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INTERNATIONAL ELECTROTECHNICAL COMMISSION

UNINTERRUPTIBLE POWER SYSTEMS (UPS) -
Part 1: Safety requirements

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization compgrising
national electrotechnical committees (IEC National Committees). The object of IEC is”,ta prpmote
rnational co-operation on all questions concerning standardization in the electrical and electronitC fielfls. To
end and in addition to other activities, IEC publishes International Standards, Technical \Specificgtions,
Tegchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| "IEC
Pdblication(s)"). Their preparation is entrusted to technical committees; any IEC National‘Committee intefested
in|the subject dealt with may participate in this preparatory work. International, governmental and non-
ernmental organizations liaising with the IEC also participate in this preparatioms4EC collaborates dlosely
with the International Organization for Standardization (ISO) in accordance with,*conditions determined by

2) The formal decisions or agreements of IEC on technical matters express, as h€afly as possible, an interngtional
consensus of opinion on the relevant subjects since each technical cammittee has representation frgm all

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

4) In]order to promote international uniformity, IEC Natiodal Committees undertake to apply IEC Publicjations
trgnsparently to the maximum extent possible in theiryhational and regional publications. Any divergence
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indicgdted in
the¢ latter.

5) IE[ itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
aspessment services and, in some areas, aecess to IEC marks of conformity. IEC is not responsible f¢r any
sefvices carried out by independent certification bodies.

6) Allusers should ensure that they have,the latest edition of this publication.

7) Ngq liability shall attach to IEC or itsidirectors, employees, servants or agents including individual exper{s and
m¢mbers of its technical committees and IEC National Committees for any personal injury, property damgage or
other damage of any nature Whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC
Pdblications.

8) Atfention is drawn to.the/ Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for the_correct application of this publication.

9) Atjention is drawnato 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.

DISCLAIMER

This«Extended version is intended only to provide the user with a comprehengive
conWmmmWed

version is not an official IEC Standard. Only the current versions of the related
standards are to be considered the official documents.

This Extended version of IEC 62040-1:2017 includes the provisions of the general rules
dealt with in IEC 62477-1:2012. Clauses and subclauses of IEC 62477-1:2012 that are
applicable in IEC 62040-1:2017 have been introduced in the content in red text.

International Standard IEC 62040-1 has been prepared by subcommittee 22H: Uninterruptible
power systems (UPS), of IEC technical committee 22: Power electronic systems and
equipment.

This second edition cancels and replaces the first edition published in 2008 and its
Amendment 1:2013. This edition constitutes a technical revision.
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This edition includes the following significant technical change with respect to the previous
edition: the reference document has been changed from IEC 60950-1:2005 (safety for IT
equipment) to IEC 62477-1 (group safety standard for power electronic converters).

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

FDIS Report on voting
22H/217/FDIS 22H/218/RVD

Full information on the voting for the approval of this International Standard can be found in
the rgport on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2:

e requirements and normative.annexes: roman type

e cpmpliance statements and\test specifications: italic type
e nptes and other informative matter: smaller roman type
e normative conditigns*within tables: smaller roman type

e terms that arerdefined in Clause 3: bold

A list of all parts in the IEC 62040 series, published under the general title Uninterruptible
Powegr Systems (UPS), can be found on the IEC website.

The ¢ommittee has decided that the contents of this document will remain unchanged unffl the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.

The contents of the corrigendum of October 2019 have been included in this copy.
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INTRODUCTION

IEC technical sub-committee 22H: Uninterruptible power systems (UPS) carefully considered
the relevance of each paragraph of IEC 62477-1:2012 in UPS applications. This part of
IEC 62040 utilizes IEC 62477-1:2012 as a reference document and references, adds,
replaces or modifies requirements as relevant. This is because product-specific topics not
covered by the reference document are the responsibility of the technical committee using the
reference document.

IEC 62477-1:2012 relates to products that mclude power electronic converters W|th a rated

energy and mechanical hazards, except

nical
duct

5 for

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

The freference document, being a group safety standard, will not take precedence ovef this
prodyict-specific standard accordingyto IEC Guide 104. IEC Guide 104 provides informjation
about the responsibility of product committees to use group safety standards forl the
development of their own product'standards.
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UNINTERRUPTIBLE POWER SYSTEMS (UPS) -

Part 1: Safety requirements

Scope

This part of IEC 62040 applies to movable, stationary, fixed or built-in UPS for use in low-
volta'E;e distribution systems and that are intended to be installed in an area accessible |

ordi

ary person or in a restricted access area as applicable, that deliver fixed frequ

AC gqutput voltage with port voltages not exceeding 1 000V AC or 1500V DC ,and
inclufe an energy storage device. It applies to pluggable and to permanently, conne
UPS) whether consisting of a system of interconnected units or of independent units, su

to

stalling, operating and maintaining the UPS in the manner prescribed by

mandyfacturer.

NOTE| 1 Typical UPS configurations, including voltage and/or frequency converters and other topologie
descriped in IEC 62040-3, the test and performance product standard for UPS.

NOTE|

throudhout the standard as an example of an energy storage device. Alternative devices exist, and as such,
"battefy" appears in the text of this document, this is to be understood as'energy storage device".

This |document specifies requirements to ensure safety for the ordinary person who ¢

into

ontact with the UPS and, where specifically stated, for the skilled person. The obje

is to[reduce risks of fire, electric shock, thermal,>énergy and mechanical hazards during
and ¢peration and, where specifically stated, dufing service and maintenance.

This |product standard is harmonized with the applicable parts of group safety public

IEC 6$2477-1:2012 for

requirements relevant to UPS.

This [document does not cover:

UPS that have a DC output;

systems for operation” on moving platforms including, but not limited to, aircrafts,
nd motor vehicles;

y an
ency
that
cted
bject
the

5, are

2 UPS generally connect to their energy storage device through/a"BC link. A chemical battery i§ used

where

bmes
ctive
use

ation

power electronic converter systems and contains addifional

ships

ternal AC .or\DC input and output distribution boards covered by their specific product

standard;
stand-alone static transfer systems (STS) covered by IEC 62310-1;

slystems wherein the output voltage is directly derived from a rotating machine;

forsuchapparatus;

functional safety aspects covered by IEC 61508 (all parts).

NOTE 3 Even if this document does not cover the applications listed above, it is commonly taken as a guide for
such applications.

NOTE 4 Specialized UPS applications are generally governed by additional requirements covered elsewhere, for
example UPS for medical applications.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.
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IEC 60364-4-42, Low-voltage electrical installations — Part 4-42: Protection for safety —
Protection against thermal effects

IEC 60384-14, Fixed capacitors for use in electronic equipment — Part 14: Sectional
specification — Fixed capacitors for electromagnetic interference suppression and connection
to the supply mains

IEC TR 60755, General requirements for residual current operated protective devices

IEC 60947-2:2006, Low-voltage switchgear and controlgear — Part 2: Circuit-breakers?

IEC $0950-1:2005, Information technology equipment — Safety — Part 1. General requirements

IEC $1000-2-2:2002, Electromagnetic compatibility (EMC) — Part 2-2: Environmept -
Compatibility levels for low-frequency conducted disturbances and signaling\in public|low-
voltage power supply systems

IEC $1008-1, Residual current operated circuit-breakers withoutyintegral overcyrrent
protdction for household and similar uses (RCCBs) — Part 1: General rules

IEC $1009-1, Residual current operated circuit-breakers with ,integral overcurrent protelction
for hpusehold and similar uses (RCBOs) — Part 1: General rules

IEC 62040-2:2005, Uninterruptible power systems~Y(UPS) - Part 2: Electromagnetic
compatibility (EMC) requirements?2

IEC 62477-1:2012, Safety requirements for “power electronic converter systems| and
equipment — Part 1: General

IEC §0050 (all parts), |Internatioffal  Electrotechnical  Vocabulary (available| at
<http://www.electropedia.org>)

IEC $60060-1:2010, High-voltage* test techniques — Part 1. General definitions and| test
requirements

IEC $0068-2-2, Environlivental testing — Part 2-2: Tests — Test B: Dry heat
IEC $60068-2-6, EAvironmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC $0068-2:62, Environmental testing — Part 2-52: Tests — Test Kb: Salt mist, cyclic (sddium
chlonjde §ofution)

IEC 60068-2-68, Environmental testing — Part 2-68. 1esis — 1est L. Dust and sand

IEC 60068-2-78:2001, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat,
steady state

IEC 60112:2003, Method for the determination of the proof and the comparative tracking
indices of solid insulating materials

1 4™ edition (2006). This 4th edition has been replaced in 2016 by a 5" edition IEC 60947-2:2016, Low-voltage
switchgear and controlgear — Part 2: Circuit-breakers.

