wiring system is to be connected shall be
not less than 0,8 mm thick for*uncoated steel, 0,9 mm thick for zinc-coated steel, and 1,2 mm thick for
non-ferroug metal.

Enclosure thickness‘at-points other than where a wiring system is to be connected shall be not less than
that specified in Table 28 or Table 29.

With referepee)to Table 28 and Table 29, a supporting frame is a structure of angle or channgl or folded
section of sheet metal, which is attached to and has the same outside dimensions as the enclosure
surface, and which has torsional rigidity to resist the bending moments that are applied by the enclosure
surface when it is deflected.

A structure that is as rigid as one built with a frame of angles or channels has equivalent reinforcing.
Constructions without supporting frame include:

— a single sheet with single formed flanges or edges;

— a single sheet which is corrugated or ribbed;
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— an enclosure surface loosely attached to a frame, for example, with spring clips; and
— an enclosure surface having an unsupported edge.

Table 28 — Thickness of sheet metal for enclosures: Carbon steel or stainless steel

Without supporting frame 2 With supporting frame 2 Minimum thickness
Maximum width Maximum length Maximum width Maximum length
mm mm © mm ° mm © mm
100 Not limited 160 Not limited 0,6¢
120 150 170 210
150 Not limited 240 Not limited 0,75 ¢
180 220 250 320
200 Not limited 310 Not limited Q.9
230 290 330 410
320 Not limited 500 Not limited 12
350 480 530 640
460 Not limited 690 Not limjted 14
510 640 740 910
560 Not limited 840 Not fimited 15
640 790 890 1 090
640 Not limited 990 Not limited 1.8
740 910 1040 1 300
840 Not limited 1300 Not limited 3,0
970 1200 1370 1680
1 0y0 Not limited 1630 Not limited 3,5
1 2P0 1 500 1,730 2130
1 3p0 Not limited 2 030 Not limited 3,8
1 5pP0 1880 2130 2 620
1 6p0 Not limited 2 460 Not limited 3,0
1 8p0 2 290 2 620 3230
@ See 13.8.3
b The width is the smaller dimension of a rectahgular piece of sheet metal which is part of an enclosure. Adjacent gurfaces of
an enclosurg are able to have supports in common and be made of a single sheet.
¢ Not limited |applies only when the edge of the surface is flanged at least 12,7 mm or fastened to adjacent surfaceg not
normally removed in use.
d Sheet stee| for an enclosure intended for outdoor use shall be not less than 0,86 mm thick.
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Table 29 — Thickness of sheet metal for enclosures: aluminium, copper or brass
Without supporting frame 2 With supporting frame 2 Minimum thickness

Maximum width Maximum length Maximum width Maximum length

mm P mm ¢ mm P mm ¢ mm

75 Not limited 180 Not limited 0,6¢

90 100 220 240

100 Not limited 250 Not limited 0,75
125 150 270 340

150 Not limited 360 Not limited 0,9
165 200 380 460

200 Not limited 480 Not limited 1,2
240 300 530 640

300 Not limited 710 Not limited 1,5
350 400 760 950

450 Not limited 1100 Not limited 3,0
51 640 1150 1 400

640 Not limited 1 500 Not limjted 3,4
740 1 000 1 600 2,000

940 Not limited 2 200 Not fimited 3,0
1 1po 1 350 2 400 2900
1 3p0 Not limited 3100 Not limited 3,9
1 5p0 1 900 3 300 4100

2 See 13.8.3

b The width i the smaller dimension of a rectangular piece of sheet metal'which is part of an enclosure. Adjacent gurfaces of

an enclosurg are able to have supports in common and be made of a‘single sheet.

¢ Not limited |applies only when the edge of the surface is flanged at’least 12,7 mm or fastened to adjacent surfaceg not

normally removed in use.

d Sheet alunfinium, copper or brass for an enclosure intendéd for outdoor use shall be not less than 0,74 mm thick|
Compliancg with 13.8.2 and 13.8.3 is showf)by inspection and measurement of the physical gimensions.
14 Compgnents
14.1 General
Where saféty is involved,(components shall be used in accordance with their specified ratings unless a
specific ex¢eption is made. They shall conform to one of the following:

a) applicabje safety requirements of a relevant IEC standard. Conformity with other requirements of the

componenf standard is not required. If necessary for the application, components shall be subjgcted to the
tests of this«standard, except that it is not necessary to carry out identical or equivalent tests already

performed

O ChecCK contormity with the component Standard;

b) the requirements of this standard and, where necessary for the application, any additional applicable

safety requ

irements of the relevant IEC component standard;

c) if there is no relevant IEC standard, the requirements of this standard;

d) applicable safety requirements of a non-IEC standard which are at least as high as those of the
applicable IEC standard, provided that the component has been approved to the non-IEC standard by a

recognized

testing authority.
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Components such as optocouplers, capacitors, transformers, and relays connected across basic,
supplemental, reinforced, or double insulation shall comply with the requirements applicable for the grade
of insulation being bridged, and if not previously certified to the applicable component safety standard
shall be subjected to the voltage test of 7.5.2 as a routine test.

NOTE 1 Tests performed by a recognized testing authority which confirm conformity with applicable safety requirements need not
be retested, even if the tests were performed using a standard other than an IEC standard.

NOTE 2 An IEC component standard is considered relevant only if the component in question clearly falls within its scope.

Figure 19 is a flow chart showing methods of compliance verification.

CompliancJa is checked by inspection and, if necessary, by test.
141DV DE Modification by adding the following:

e) |n addition to items a — d, for PCE compliance with the NEC and ‘other US installation
cogles, Annex DVA identifies specific US component standards that shall be applied for the
furjction(s) as defined in accordance with the following:

1. Integral PCE components relied upon to interéonnect with and or prgtect
system components (external to the PCE), system wiring, loads, etc., shall be of
the type(s) defined in the applicable portion-of the NEC and shall comply with the
applicable portions of the US/UL standards for that component type or function.
They shall be suitable for the application within the end product includipng the
end product ratings and including foreseeable abnormal conditions. Example
include but are not limited to; branch overcurrent protection, switches,
disconnects, arc fault circuit interruption (AFCI) devices, wire, cable, connectors,
contactors, PV modules, etc.

2. Separate PCE system components not integral to the PCE shall comply with
Annex DVA or other relevant US/UL standards for that component.



https://ulnorm.com/api/?name=UL 62109-1 2019.pdf

JULY 18, 2014 UL 62109-1 161

Component

Y Y

Applicable Complete No relevant IEC Tested by a
requirements of requirements standard recognized
relevant IEC in IEC 62109 testing authority
comporjent standard to safety
fllfilled yes reguirements
yes meeting or
exceeding
no rglevant IEC
btandards
Y
Agplicable Test according Test according
tests of to IEC 62109 to IEC 62109
relgvant IEC
component
sfandard

Additional
requirements
according to
IEC 62109 (if
necessary for
application)

Applicable
tests of

relevant IEC
component
standard

yes

Test according
to IEC 62109

( ACCEPTABLE )

su1306

Figure 19 - Methods of compliance verification
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14.2 Motor overtemperature protection

Motors which, when stopped or prevented from starting (see 4.4.4.3), would present an electric shock
hazard, a temperature hazard, or a fire hazard, shall be protected by an overtemperature or thermal
protection device meeting the requirements of 14.3.

Compliance is checked by the fault test of 4.4.4.3.

14.3 Overtemperature protection devices

Overtemperature protection devices are devices operating in single fault condition and shall meet all of

the followingrequirements:

a) Self-res

b) Non-sel

be constructed so that reliable function is ensured;

be rated to interrupt the maximum voltage and current of the circuit in-which they

loyed;

is checked by studying the operating principle of/the device and by the following
nt operated in single fault condition (see 4.4)..The number of operations is as fol

tting overtemperature protection devices.are' caused to operate 200 times.

-resetting overtemperature protectign*devices, except thermal fuses, are reset

operation gnd thus caused to operate 10 times.

c) Non-res¢
NOTE Forced
During the

non-resetti
that could :I:

tting overtemperature protective devices are caused to operate once.
cooling and resting periods, may be introduced to prevent damage to the equipment.
test, resetting devices shall operate each time the single fault condition is 4

g devices shall operate once. after the test, resetting devices shall show no sign
revent their.@peration in a further single fault condition.

are

ystem shall

tests, with

OWS:

after each

pplied and
of damage
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14.4 Fuse

holders

Fuse holders with fuses intended to be replaceable by an operator shall not permit access to parts that
are hazardous live during fuse replacement.

Compliance is checked by testing according to 7.3.4.