2 2nd edition (2005). This 2 "@ edition has been replaced in 2016 by a 3™ edition IEC 62040-2:2016,
Uninterruptible power systems (UPS) — Part 2: Electromagnetic compatibility (EMC) requirements.


https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

-12 - IEC 62040-1:2017 EXV © IEC 2017

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

IEC 60364-1, Low-voltage electrical installations — Part 1: Fundamental principles,
assessment of general characteristics, definitions

IEC 60364-4-41:2005, Low-voltage electrical installations — Part 4-41: Protection for safety —
Protection against electric shock

IEC 60364- 4 44 2007 Low- voltage e/ectr/cal installations — Part 4- 44 Protectlon for safety —

IEC $0364-5-54:2011, Low voltage electrical installations — Part 5-54: Selection ~\Erection
of elg¢ctrical equipment — Earthing arrangements and protective conductors /\

IEC 60417, Graphical symbols for use on equipment (available at <h;t\@www.grapmical-
symiols.info/equipment>) Q
X

IEC/TS 60479-1, Effects of current on human beings and livestock q%rt 1: General aspdcts
IEC 6$0529:1989, Degrees of protection provided by enc/osur@ﬁzhb code)
IEC 60617, Graphical symbols for diagrams (available anQ<http://std.iec.ch/iec60617>)

IEC $0664-1:2007, Insulation coordination for eq«%ent within low-voltage systems — Part 1:
Prindiples, requirements and tests &Q

IEC $0664-3:2003, /Insulation coordination @equipment within low-voltage systems — Part 3:
Use pf coating, potting or moulding for pn@ection against pollution
D

IEC $0664-4:2005, Insulation coor‘@aﬁon for equipment within low-voltage systems — Part 4:
Congideration of high-frequency\(_o age stress

NN
IEC $0695-2-11:2000, Fire K;kard testing — Part 2-11: Glowing/hot-wire based test methgds —
Glow-wire fIammabiIityt@i method for end-products

IEC $0695-10-2, Fi@)azard testing — Part 10-2: Abnormal heat - Ball pressure test

flamé test ods

O

IEC 1-3-3, Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities — Section 3: Stationary use at weatherprotected
locations

IEC 0695@ Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and veytical

IEC 60721-3-4, Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities — Section 4: Stationary use at non-
weatherprotected locations

IEC 60730-1, Automatic electrical controls for household and similar use — Part 1: General
requirements

IEC/TR 60755, General requirements for residual current operated protective devices

IEC 60949, Calculation of thermally permissible short-circuit currents, taking into account non-
adiabatic heating effects
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IEC 60695-2-10, Fire hazard testing — Part 2-10: Glowing/hot-wire based test methods —
Glow-wire apparatus and common test procedure

IEC 60695-2-13, Fire hazard testing — Part 2-13: Glowing/hot-wire based test methods —
Glow-wire ignition temperature (GWIT) test method for materials

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 ¢

IEC $1180-1:1992, High-voltage test techniques for low-voltage eqqié;}fent - Pa
Definitions, test and procedure requirements Q’

X
IEC |Guide 104:2010, The preparation of safety publications a%ﬂ%e use of basic §
publications and group safety publications C)

IEC

ISO
for s

ISO
sour
over

ISO
<http)

ISO

ISO
inten

ISO
spec

ANS

IEC €L0990:1999, Methods of measurement of touch current and protective conductoaér

1032:1997, Protection of persons and equipment by enclosures — Probes ;{Kverifice

Q

Suide 117:2010, Electrotechnical equipment — Temperﬁ\t}res of touchable hot surfacg

O
B864-1, Graphical symbols — Safety colours an g‘ety signs — Part 1: Design pring
hfety signs in workplaces and public areas
N

B746, Acoustics — Determination of sou&%p%wer levels and sound energy levels of
fes using sound pressure — Survey g, od using an enveloping measurement su
a reflecting plane $
.\Q)

7000, Graphical symbols for use on equipment — Index and synopsis (available
://www.graphical—symbols.i@x/equipmenb)

QS)
010, Graphical symbg@Safety colours and safety signs — Registered safety signs

D614-1, Acousti Determination of sound power levels of noise sources using s
Sity — Part 1: I\@surement at discrete points

9772, ar plastics — Determination of horizontal burning characteristics of
mens jected to a small flame

ent
tion

it 1:

afety

PS

iples

hoise
rface

from

ound

small

ding

/)\%ZM E84 — 11b, Standard test method for surface burning characteristics of bu

mate

rials

ASTM E162 — 11a, Standard test method for surface flammability of materials using a radiant

heat

energy source
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-111:1996,
IEC 60050-151:2001, IEC 60050-161:1990, IEC 60050-191:1990, |IEC 60050-441:1984,
IEC 60050-442:1998, IEC 60050-551:1998, IEC 60050-601:1985 and IEC 60664-1:2007, and
the following apply.

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

Table 1 A|phabetica| list of terms

Terms Term number Terms Term number
62040-1 62477-1 62040-1 62477-1
adjacent circuit 3.1 power semiconductor device 3.3%
activg power 3.111 primary power 8.108
appaftent power 3.112 prospective short-circuit 3.122
current
backfleed 3.127 protective equipotential 3.3p
bonding
backfleed protection 3.128 protective class | 3.3y
basic|insulation 3.2 protective class (1 3.38
basic| protection 3.3 protective glass Il 3.3p
bypags 3.110 protectivel earthing (PE) 3.4p
comnpissioning test 3.4 PE ¢conductor 3.4f
cord 3.109 protective impedance 3.4p
decisjve voltage class 3.5 (electrically) protective 3.4B
(DVQ screening
double insulation 3:6 protective separation 3.44
DVC |As 3.7 PEC 3.4p
DVC Ax 3.8 PECS 3.4p
earth|fault 3.131 rated conditional short-circuit 3.120
current
electfical breakdown 3.9 rated current 3.117
(elecfrical) insulation 3.10 rated load 3.115
(elec ror_1ic) (power) 3.11 rated peak withstand current 3.118
convgrsion
enclosure 3.12 rated short-time withstand 3.119
current
enhahcetprotection 343 rating 343
expected lifetime 3.14 rated value 3.114
Extra Low Voltage (ELV) 3.15 rated voltage 3.116
fault protection 3.16 reference non-linear load 3.126
field wiring terminal 3.17 reference test load 3.125
fire enclosure 3.18 reinforced insulation 3.47
functional insulation 3.19 restricted access area 3.48
hazardous energy 3.107 routine test 3.49
hazardous live part 3.20 sample test 3.50
hazardous voltage 3.106 SELV (systems) 3.51
installation 3.21 short-circuit backup protection 3.52
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Terms Term number Terms Term number
62040-1 62477-1 62040-1 62477-1

instructed person 3.103 service acces area 3.105
linear load 3.123 short-circuit protective device 3.130

(SCPD)
live part 3.22 simple separation 3.53
low impedance path 3.121 single fault condition 3.54
low voltage 3.23 skilled person 3.102
mains supply 3.24 startle reaction 3.55
musclular reaction (inability 3.25 supplementary insulation 3\5p
to let|go)
non-l|near load 3.124 surge protective device (SPD) 3.5}
non-mains supply 3.26 system 3.58
open|type 3.27 system voltage 3.5p
ordingry person 3.104 stored energy mode 3.129
outpyt short-circuit current 3.28 temporary overvoltage 3.6p
PELV (systems) 3.29 touch current 3.6/
Permpnently connected 3.30 type test 3.6p
pluggable equipment 3.31 ventricular fibrillation 3.68
type A
pluggable equipment 3.32 working voltage 3.64
type B
port 3.33 uninterruptible power system 3.101

(UPS)

zone of equipotential bonding 3.6p

Note 1 to entry: Where the terms "voltage! and "current" are used, RMS values are implied unless othé¢rwise
specifjed.

Note 2 to entry: Non-sinusoidal signals’are measured with appropriate true RMS measuring instruments.

3.1
adjagent circuit
circujt next to the gireuit under consideration having a requirement for functional, simple or
protgctive insulatign

3.2
basi¢ insulation
insulption-applied to hazardous live parts to provide basic protection against electric shock

[SOURCE: I[EC 60050-195:1998, 195-06-06, modified]

3.3
basic protection
protection against electric shock under fault-free conditions

[SOURCE: IEC 60050-195:1998, 195-06-01]

3.4

commissioning test

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

[SOURCE: IEC 60050-411:1996, 411-53-06, modified]
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decisive voltage class

DvcC

classification of voltage range used to determine the protective measures against electric

shoc

3.6

k and the requirements of insulation between circuits

double insulation

insul

ation comprising both basic insulation and supplementary insulation

[SOURCE: IEC 60050-826:2004, 826-12-16]

3.7
DVvC
maxi

3.8
DvC
bvcC

3.9

As Q:\S

mum safe voltage values to be touchable, coming from DVC Ax '<\
>

Ax /'\

Ax is the general DVC value used for DVC A, DVC A1, DVC A2 C A3

&V

elecfrical breakdown

failue of insulation under electric stress when the 'sgérge completely bridges|

insulption, thus reducing the voltage between the eIectrzﬂ@ Imost to zero
[SOURCE: IEC 60664-1:2007, 3.20] QQ

A\
3.10 QO
(elegtrical) insulation (%)
electfrical separation between circuits or cO@Uctive parts provided by clearance or cree
distapce or solid insulation or combinatio@ of them

K\
3.11
xO

(elegtronic) (power) conversio%

chan

e of one or more of the.Eharacteristics of an electric power system essentially wi
¢ @'\\ y y

appreciable loss of power bfmeans of power semiconductor devices

Note [ to entry: Charac@'cs are, for example, voltage, number of phases and frequency, including
frequgncy.

[SOURCE: IEC -551:1998, 551-11-02, modified]

3.12 éo

enclpsu

hous

Note

the

pbage

thout

zero

r\g@ ording the type and degree of protection suitable for the intended application

1 to entry: This standard provides requirement for the enclosure according to IEC 60529 as w

ell as

additional requirement for mechanical and environmental impact. The purpose of the additional requirement is to
ensure the enclosures ability to provide basic protection under the environmental conditions specified by the
manufacturer.

[SOURCE: IEC 60050-195:1998, 195-02-35]

3.13

enhanced protection
protective provision having a reliability of protection not less than that provided by two
independent protective provisions
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3.14

expected lifetime

design duration for which the performance characteristics are valid at rated conditions of
operation

3.15

extra-low voltage

ELV

voltage not exceeding the relevant voltage limit of band | specified in [IEC 60449

Note 1 to entry: In IEC 60449, band | is defined as not exceeding 50 V a.c. r.m.s. and 120 V d.c. Other product

commftiees may have defined ELV with diiferent voltage levels. A

Note |2 to entry: In this standard, protection against electric shock is dependent on the decisi vpltage
classification. /\

[SOURCE: IEC 60050-826:2004, 826-12-30, modified] Q’\

3.16 N>

fault|protection b‘Q,
Q

protgction against electric shock under single-fault conditions q/

Note 1 to entry: For low-voltage installations, systems and equipment, fa Ic?otection generally correspopds to
protedtion against indirect contact as used in IEC 60364-4-41, mainly with !%; d to failure of basic insulatiop.

[SOYRCE: IEC 60050-195:1998, Amendment 1:1998, 195-86- 2]

3.17 QQQ

field|wiring terminal
terminal provided for connection of external con@ors to the UPS

<
3.18 N
fire ¢nclosure $
part pf the equipment intended to min@@e the spread of fire or flames from within
O
3.19 \l‘\
functional insulation Q)

N\
insulation between condu |\e parts within a circuit that is necessary for the pfoper
functjoning of the circuit@'u«t which does not provide protection against electric shock

Note 1 to entry: Funct@og?insulation may, however, reduce the likelihood of ignition and fire.

N

3.20
hazardous-live-part
live part , under certain conditions, can give a harmful electric shock

[SOU «E: IEC 60050-195:1998, 195-06-05]

3.21
installation
equipment or equipments including at least the UPS

Note 1 to entry: The word installation is also used in this standard to denote the process of installing a UPS. In
these cases, the word does not appear in italics.

3.22

live part

conductor or conductive part intended to be energized in normal operation, including a neutral
conductor, but by convention not a protective earth conductor or protective earth neutral

Note 1 to entry: This concept does not necessarily imply a risk of electric shock.
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[SOURCE: IEC 60050-195:1998, 195-02-19, modified]

3.23
low voltage
Lv

set of voltage levels used for the distribution of electricity and whose upper limit is generally

accepted to be 1 000 V a.c. or 1 500 V d.c.
[SOURCE: IEC 60050-601:1985, 601-01-26, modified]

3.24

mains supply A
low Joltage a.c. power distribution system for supplying power to a.c. equipment .\_

3.25 '<\

musc¢ular reaction (inability to let go)

phys|ological reaction due to a minimum derived value of touch voltage & populatio
)¢

which a current flowing through the body is just enough to cause involuntaty contraction
musgle, such as inability to let go from an electrode, but not includin tle reaction
[SOURCE: IEC/TR 60479-5:2007, 3.3.2, modified] @q’

3.26 g\\Q/

non-mains supply

n for
of a

electfical circuit that is not energized directly from t malns supply, but is, for example,

isolafed by a transformer or supplied by a battery, erator, or similar sources not dif
conngected to the a.c. power distribution system N
s@
3.27
oper] type \‘Q

prodyict intended for incorporation wﬂhm&\nclosure or assembly that will provide prote
against hazards A\

3.28 O

output short circuit current‘\C)
availpble current r.m.s or (9 that flows at the output of the UPS when a short circ
applied by a conductor&iegligible impedance

3.29 O
PELY (system) @

electfic systeer:.which the voltage cannot exceed the value of extra low voltage:

- under al conditions; and

ectly

ction

it is

- un@ ingle fault conditions, except earth faults in other electric circuits

Note 1 to entry: PELYV is the abbreviation for protective extra low voltage.

[SOURCE: IEC 60050-826:2004, 826-12-32]

3.30
permanently connected (equipment)

equipment that is intended for connection to the building installation wiring using screw

terminals or other reliable means

3.31
pluggable equipment type A

equipment that is intended for connection to the mains supply via a non-industrial plug and

socket-outlet or a non-industrial appliance coupler, or both
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3.32
pluggable equipment type B

equipment that is intended for connection to the mains supply via an industrial plug and
socket-outlet or an appliance coupler, or both, complying with IEC 60309 or with a

comparable national standard

3.33
port

access to a device or network where electromagnetic energy or signals may be supplied or

received or where the device or network variables may be observed or measured

[SOURCETEC60050-1312002, 3 1=12-601

poweér semiconductor device

semitonductor device used for electronic power conversion Q
3.35 Qj\
prospective short circuit current b‘
Replaced by 3.122 (19
©
3.36 (</C)
protéctive equipotential bonding A\
equixotential bonding for purposes of safety (e.g. protectic@xgainst electric shock)

[SOYRCE: IEC 60050-195:1998, 195-01-15, modifi%@

3.37 $\\§\

prot¢ctive class |

equipment in which protection against eIeO@ shock does not rely on basic insulation
but which includes an additional safety caution in such a way that means are providg
the gonnection of accessible conduc\% parts to the protective (earthing) conductor i

at accessible conductive parts cannot become live i

fixed|wiring of the installation, so

even}f of a failure of the basic in ion
O
3.38 C)\\

but ip which additi(&ﬁ\d

instdllation c ions

3.39 éo

2\
3.34 (<,+
X\

protéctive class Il .

equipment in which p@tion against electric shock does not rely on basic insulation
afety precautions such as supplementary insulation or reinfg

insulation are prg; ed, there being no provision for protective earthing or reliance

only,
d for
h the
h the

only,
rced
upon

prot gg%’class ]|
equi$ t in which protection against electric shock relies on supply at DVC Ax (or B U

nder

certain conditions) and in which voltages higher than those of DVC Ax (B) are not generated

and there is no provision for protective earthing

Note 1 to entry: Other standards define protective class Ill as supplied by ELV.

3.40
protective earthing
PE

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

fault
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3.41

PE conductor

conductor in the building installation wiring, or in the power supply cord, connecting a main
protective earthing terminal in the equipment to an earth point in the building installation for
safety purposes

3.42

protective impedance
impedance connected between hazardous live parts and accessible conductive parts, of
such value that the current, in normal use and under likely fault conditions, is limited to a safe
value, and which is so constructed that its ability is maintained throughout the life of the
equipment

[SOYRCE: IEC 60050-442:1998, 442-04-24, modified] Q:\~

A
. N
3.43| _ (19

(elegtrically) protective screening .
sepaLation of circuits from hazardous live-parts by means of an interposed\c’mductive scfeen,
conngected to the means of connection for a PE conductor, either di@ly or via protegtive

equipotential bonding Q
&V
3.44

(elegtrically) protective separation \Q/
sepjatlon of one electric circuit from another by means of LN

ouble insulation or QQ

- basic insulation and electrically protective SQ(genmg or

- reinforced insulation \

[SOYRCE: IEC 60050-195:1998, Amendma@%m%, 195-06-19]

N

3.45 _ A\Q)
power electronic converter o
PEC b\

Not ysed - Replaced by UPS @%efinition 3.101

3.46 .

power electronic co@er system

PECH

Not ysed - Repla@g;t’)y UPS see definition 3.101

3.47 ()Q~

one |or e power electronic converters intended to work together with ¢ther
equip
reinflorcéd insulation
insulation of hazardous-live-parts which provides a degree of protection against electric
shock equivalent to double insulation

[SOURCE: IEC 60664-1:2007, 3.17.5]

3.48

restricted access area

area accessible only to electrically skilled persons and electrically instructed persons with
the proper authorization

Note 1 to entry: An electrically skilled person is a person with relevant education and experience to enable him
or her to perceive risks and to avoid hazards which electricity can create

Note 2 to entry: An electrically instructed person is a person adequately advised or supervised by electrically
skilled persons to enable him or her to perceive risks and to avoid hazards which electricity can create
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[SOURCE: IEC 60050-195:1998, 195-04-04, modified]

3.49

routine test

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

[SOURCE: IEC 60050-411:1996, 411-53-02, modified]

3.50
sample test
test ¢n a number of devices taken at random from a batch

<
&

3.51
SELY (system) /\
electfic system in which the voltage cannot exceed the value of extra-low VQf/@e:
— under normal conditions; and ,'\
- under single fault conditions, including earth faults in other el@b circuits
NOTE|] SELV is the abbreviation for safety extra low voltage. @
[SOURCE: IEC 60050-826:2004, 826-12-31, modified] Q/C)
O
3.52 & O
shorg circuit backup protection
protdction that is intended to operate when othe@ tective measures within a system or
equipment fail to clear a fault \\
QO
<
3.53 \"Q

simple separation
sepafation between electric circuits or. hgtween an electric circuit and local earth by means of
basi¢ insulation N
O

[SOURCE: IEC 60050-826:20048@}6-12-28]

N
3.54 O
single fault condition :
condjtion in which on@ne is present which could cause a hazard covered by this stangard

Note | to entry: If ingle fault condition results in other subsequent failures, the set of failures is cons|dered
as on¢ single fa ndition.

Note 2 to en%:%xamples of hazards include, but are not limited to electric shock, fire, energy, mechanical,|sonic
press{ire e@

3.55L
startle reaction
physiological reaction due to a minimum derived value of touch voltage for a population for
which a current flowing through the body is just enough to cause involuntary muscular
contraction to the person through which it is flowing

[SOURCE: IEC/TR 60479-5:2007, 3.3.1, modified]

3.56
supplementary insulation
independent insulation applied in addition to basic insulation for fault protection

Note 1 to entry: Basic and supplementary insulation are separate, each designed for simple separation against
electric shock.

[SOURCE: IEC 60664-1: 2007, 3.17.3, modified]
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3.57

surge protective device

SPD

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

Note 1 to entry: An SPD is a complete assembly, having appropriate connecting means.

[SOURCE: IEC 61643-11:2011, 3.1.1]

3.58
system
set of interrelated and/or interconnected independent elements

S

Note [l to entry: A system is generally defined with the view of achieving a given objective, forvéxample by

performing a definite function. r\
3.59 3%
systém voltage N

voltage used to determine insulation requirements Qb‘
Note 1 to entry: See 4.4.7.1.6 for further consideration of system voltage. C)@(I/
3.60 &
tempgorary overvoltage ‘\
overyoltage at power frequency of relatively long duratiQ O

[SOYRCE: IEC 60664-1:2007, 3.7.1] QQ
N
.61
3.6 o

touch current ,@
electric current passing through a human body or through an animal body when it toucheg one
or mgre accessible parts of an electricabinstallation or electrical equipment

[SOYRCE: IEC 60050-826:2004, &@-’I 1-12]

<
3.62 N
type|test X C)

test pf one or more deyices made to a certain design to show that the design meets cgrtain
specifications

O
[SOYRCE: IEC @%—811:1991, 811-10-04]

X

3.63

ventficu brillation

cardi X illation, limited to the ventricles, leading to ineffective circulation and then to heart
failu

Note 1 to entry: Ventricular fibrillation stops blood circulation.