14.5 Mains voltage selecting devices

Devices shall be constructed so that a change from one voltage or one type of supply to another cannot
occur accidentally. The markings of voltage selecting devices are specified in 5.1.4 and 5.1.6.

CompliancJa is checked by inspection and manual test.

14.6 Printed circuit boards

Printed cird

This requifement does not apply to thin-film flexible printed circuit boards that contain o

powered fr

Conformity
conformity

14,

Pri
of

bm limited power sources meeting the requirements of 9.2.

of the flammability rating is checked by inspection of ‘data on the materials. A
s checked by performing the V-1 test on three samples of the relevant parts.

6DV DE Modification by replacing the first'sentence with the following:

-1 or better.

14.7 Circdits or components used as transient overvoltage limiting devices

If control o
circuit shall
7.5.1 excey

transient overvoltage is employed in the equipment, any overvoltage limiting co

t 10 positive and 10 negative impulses are to be applied and may be spaced up to

uit boards shall be made of material with a flammability classification of V-1 or better.

nly circuits

ternatively,

ted circuit boards shall comply with UL 796 and shall have a flammability classification

mponent or

be tested with the applicable’impulse withstand voltage of Table 16 using the test method from

min apart.

Compliancg is checked by the'above test. After the test there shall be no sign of overload, nor gegradation

of performa

NOTE Circuit
above test.

14,

nce of a component.

or components used to control the temporary overvoltages described in IEC 60364-4-442 cannot bej

tested by the

7DV DE Modification by adding the following first sentence:

Surge protective components such as varistors and MOVs shall comply with the applicable
portions of UL 1449.

14.8 Batteries

Equipment containing batteries shall be designed to reduce the risk of fire, explosion and chemical leaks
under normal conditions and after a single fault in the equipment including a fault in circuitry within the

equipment

battery pack.

14.8.1 Battery enclosure ventilation
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14.8.1.1 Ventilation requirements

PCE Enclosures for non-sealed and valve-regulated batteries shall comply with all the following:

a)

the enclosure or compartment housing the batteries shall be vented to reduce the

accumulation of explosive gasses;

b) arcing parts such as the contacts of switches, circuit breakers, and relays shall not be

loc

ated in the battery compartment; and

c) the battery compartment shall not vent into compartments with enclosed spaces that contain

arg

To reduce
to provide
as hydroge]
limit prever
2 % by vol

Constructig
hazardous

NOTE A lead
of hydrogen g

Compliancg is verified by inspection, and by the following. tests.

14
De
148.1.2 V
Complianc
overchargi
to be adju

protective (

Samples o
greatest co

.Ily }JGIAI.D.

the risk of explosion, the PCE enclosure or compartment enclosing a battery ‘shal
bufficient airflow to reduce the build-up of hazardous pressure or accumulation of g
h-air, during heavy discharge, overcharging, or similar type of usage. The venting 1
t hazardous concentrations of the liberated gasses. Hydrogen concehtrations shall
ime.

ns that incorporate fans or filters on a battery enclosure or a;eompartment shall a
concentrations of the liberated gasses under blocked fan‘and blocked filter conditi

acid battery at full charge, when most of the charging energy ge€syinto gas, will generate approximate
As per cell for each 63 ampere-hours of input.

8.1.1DV DE Modification in accordance with the following:

ete the word “limit” from the second paragraph.

bntilation testing

with 14.8.1.1 is verified-by inspection, and by subjecting a fully charged battery
g condition for 7 h, Any adjustable controls associated with the charger or chargin
sted for the most severe charging rate that that does not cause a thermal or

evice to operate;

the atmoesphere within the battery compartment are to be taken at the location
ncentration of hydrogen gas is likely, using an aspirator bulb provided with the cg

measureant equipment, or other equivalent means.

be vented
ases, such
heans shall
not exceed

Iso prevent
bNs.

v 13 (28,3 1)

bank to an
) circuit are
pvercurrent

where the
ncentration

During and at the conclusion of the test, the maximum hydrogen gas concentration shall not be more than
2 % by volume. Measurements are to be made by sampling the atmosphere inside the battery

compartme

nt at periods of 2, 4, 6, and 7 h during the test.

Compliance with the requirements for prevention of hazardous accumulation with blocked fan or fan filters
is verified by performing the above test with the fan or filter blocked. It is not necessary to perform the test
in both the blocked and unblocked conditions, if the EUT passes the test in the blocked condition(s).
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