[SOURCE: IEC 60050-891:1998, 891-01-16]

3.64

working voltage

voltage, at rated supply conditions (without tolerances) and worst case operating conditions,
that occurs by design in a circuit or across insulation

Note 1 to entry: The working voltage can be d.c. or a.c. Both the r.m.s. and recurring peak values are used.
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3.65
zone of equipotential bonding

zone where all simultaneously accessible conductive parts are electrically connected to

prevent hazardous voltages appearing between them

Note 1 to entry: For equipotential bonding, it is not necessary for the parts to be earthed.

3.101
uninterruptible power system

UPS

combination of convertors, switches and e
constitttirg—a—poewe ystem et

to entry: Continuity of load power occurs when voltage and frequency are within rated steady-sta

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

Note 1 to entry: Such person has access to restricted access areas.

[SOURCE: IEC 60050-195:1998, 195-04-01, modified~< The word "(electrically)" has
deleted from the term, and "electricity" has been replaced by "the equipment” in the defin
The pote has been added.]

instriucted person
person adequately advised or supervised-by skilled persons to enable him or her to per
risks|and to avoid hazards which the equipment can create

Note | to entry: Such person has access.to restricted access areas.

Note 2 to entry: Examples of activities performed by an instructed person can be found in IEC 61140
Clausg 8.

[SOURCE: IEC 60050-195:1998, 195-04-02, modified — The word "(electrically)" has
deleted from the term) and the notes have been added.]

3.10
ordimary péerson
person wha“is neither a skilled person nor an instructed person

nergy storage devices (such as batteries),

ower

e and
Input
ds, or

hd to

been
ition.

ceive

2001,

been

Note 1 Y- ] v T T ]
hazards. Such person may otherwise have access to the equipment or may be in the vicinity of the equipme

entify
nt. An

ordinary person will not intentionally create hazards nor have access to hazardous parts under normal and single

fault conditions.

[SOURCE: IEC 60050-195:1998, 195-04-03, modified — The note has been added.]

3.105
service access area

area accessible by skilled persons by the use of a tool, where it is necessary for skilled

person to have access regardless of the equipment being energized
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3.106

hazardous voltage

voltage exceeding 42,4 V peak, or 60V DC, existing in a circuit that does not meet the
requirements for either a limited current circuit or a TNV-1 circuit

Note 1 to entry: A limited current circuit is understood in the context of "protection by means of protective
impedance" as described in 4.4.5.4.

[SOURCE: IEC 60950-1:2005, 1.2.8.6 modified — TNV has been replaced by TNV-1.]

3.107

hazardous enrergy
availpble power level of 240 VA or more, having a duration of 60 s or more, or a stored-energy
level[of 20 J or more (for example, from one or more capacitors), at a potential of 2/\V 6rf more

Note 1 to entry: See 4.5.1.2.

3.10L
primary power
powgr supplied by an electrical utility company or by a local generator

3.101’
cord
flexijle cable with a limited number of conductors of small ¢ross-sectional area

[SOURCE: IEC 60050-461:2008, 461-06-15.]

3.1
bypdss
alternpative power path, either internal or external to the UPS

3.1
activie power
undefr periodic conditions, mean_value, taken over one period 7, of the instantaneous powler p

y T
P= —jpdt
T
0
Note 1 to entry: Under’ sinusoidal conditions, the active power is the real part of the complex power § thus

P=ReS

Note 2 to entry: The coherent Sl unit for active power is watt, W.

Note § te entry: DC, fundamental and harmonic voltages and currents contribute to the magnitude of the fctive
power. Where applicable, Insirumenis used [0 measure active power should therefore present sufficient
bandwidth and be capable of measuring any significant non-symmetrical and harmonic power components.

[SOURCE: IEC 60050-131: 2013, 131-11-42, modified — A third note to entry has been
added.]

3.112
apparent power
product of the RMS voltage and RMS current

3.113
rating
set of rated values and operating conditions of a machine, a device or equipment
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[SOURCE: IEC 60050-151:2001, 151-16-11, modified — The words "of a machine, a device or
equipment" have been added.]

3.114

rated value

value of a quantity used for specification purposes, generally established by a manufacturer
for a specified set of operating conditions of a component, device, equipment, or system

[SOURCE: IEC 60050-151:2001, 151-16-08, modified — The word "established" has been
expanded to read "generally established by a manufacturer".]

3.11
rated load
load por condition in which the output of the UPS delivers the power for which the UPS’is rated

Note 1 to entry: The rated load is expressed in apparent power (VA) and active power (W) resulting in a (rated)
power| factor that includes the effect of any applicable combination of linear and of non-linéar'load as presfribed
in Anrlex BB.

Note 2 to entry: Rated load is a value of load used for specification purposes;)\‘generally established| by a
manufacturer for a specified set of operating conditions of a component, device, equipment, or system

3.1
rated voltage
inpuf] or output voltage as declared by the manufacturer

Note 1 to entry: For a three-phase supply, the rated voltage corrésponds to the phase-to-phase voltage.

3.117
rated current
inpuf| or output current of the UPS as declargd-by the manufacturer

3.118
rated peak withstand current
1

pk
valug of peak short-circuit current; declared by the UPS manufacturer, that can be withgtood
undefr specified conditions

Note 1 to entry: For the_ purpose of this document, ka refers to the initial asymmetric peak value ¢f the
prospective test current listed in Table 104.

3.119
rated short-time-withstand current
ICW

RMS|value of short-time current, declared by the UPS manufacturer, that can be carried ynder
spec|fied‘eonditions, defined in terms of current and time

[SOURCE: IEC 61439-1:2011, 3.8.10.3, modified — The definition has been rephrased and
the word "assembly" has been replaced by "UPS".]

3.120

rated conditional short-circuit current

ICC

RMS value of prospective short-circuit current, declared by the UPS manufacturer, that can
be withstood for the total operating time (clearing time) of the short-circuit protective device
(SCPD) under specified conditions

Note 1 to entry: The short-circuit protective device does not necessarily form an integral part of the UPS.

[SOURCE: IEC 61439-1:2011, 3.8.10.4, modified — The word "RMS" has been added to
"value", the word "assembly" has been replaced by "UPS", and the note has been rephrased.]
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3.121

low impedance path

path containing devices that for UPS load purposes present negligible impedance, such as
cabling, switching devices, protecting devices and filtering devices

Note 1 to entry: The devices in a low impedance path generally present current limiting characteristics under
short-circuit conditions.

Note 2 to entry: Examples include current limiting fuses, current limiting circuit-breakers, transformers and
inductors.

hort-
ipply

d by

load where the current drawn from the supply is defined by thé&urelationship:

1=UlZ

wherg
I is the load current;
U is the supply voltage;

Z is the constant load impedance

Note 1 to entry: Application of a linear load to' a sinusoidal voltage results in a sinusoidal current.

[SOURCE: IEC 62040-3:2011, 3:2:4]

3.124
non-jinear load
load (where the parameter Z (load impedance) is no longer a constant but is a variable
dependent on other\parameters, such as voltage or time

[SOYRCE: IE€62040-3:2011, 3.2.5]

3.125%
reference test load
load or condition in which the output of the UPS delivers the active power (W) for which the
UPS is rated

Note 1 to entry: This definition permits, when in test mode and subject to local regulations, the UPS output to be
injected into the input AC supply.

[SOURCE: IEC 62040-3:2011, 3.3.5]

3.126

reference non-linear load

non-linear load that when connected to a UPS, consumes the apparent power at which the
UPS shall be tested

Note 1 to entry: Refer to Clause BB.5 for test details.
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[SOURCE: IEC 62040-3:2011, 3.3.6, modified — The expression "the apparent and active
power for which the UPS is rated in accordance with Annex E" has been replaced by "the
apparent power at which the UPS shall be tested", and the note has been added.]

3.127

backfeed

condition in which a voltage or energy available within the UPS is fed back to any of the input
terminals, either directly or by a leakage path while operating in the stored energy mode and
with primary power not available

[SOURCE: IEC 62040-3:2011, 3.2.3, modified — The words "while AC input power is" have
been[replaced by "with primary power".]

3.12&
backfeed protection
contnol scheme that reduces the risk of electric shock due to backfeed

3.12
stored energy mode
stable mode of operation that the UPS attains under the following gonditions:

a) AC input power is disconnected or is out of required tolerance;

b) [l power is derived from the energy storage device;
c) the load is within the specified rating of the UPS

[SOURCE: IEC 62040-3:2011, 3.2.10, modified —_The words "of UPS operation" have peen
deleted in the term, and the word "system" has been replaced by "device" in b).]

3.130
shorg-circuit protective device
SCPD
devige intended to protect a circuit~or parts of a circuit against short-circuit curren{s by
interfupting them

[SOYRCE: IEC 60947-1:2007,2.2.21]
3.13

earth fault
occufrence of an accidental conductive path between a live conductor and the earth

[SOURCE: {EC 60050-826:2004, 826-04-14, modified — The second preferred term "grpund
faultl has-been deleted, as well as the notes.]

4 Protection against hazards

4.1 General

Clause 4 defines the minimum requirements for the design and construction of a UPS, to
ensure its safety during installation, normal operating conditions and maintenance for the
expected lifetime of the UPS. Consideration is also given to minimising hazards resulting
from reasonably foreseeable misuse.

Manufacturers and product committees using this standard as a reference document shall
clearly specify what is contained in the UPS, covered by and evaluated according to this
standard. This shall as a minimum cover the UPS including the load interface and supply
interface.
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Protection against hazards shall be maintained under normal and single fault conditions, as
specified in this standard.

Components compliant with a relevant IEC product standard which provides similar safety
requirements as the requirement of this standard do not require separate evaluation.
Components or assemblies of components, for which no relevant product standard exists,
shall be tested according to the requirements of this standard.

Product committees using this standard as reference should make use of 7.3 from
IEC Guide—1+642616- Q

Where the UPS is intended to be used together with specific auxiliary equipment sjafety
evalyation and test shall include this auxiliary equipment unless it can be showﬂ\that it does
not gffect the safety of either equipment. Q

.

4.2 Fault and abnormal conditions ’

The UPS shall be designed to avoid operating modes or sequen bt?1at can cause alfault
condjtion or component failure leading to a hazard, unless othﬁ?1 easures to prevent the
hazafd are provided by the installation and are described @) e installation informjtion
provided with the UPS. The requirements in this clause a@,apply to abnormal operpting
condjtions as applicable. O‘\

Circyit analysis or testing shall be performed to ®<t<ermine whether or not failure |of a
partigular component (including insulation system% ould result in hazard.

This |analysis shall include situations wher failure of the component or the insufation
(fundtional, basic and supplementary) woula‘\ﬂ;\esult in:

- & impact on the decisive voltage Kﬁﬁmination according to 4.4.2;
- g risk of electric shock due to: e)

degradation of the basjcc‘jkfotection according to 4.4.3, or
degradation of the f@\protection according to 4.4 .4;

risk of energy haz@ according to 4.5;

a
- glrisk of degrac(iit)@ due to emission of flame, burning particles or molten metal of the fire
according to 4.6%

- risk of th | hazard due to high temperature according to 4.6;
- risk of\mechanical hazard according to 4.7.

NOT tandard does not provide any requirement to protect against chemical hazard. Product committpes or
manufa rs might consider this when it applies to their products.

Compliance is checked by analysis or by test according to 5.2.4.6-ef1EC62477-1:2012,

Compliance through analysis only is permitted when such analysis conclusively shows that no
hazard will result from failure of the component

The evaluation of components shall be based on the expected stress occurring in the
expected lifetime of the UPS including, but not limited to:

- specified climatic and mechanical conditions according to 4.9 (temperature, humidity,
vibration, etc.);

- electrical characteristics according to 4.4.7 (expected impulse voltage, working voltage,
temporary overvoltage, etc.);

- micro environment according to 4.4.7 (pollution degree, humidity, etc.).
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Components evaluated for their reliability according to relevant product standards are
considered to meet these requirements and do not need any further investigation, if tested
under conditions that fulfill the conditions for which the UPS is designed.

Clearance and creepage distances on printed wiring boards (PWBs) including components
mounted on PWBSs, for functional, basic, supplementary and reinforced insulation, designed
according to 4.4.7.4 and 4.4.7.5, are considered to meet these requirements and do not need
any further investigation.

Functional insulation on PWB and between legs of components assembled on PWBs not
fulfilling the requirements for clearance and creepage distance in 4.4.7.4 and 4.4.7.5 shall
meef the requirement of 4.4.7.7. ~\§

Condideration shall be given to potential safety hazards associated with majg&%mpc nent
partq of the UPS, such as flammability of transformer and capacitor fluids. Q\

.

4.3 | Short-circuit and overload protection NG

4
4.3.1 General Qb‘Q

The UPS shall not present a hazard, under short circuit or ov r%)ad conditions at any |port,
inclufing phase to phase, phase to earth and phase to neutr @Uequate information shall be
provided in the documentation to allow proper selection xternal wiring and protective
deviges (see 6.3.7.6 and 6.3.7.7). 5\

Protgctive systems or devices shall be provided or 2@ified in sufficient quantity and locjtion
so ag to detect and to interrupt or limit the curreQ( owing in any possible fault current|path
betwpen conductors or from conductors to earth\\)

Y

NOTE| 1 In this standard, the term overcurrent cov oth short circuit and overload.

NOTE| 2 Local installation codes will still ‘\@ally require provision of such protection for the purpoges of
protedting the input wiring in the installation.

O
Protgction against overcurrents séﬂl be provided for all input circuits, and for output cifcuits
that o not comply with the r irements for limited power sources in 4.6.5.

such|protection provi , provision or specification of overcurrent protection for input cifcuits

If thg UPS complies wil’normal, abnormal and fault test conditions in this standard without
is nof necessary for(the protection of the UPS.

No p'otectiogﬂequired against overcurrent to earth in equipment that either

- bhas re) onnection to earth; or

- ha*s\ ouble insulation or reinforced insulation between live parts and all parts
connected to eartn.

NOTE 3 Under a single fault condition in an IT system no short circuit current or a limited short circuit current
will flow. The interruption of the short circuit current in an IT system (see 4.4.7.1.4) is done when a second fault
occurs. Typically only detection is done after the first fault in an IT system.

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

For pluggable equipment type A, the protective device is provided in the installation and
shall not require any specific characteristics other than that required in IEC 60364 or other
local installation codes.

For pluggable equipment type B or fixed installed equipment, this protection may be
provided by devices external to the equipment, in which case the installation instructions shall
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state the need for the protection to be provided in the installation and shall include the
specifications for the required short circuit and/or overload protection (see 6.3.7).

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

If a protective device interrupts the neutral conductor, it shall also simultaneously interrupt all
other supply conductors of the same circuit. It is permissible for the protective device to
interrupt the neutral conductor after the other supply conductors of the same circuit.

Compliance shall be checked by inspection and where necessary, by simulation OQ ngle
faultf conditions (see 4.2) and by the tests of 5.2.4.4 and 5.2.4.5. Q:\~

4.3.2 Specification of input short-circuit withstand strength and outp%& ort cifcuit
current ability

.
.

4.3.2.1 General Q/

The |nterrupting capability of the overcurrent protective device sha(Hlee equal or greater|than
the grospective short circuit current of the mains supply. @

For pluggable equipment type A, either the UPS shall Bg/designed so that the building
instgllation provides short circuit backup protection, é‘additional short circuit bagkup
proté¢ction shall be provided as part of the equipment

O

For permanently connected equipment or plu le equipment type B, it is permittgd for
short circuit backup protection to be in the bli\ ing installation.
<

4.3.2.2 Input ports short-circuit wit ’Qm strength

The |nput prospective short circuit\é\@rent ratings apply to ports intended to be conngcted
to bdttery circuits, external mains gypply, non-mains a.c. or d.c. sources, and to other ports
for which overcurrent protection,j sh’tecessary.
.\Q

For |co-ordination and sp@ion of internal or external protective devices, the [UPS
manuyfacturer shall spec@g .

- g maximum alloqgge prospective short circuit current for each input port of the UPS;

nd A
- minim quired prospective short circuit current in order to ensure pfoper
perati the protective device

NOT 1& requirement is especially applicable to fuses, which are not specified to be operated below a dertain
fault uK value.

NOTE 2 The maximum allowable and minimum required prospective short circuit current are used to ensure a
proper coordination between the prospective short circuit current and a suitable protective device at the location
of the electrical installation.

If external protective devices are specified or provided the characteristics of those shall be
specified by the manufacturer.

See 6.2 for marking.

4.3.2.3 Output short circuit current ability

The output short circuit current ratings appliy to a.c. and d.c. power output ports and to
other ports for which overcurrent protection is necessary.
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For all output ports, short circuit evaluation to determine the minimum and maximum output
short circuit current shall be performed according to 5.2.4.4 and the output short circuit
current available from the UPS shall be specified as in 5.2.4.4 and 6.2.

Internal electronic output short circuit protection is considered acceptable as an output short
circuit protection device of the UPS, when compliance is shown by test in 5.2.4.4.

4.3.2.4 Combined input and output ports

For ports which are both input and output ports the applicable requirements of both 4.3.2.1
and 4.3.2.3 apply.

4.3.3 Short-circuit coordination (backup protection)

Protgctive devices provided or specified shall have adequate breaking capability, to intgrrupt
the maximum prospective short circuit current specified for the port toCwhich they are
conngcted.

If internal protection of the UPS is not rated for the prospective shart circuit current, the
installation instructions shall specify an upstream protective deviceftated for this prospeftive
short circuit current of that port, which shall be used to provide‘backup protection. Anglysis
shalllensure the protection coordination between the external and internal protective devite.

NOTE|] IEC 60364 provides requirements for upstream protective dgVices of the backup protection in the
instaljation. The above requirement ensures that the user is infdgmed about any special characteristics pf the
upstrgam protective devices for the backup protection of the UPS§, in*addition to the requirements in IEC 60364 or
other |ocal installation codes.

Compliance shall be checked by inspection and“by the tests of 5.2.4.4 and 5.2.4.5 .

4.3.4 Protection by several devices
Whefe protective devices that require wanual replacement or resetting are used in more|than

one pole of a supply to a given loadythose devices shall be located together. It is permittpd to
combine two or more protective devices in one component.

Compliance shall be checked by inspection.

4.3.101 AC input curnent

The Jinput currenfito the UPS shall not exceed that declared by the UPS manufactufer —
see 6.2 a).

In determining the steady state input current, the consumption due to optional features offered
and

NOTE Transient input current arising from dynamic occurences, for example inrush or overload current, is not
considered.

Compliance is checked when highest current measured or calculated (as applicable) when
performing the test described in 5.2.3.102 does not exceed the input current declared by the
manufacturer (see 6.2).

4.3.102 Transformer protection

Transformers shall be protected against overtemperature.

NOTE Means of protection include:

- overcurrent protection,
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— internal thermal cut-outs,

— use of current limiting devices.

Compliance is checked by the applicable tests of 5.2.3.104.

431

03 AC input short-circuit current

The UPS manufacturer shall specify the rated conditional short-circuit current (/. ) or the
rated short-time withstand current (/;,) at each AC input port of the UPS. The UPS
manufacturer may specify both. Individual AC input ports of a UPS may have individual

ratin

gs.

A UFA
AC i

nput port or multiple AC input ports shall be tested as having multiple AC input

S with AC input ports that may be configured with jumpers or busbars to present a slingle

orts.

Testing with installed jumpers or busbars that combine multiple AC input ports”into a slingle

AC i
robu
and

A UR
confi
(see

nput port is not required when the construction of the jumpers or busbars‘is at lea
bt as that of the phase conductors in terms of cross-sectional area, mechanical su
learance.

S with multiple AC input ports and different ratings for each~port shall indicate,
gured as a single AC input port, a rating equal to the (lowest rating of any
table 101).

Table 101 — UPS input port configuration

st as
bport

when
port

UPS input port

configuration AC input port(s) I./1,, rating

cc cw

Sing

e input port Port 1, e.g. combined re¢tifier and bypass | / /1,
input

Mult

ple input ports Port 1, e.g. rectifierfinput Lot/ Towt

Port 2, e.g. bypass input 1o/ 1o

Combined ports 1 and 2 Lesser of I . /1., 0" I ..o/1 2

Exce
curre
only
low
EE.3

The

Whe

pt where exempted in 5.2.3.103.4, conditional short-circuit ratings and withg
nt ratings shall be_verified by application of a short-circuit across the AC output
in modes of operation wherein the output power is delivered by the AC input throu

for a typical cireuit for implementation of the test of Clause EE.4.
bffects of faults that originate within the UPS are addressed in 4.2, except as follows

eca "UPS has an AC input port with no low impedance path to the AC output

comj

mpedance path./Refer to 5.2.3.103.1 for general procedure, and to Figures EE}

tand
port
gh a
1 to

port,

liance is checked by applving the short-circuit immediately before the point wher

p the

input path no longer presents negligible impedance. The point of application of the short-

circu

it may be internal to the UPS.

Compliance shall be verified in the modes of operation wherein the output power is or, as a
result of the short-circuit, becomes delivered, by the AC input through a low impedance path.
Verification in stored energy mode is not required.

NOTE

1 Examples of such modes of operation include:

— input voltage and frequency dependent (VFD) UPS operating in normal and/or bypass modes;

— input voltage independent (VI) UPS operating in normal and/or bypass modes;

— input voltage and frequency independent (VFI) UPS operating in bypass mode;

—  UPS with built-in maintenance bypass switch when operating in maintenance bypass mode.

NOTE

2 UPS performance classifications VFD, VI and VFI are detailed in IEC 62040-3:2011.
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104 Protection of the energy storage device

The energy storage device whether internal (integral) or external to the UPS unit shall be
protected against fault current and against overcurrent.

An overcurrent protective device providing the functions of a disconnect device as stated in
4.101.2 shall be located in close proximity to the energy storage device, and the following
requirements apply:

a)

b)

for the purpose of interrupting a fault current supplied by the energy storage device, the

overcurrent protective device shall:

not require a current greater than the fault current available,
be rated to interrupt the maximum fault current available.

the cables interconnecting the energy storage device, the overcurrent protéective d
nd the UPS unit shall be rated to support:

—| the maximum fault current available.

The
ene

rgy storage device.

the maximum current required by the UPS when operating in stored energy modg,

pvice

maximum fault current available shall be determined at the,-6utput of the fully charged

Compliance with requirements a) and b) above is ‘erified by investigation off the
characteristics of the protective device(s) and of the cables as supplied (or as specified for
instaflation) while considering the energy storage devicé.(or range of energy storage dellices)

tob

NOT

4.3.

€ supported.

E| Guidance for current rating of cables is found in IEC-60287-1-1.

105 Unsynchronised load transfer

This |[abnormal condition is to be simulated on a UPS which employs either a solid sta
mandal switch that connects the bypass source of supply to the UPS output.

Compliance is determined by .cénducting the test in 5.2.3.105.

NOT

E| This test is to simulate\the effects of foreseeable wiring connection misplacements in the sources of

to the|UPS.

4.4

4.4.

Protection against electric shock

1 General

Protgctiop“@gainst electric shock depends on the decisive voltage class from 4.4.2
insulption-requirements from 4.4.2.3, and is to be provided by at least one of the follg
meagubres:

te or

upply

and
wing

basic protection from 4.4.3 and fault protection from 4.4.4;
enhanced protection from 4.4.5

Protection under normal conditions is provided by basic protection, and protection under
single fault conditions is provided by fault protection.

Enhanced protection provides protection under both conditions.

Additional protection can be provided by residual current-operated protective devices (RCD).

For

further information, see 4.4.8.
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NOTE |In this standard, 4.4.1 to 4.4.6 have been harmonized with the concepts of the horizontal standard
IEC 61140 for protection against electrical shock. Basic protection, fault protection, enhanced protection and
the combination of those measures has been implemented.

4.4.2 Decisive voltage class
4.4.21 General

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

For the selection of the relevant decisive voltage class Ax for accessible ci@s the
folloying apply: Q/

- the reaction of the body (see A.5); N

Q
- the area of the accessible part of the equipment in relation to the arqeo the part df the
dy that may contact the accessible part, from Table 3; Q’
X

- the humidity condition of the body skin from Table 4. Q

The palues in Table 5 are based on a current path from the co @;yarea of the body td feet
with the person in standing position.
&
O

No pfotection is required if:

— Under normal operation, the limits derived from Q 5, and

- under single fault condition the limits of tou@voltage limits from Figures 1 to Figureg 3,
are rfot exceeded. <
&

DVC|Ax, as chosen in Table 5 become e highest voltage value permitted to be touchdd for
the UPS under consideration and is sd>called DVC As for use in this standard. Other DVIC Ax
valugs higher than DVC As shall th@ be treated as DVC B.

N-
In this standard, values of @#’B and DVC C are not allowed to be touchable, except ynder
dry condition with finger tip DVC B as shown in Table 2.

NOTE|] Within the UPS, t&dard allows more than one DVC As circuit with different levels of DVC As.

4.4.2.2 Det@’ation of decisive voltage class

4.4.2.2.1 eneral
For pr. C‘gion against the ventricular fibrillation body reaction, DVC can be selected|from
Tabl O ESS—SeVefre ‘;‘G"G “““ Y "G“G":;‘ ;. } =

If it is impossible to protect against the body reaction relevant to the DVC As, a basic
protection against accessibility to hazardous live parts according to 4.4.3 is required.

The DVC voltage limits for the steady-state values under normal operation from Table 2 are
given in Table 5. The short term non-recurring touch voltage limits are given in Figure 1 to
Figure 3.
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Table 2 — Selection of DVC for touch voltage to protect against ventricular fibrillation

Body contact area

Body skin
humidity
conditions Part of the body Hand Finger tip
Dry DVC A2 DVC A DVC B
Water wet DvC A1 DVC A2 DVC A
Saltwater wet Basic protection against DVC A1 DVC A2
accessibility is required

4.4.2

In or

2.2 Selection tables for contact area and skin humidity condition

der to protect against ventricular fibrillation, the appropriate conditions, from Ta

ple 3

and Table 4 shall be selected.
Table 3 — Selection of body contact area
Contact area of accessible parts
Finger tip Hand Part of the body
cm? cm? cm?
accessible parts < 1 1 < accessible parts < 80 80 < accessible parts < 5p0
NOTH| In order to match several basic standards, dealing with~Small, Medium and Large contact area$, this
standard is using Finger tip instead of Small, Hand instead of Medium and Part of the body instead of Large.
Table 4 — Selection of humidity condition of the skin
Humidity.gondition of the skin
Dry Water wet Saltwater wet

normgl indoor condition imglepsed for more than 1 min in immersed for more than 1 min|n a

normal water (average value p = solution of 3 % NaCl in water

35 Qcm, pH =7,7 to 9) (average value p = 0,25 Qcm, pH =

7,5 to 8,5)

NOTE|1 For selection of skinghumidity condition Table 18 provides the relevant skin condition related to the
service environment condition.
NOTE| 2 Information and Yalues are taken from IEC 60479-1
UPS|within.the scope of this document are by default specified for indoor dry environmiental
service conditions and for access by an ordinary person. For such default application, select
the fpllowing area and condition:
a) body contact area: "Hand" (Table 3)
b) skin humidity condition: "Dry" (Table 4)

NOTE The area and condition above determine the decisive voltage category of the UPS to be DVC A, thus
limiting the voltage on touchable parts to equal or less than 30 V RMS, 42,4 V peak or 60 V DC.

Different body contact area and/or skin humidity condition shall be applied where different

envir

onmental service conditions and/or operator access restrictions apply.

For equipment to be installed in a restricted access area, the following exceptions are

perm

itted.

Contact with bare parts of a circuit at hazardous voltage with the test fing

er is

permitted (see Figure M.101). However, such parts shall be so located or guarded that

unintentional contact is unlikely.
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e Bare parts that present a hazardous energy level shall be located or guarded so that
unintentional bridging by conductive materials that might be present is unlikely.

e No requirement is specified regarding contact with bare parts of circuits complying
with the limits of decisive voltage classifications DVC A1, A2, A3, A or B (see
Table A.101).

In deciding whether or not unintentional contact is likely, account is taken of the need to gain

access past, or near to, the bare parts. For determination of a hazardous energy level, see
4.5.1.2.

Compliance is checked by inspection and measurement

4.4.2.2.3 Limits of the working voltage for the DVC

Limitp for the working voltage regarding the DVC for normal operation are given in Tablg 5.

Table 5 — Steady state voltage limits for the decisive voltagé\classes

Limits of working voltage
\Y
DvC AC voltage (r.m.s.) AC voltage DC voltage (mean)

(peak)
UACL UDCL

UncpL
A1 8 11,3 22
A2 12 17 28
A3 20 28,3 48
A 30° 42,4 60
50 71 120
>50 >71 >120

NOTE In some standards SEEV and PELV have similar limits to DVC B.

? In this standard the PW€ A limits are considered for one circuit only. When more
than one DVC A ciruijt of the UPS is accessible and evaluation from 4.2 shows that
the voltage of the\two circuit can add together under single fault condition, the limit
is 25V for a.c, voltage r.m.s.

A.6 ghows three_éxamples of different waveforms of working voltage and provides methods
to evialuate the/woltage under consideration to match with the DVC levels.

The ghort-term non-recurring touch voltages limits during a single fault are given in Figure 1,
Figuje €-and Figure 3.

Within 10 000 ms, the voltage has to decrease to the steady state value given in Table 5.

Table 5, or the fault is to be interrupted by a protective device. Under fault conditions where a
protective device is used the characteristics of such device shall ensure that the time-voltage
limits given in Figure 1 to Figure 3 are not exceeded. If an external protective device is used,
information on characteristics of such device shall be specified by the UPS manufacturer in
the installation manual according to 6.3.7.7.

NOTE 1 Figure 1 to Figure 3 only provide d.c. values for touch voltage because most frequent touchable voltage
are d.c. values. If the manufacturer needs values for a.c. voltage, see A.5.5.
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Figure 1 — Touch time - d.c. peak voltage zones:of ventricular fibrillation
in dry skin condition
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Figure 2 — Touch time - d.c. peak voltage zones of ventricular fibrillation
in water-wet skin condition
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Figure 3 — Touch time - d.c. peak voltage zofes of ventricular fibrillation
in saltwater-wet skin.condition

art of the body, no information for time-voltage zone is given. Basic protection ag
5sibility is required.

bsting, see 5.2.4.

K according to 4.4.3.

3 Requirements.for protection against electric shock

ctive separation, dependent on the DVC of the circuit under consideration ar
cent circuits®

requirements of this standard for protection against electric shock may be fulfillg
meg@ns than shown in Table 6, in which case failure analysis and testing shall show
qlirements of 4.1 and 4.4 are met.

0

7/12

ainst

test results in a failure, addifional measure is required for protection against elgctric

e or
d of

d by
that
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Table 6 — Protection requirements for circuit under consideration

DVC of circuit Protection Protection to Protection to Protection to adjacent circuit
under against accessible accessible of DVC:
consideration accessibility conductive conductive 2
parts parts that are As Bor c
connected to not connected
PE to PE? Ax> As
As® No 1° 1 1°or 2° 2 enhanced
protection
B or basic basic basic 1° or 2° enhanced
A A protection® protection® protection protection
X| =
L}
(o enhanced basic enhanced \X br 2
protection protection protection L,

2

NOTE /\

1 Protection is not necessary for safety, but may be required for functional reasons accorc@ 04.4.7.3,

2 Basic protection for circuit of higher voltage. ..

1 or 2 | Depending on separation with other circuits. /

NOTE 3 Ax> As Voltage less than DVC B but higher than DVC As, that dq‘ee\%t meet 4.4.2.2.

a A, A1, A2 or A3, which ever is appropriate according to 4.4.2.2. 6l/v

b If the cgnsi‘dered circuit is designated as a SELV circuit, basic prot@on is required from earth aphd from
PELV circuits.

¢ Both circuits under consideration have the same DVC As level. &\

¢ Both circuits under consideration have different DVC As IeveQ

€ Except for Finger tip. See Table 2.

f Basic protection is required between galvanically is Igd circuits (e.g. mains supply, UPS outpuf, PV or
generator output, auxiliaries). {\

9 Also applies to conductive parts connected to fungfiéinal earth.

"4

N

maximum voltage allowed to be con& ed to each port. See 6.3.7.1 for marking.

b\
Provision for basic,&(}lﬁection

@)

.

4.4.3

4.4.3.1 General .

Basikg protection is
shall|be provided b)Cone or more of the measures given in:

rotection eans of basic insulation of live parts in 4.4.3.2;

rotecti y means of enclosures or barriers in 4.4.3.3;

rt&gﬂon by means of limitation of touch current and charge in 4.4.3.4;

-

To epsure the integrity of the insulatig@ﬁhe UPS, the manufacturer of a UPS shall statg the
t

ployed to prevent persons from touching hazardous live pargs. It

|
T _T_T T

P i PP~ P £ Lot od o oli o o H 4.4 .2 L
TUTCOTIOUTT y TITCarTS UT IO U VOUTtay T S TIT 1. I I

NOTE Further measures to fulfill the requirement for basic protection are given in IEC 61140. Product

committees using this document as reference document might consider those measures.

4.4.3.2 Protection by means of basic insulation of live parts

Live parts shall be completely surrounded with insulation if their working voltage is greater
than DVC As or if they do not have protective separation from adjacent circuits of DVC C.

Basic insulation may be provided by solid insulation or air clearance.

The insulation shall be rated according to the impulse voltage, temporary overvoltage or
working voltage (see 4.4.7.2.1), whichever gives the most severe requirement. It shall not be

possible to remove the insulation without the use of a tool or key.
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An accessible conductive part is considered to be conductive if its surface is bare or is
covered by an insulating layer that does not comply with the requirements of at least basic
insulation.

Any accessible conductive part is considered to be a hazardous live part if not separated

from

the live parts by at least as specified in Table 6.

The basic insulation shall be designed and tested to withstand the impulse voltages and
temporary overvoltages for the circuits to which they are connected. See 5.2.3.2 and 5.2.3.4

for tests.

A.7 grovides examples of the use of elements of protective measures.

4.4.3.3 Opening

Accejssible openings in enclosures shall comply with minimum protectionydegree IP2X in
accofdance with IEC 60529 when installed in accordance with manufaeturer's instructions
unlegs a greater level of protection is stated by the manufacturer.

Openings shall not exceed 5 mm in any dimension when such openings are located in the top
of an enclosure not exceeding a height of 1,8 m and when located above bare parts
pres¢nting a hazardous voltage, unless the construction ptevents vertical access to |such

parts

Com
4.4.3

The

Q

- 4

, for example, by means of design (see Figure 101).

/ ]

IEC IE

Slanted openings Vertical openings

Figure 101-— Examples of design of openings
preventing vertical access

bliance is checked<by~inspection as per 5.2.2.2 in this document
.4  Protection)by means of limitation of touch current and charge
imitation ¢f-touch current and discharge energy shall not exceed:

valuesof 3,5 mA a.c. or 10 mA d.c. for the limitation of touch current; and

vatue of 50 uC for the limitation of discharge energy.

See A.3 and A.4 for examples of these measures.

NOTE

1 The value of the touch current is independent of the DVC Ax.

NOTE 2 Product committees using this document as reference document may consider the touch current level of
0,5 mA a.c. / 2 mA d.c. as threshold of perception as recommended by IEC 61140.

4.4.3

.5 Protection by means of limited voltages

The voltage between simultaneously accessible parts shall not be greater than DVC As as
determined in 4.4.2.2.

See A.2, A.3 and A.4 for examples of these measures.
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4.4.4 Provision for fault protection
4.4.41 General

Fault protection is required to prevent shock currents which can result from contact with
accessible conductive parts during and after an insulation failure.

Fault protection shall be provided by one or more of the following measures:

- Protective equipotential bonding in 4.4.4.2 in combinations with the PE conductor in
4.4.43;

- Aufomatic disconnection of supply in 4.4.4 4,

upplementary insulation in 4.4.4.5; Q:\S
X\

S
- Yimple separation between circuits in 4.4.4.6;
Hlectrically protective screening in 4.4.4.7. Q

Fault protection shall be independent and additional to those for basic&;’btéction.

NOTE| Further measures to fulfill the requirement for fault protection arq—l( en in IEC 61140. Pfoduct
commjttees using this document as reference document might consider those me@ es.

4.4.j.2 Protective equipotential bonding \Q/C)
S

4.4.4.2.1 General

Protective equipotential bonding shall be provid@tween accessible conductive pafts of
the €quipment and the means of connection for th{\ conductor, except:
&

a) accessible conductive parts that are pqu@jed by one of the measures in 4.4.6.4; or

b) Wwhen accessible conductive parts$,r\é separated from live parts using double or
einforced insulation. A\Q

Elecfrical contact to the means of,@nnection of the PE conductor shall be achieved by one
or more of the following means: \(~

N\
:[rough direct metallic c{g}act;

rough other ac@{bl‘e conductive parts or other metallic components which ar¢ not

bmoved when th S is used as intended;

t
-t
r
through a de&&éd protective equipotential bonding conductor.
When painte aces (in particular powder painted surfaces) are joined together, maskiphg of
paint, pai rcing methods or a separate connection shall be made to ensure reliable
contact{.(/c)

Where elecirical equipment Is mounted on Nids, dOOrs, or cover plates, continuity of the
protective equipotential bonding circuit shall be ensured by a dedicated conductor or
equivalent means complying with the requirements for protective equipotential bonding. If
fasteners, hinges or sliding contacts do not provide and guarantee low enough impedance,
sufficient parallel bonding is required.

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

Unless specified by the manufacturer and in compliance with 4.4.4.2.2 metal ducts of flexible
or rigid construction and metallic cable sheaths shall not be used as protective equipotential
bonding means. Nevertheless, such metal ducts and the metal sheathing of all connecting
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cables (for example cable armouring, lead sheath) shall be connected to the protective
equipotential bonding circuit.

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

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

Figure 4 shows an example of a UPS assembly and its associated protective equipotential

bonding-

&
: 0'<\

Subsystem 1 Subsystem 2 Subsystem n ,\; Door

o

7 !

N
IEC 120812
Key
1 protective equipotential bonding of subsystems or UPS PE conductor (dimensioned according to UPS

requirements)

protective equipotential bonding

PE conductor (dimensioned according to UPS requirements) to installation earthing point
earth bar

hinge

o o~ W N

PE conductor to the load

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

Figure 4 — Example of a UPS assembly and its
associated protective equipotential bonding
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Figure 5 shows an example of a UPS assembly and its associated protective equipotential
bonding through direct metallic contact.

Subsystem 1 Subsystem 2

Subsystem n Door

IEC 1204/12

Key o
Irotective equipotential bondinqéf\SUbsystems through direct metallic contact (paint removed)

rotective equipotential bondi

PE conductor (dimensione,dt:fding to UPS requirements) to installation earthing point

barth bar @ ’

inge O

PE conductor te\th€ load

N oo o b~ W N -

netal subpl

EE ther e%@al equipment (bonded as relevant for that equipment)

Q/C) Figure 5 — Example of a UPS assembly and its
N\ associated protective equipotential bonding
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4.4.4.2.2 Rating of protective equipotential bonding

Protective equipotential bonding shall either be:

a) sized in accordance with the requirements for the PE conductor in 4.4.4.3 and the means
of connection for the PE conductor in 4.4.4.3.2 to ensure no voltage drop exceeding the
values from 4.4.2.2.3 during a fault; or

b) sized

until

- t® ensure no voltage drop exceeding the values from 4.4.2.2.3 during nop@el opergtion

and during a fault. (19
Compliance shall be checked with the type tests in 5.2.3.11. ,'\
¥
4.4.i|.3 PE conductor @(19
4.4.4.3.1 General C)
A PH conductor shall be connected at all times when p \r is supplied to the UPS, unless

the WPS complies with the requirements of protectiv% ss Il (see 4.4.6.3) or proteftive
class Ill. Unless local wiring regulations state other , the PE conductor cross-sectfional
area|shall be determined from Table 7 or by calcm\@tlon according to 543.1 of IEC 60364-5-
54:2011. N

QO

If thg PE conductor is routed through a pl nd socket, or similar means of disconnectipn, it
shalllnot be possible to disconnect it unl@s power is simultaneously removed from the part to

be piotected. A\Q
Table |7\OPE conductor cross-section®
O
Cross-sectional area of phas \conductors Minimum cross-sectional area of the corresponfling
of the UPS PE conductor Sp

mm?

CS)EJMS s

@6 <§<35 16

35<S S/2

AN

Q

as ifferent materials the cross-sectional area of the PE conductor shall be determined in a mgnner
} roduces a conductance equivalent to that which results from the application of this table.

a These%ms are valid only if the PE conductor is made of the same material as the phase conductdrs.In

The cross-sectional area of every PE conductor that does not form part of the supply cable
or cable enclosure shall, in any case, be not less than:

- 2,5 mm?2 if mechanical protection is provided; or

- 4 mmZ2 if mechanical protection is not provided.

Provisions within cord-connected equipment shall be made so that the PE conductor in the

cord shall, in the case of failure of the strain-relief mechanism, be the last conductor to be
interrupted.

For special system topologies, the UPS designer shall verify the PE conductor cross-section
required.
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4.4.4.3.2 Means of connection for the PE conductor

UPS shall have a means of connection for the PE conductor, located near the terminals for
the respective live conductors. The means of connection shall be corrosion-resistant and shall
be suitable for the connection of conductors according to Table 7 and of cables in accordance
with the wiring rules applicable at the installation. The means of connection for the PE
conductor shall not be used as a part of the mechanical assembly of the equipment or for
other connections. Connection and bonding points shall be designed so that their current-
carrying capacity is not impaired by mechanical, chemical, or electrochemical influences.

Where enclosures and/or conductors of aluminium or aluminium alloys are used, particular

atte
2\

Compliance shall be checked by inspection. /\Q:\‘
Anngx K provides further information about electrochemical corrosion. Q'\

| | N
See $.3.7.3.2 for marking requirements. b‘Q’

The marking shall not be placed on or fixed by screws, washers o@her parts which might be
remgved when conductors are being connected. Q/C)

4.4.4.3.3 Touch current in case of failure of PE con@or

The requirements of this subclause shall be satisfieé prevent accessible conductive parts
to become dangerous in case of damage to or discoQ1 ction of the PE conductor.

For pluggable type A equipment, the touchéﬁ}}ent shall not exceed the limits specified in
4.4.34 \s'Q

For gll other UPS, one or more of the‘@llowing measures shall be applied, unless the tpuch
currént can be shown to be less th%g e limits specified in 4.4.3.4:
X

a) Use of a fixed connectior\@
- | a cross-section of theﬁE conductor of at least 10 mm2 Cu or 16 mm2 Al; or
- | automatic discon@tibn of the supply in case of discontinuity of the PE conductor;| or

— | provision of dditional terminal for a second PE conductor of the same cfoss-
sectional argea.as the original PE conductor;

or X

b) Js%ﬁg? a pluggable type B connection with a minimum PE conductor cross-sectipn of
p BYhm? as part of a multi-conductor _power cable. Adequate strain_relief _shall be

4

provided.

For marking requirements, see 6.3.7.4.
Compliance is checked by inspection and by test of 5.2.3.7.

For equipment which may be energized from multiple sources of supply, the touch current
limits above apply in all possible intended installation configurations and combinations of
sources that may be energized at the same time, unless one of the measures in a) or b)
above is used.

When it is intended and allowed to interconnect two or more UPS using one common PE
conductor, the above touch current requirements apply to the maximum number of UPS to
be interconnected, unless one of the measures in a) or b) above is used. The maximum
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number of interconnected UPS is used in the testing and has to be stated in the installation
manual.

4.4.4.4 Automatic disconnection of supply
For automatic disconnection of supply:

- a protective equipotential bonding system shall be provided; and

- a protective device operated by the fault current shall disconnect one or more of the line
conductors supplying the equipment, system or installation, in case of a failure of basic
insulation.

The protective device shall interrupt the fault current within a time as specified in;@ne 1,
Figule 2 or Figure 3 in 4.4.2.2.3. Q/

A
N
f],:

Supplementary insulation is an independent insulation applied | ,\éldition to Basic
insulation for fault protection and shall be dimensioned to withstan& e same stress¢s as
speclfied for basic insulation. q/Q

4.4.41.5 Supplementary insulation

4.4.4.6 Simple separation between circuits C)

Simpgle separation between a circuit and other circuits %Sé\rth shall be achieved by hasic
insulation throughout, rated for the highest voltage preQe .

If any component is connected between the separ, tgi circuits, that component shall withgtand
the ¢lectric stresses specified for the insulation @ch it bridges.

If arly component is connected between’@ circuit and a circuit connected to earth, its
impedance shall limit the current rowQ\rough the component to the steady-state tpuch
curréent values indicated in 4.4.3.4. A\

. WO
4.4.47 Electrically protectlu%s reening
Q)

Electrically protective scr@ng interposed between hazardous live parts of a UPS, |shall
cons|st of a conductive ;scteen connected to the protective equipotential bonding of the
UPS|whereby the scr@& separated from live parts by at least simple separation.

The protective sc g{and the connection to the protective equipotential bonding syst¢m of
the YPS and t terconnection shall comply with the requirements of 4.4.4.2.

4.4.5 Eﬁﬁnced protection

4.4.5. General

Enhanced protection shall provide both basic and fault protection and can be achived by
means of;:

- Reinforced insulation in 4.4.5.2;
- Protective separation between circuits in 4.4.5.3;
- Protection by means of in4.4.5.4.

NOTE Further measures to fulfil the requirement for enhanced protection are given in IEC 61140. Product
committees using this document as reference document might consider those measures.

4.4.5.2 Reinforced insulation

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

4.4.4

5).

4.4.5.3 Protective separation between circuits

Protective separation between a circuit and other circuits shall be achieved by one of the
following means:

- double insulation (basic insulation and supplementary insulation in 4.4.3.2 and

4

4.4.5);

- reinforced insulation in 4.4.5.2;

- ¢
- 4
If co
in a
indiv
achig

If an
with

4.4.5

y component is connected between the separated circuits, t? component shall cg
he requirements for protective impedance devices (see {'fb 4)

N\
.4  Protection by means of protective impedanc%\

Protgctive impedance shall be arranged so tha %der both normal and single

cond

The
and
5.2.3

Com

5.2.3

Com
calcy

NOTH
conne

4.4.6
4.4.6

itions the current and discharge energy avai( e shall be limited according to 4.4.3

emporary overvoltages for the circu@ o which they are connected. See 5.2.3.2
.4 for tests. $
%

N
bliance with the requirement\@ﬁthe limitation of touch current is checked by tg
6.

N

O

\)
bliance with the requir@ent for the discharge energy shall be checked by perfon
lations and/or mez@fsments to determine the voltage and capacitance.

A protective i@BQance designed according to this subclause is not considered to be a g3
ction.

Pro@'ﬂ/e measures
.1 C&neral

ectrically protective screening in 4.4.4.7; Q
combination of these provisions. Q:\~
hductors of the separated circuit are contained together with conductors her cincuits
multi-conductor cable or in another grouping of conductors, they s| be insul
dually or collectively, for the highest voltage present, so that double insulatig
ved. b‘Q,

Q

S
brotective impedances shall be designﬁ&dnd tested to withstand the impulse volfages

ated,
JIE

mply

fault
4.

and

st of

ming

lvanic

That

Ko . » ol

That part of a UPS which meets the requirements of 4.4.6.3 is defined as protective class Il.

That part of a UPS which meets the requirements of 4.4.6.4 is defined as protective class Ill.

Compliance shall be checked by satisfying the requirements for protective class I, class Il or
class Ill.

A.7 provides Examples of the use of elements of protective measures.

Equipment of protective class I, Il and Il shall be marked according to 6.3.7.3.
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4.4.6.2 Protective measures for protective class | equipment
Protective class | equipment shall meet the requirements for:

- basic protection in 4.4.3; and

- fault protection in 4.4.4.2 and 4.4.4.3 with respect to equipotential bonding and PE
conductor.

4.4.6.3 Protective measures for protective class Il equipment

Protective class Il equipment shall meet the requirements for enhanced protection

ACCOfeHRS SEVIAVIESEESTate o8 oS- HH-6—S= e -+ = -5 nin
4.4.3 with respect to accessibility to hazardous live parts. ~\§

Protective class Il equipment shall not have means of connection for the PE conegétor. This
does| not apply if a PE conductor is passed through the equipment to e ment sgries-
conngcted beyond it. )

.

4
In th¢ latter case the PE conductor and its means for connection shall@ separated from:

- accessible surface of the equipment; and @(1/
- ¢jrcuits which employ protective separation C)

with pt least simple separation according to the requiremé\hn 4.4.4.6.

The [simple separation shall be designed accor%@%o the rated voltage of the sqries-
conngected equipment.
S

Equipment of protective class Il may have,provision for the connection of an earthing
conductor for functional reasons or for \é damping of overvoltages. In this case| the
functLonaI earthing conductor shall be segarated from:

Q

cessible surface of the equipr&e ; and

(@]

rcuits which employ protecQ'S/\e separation according to 4.4.5.3
QY)

with pt least protective sep@ion according to the requirement in 4.4.5.3.

.

Equipment of protec@lass Il shall be marked according to 6.3.7.3.3.

O

Compliance is cl@sked by inspection.
4.4.6.4 épective measures for protective class Ill equipment or circuits
&/C) Ge

Protective measures shall be achieved by protective separation by one of the following
means:

4.4.6 neral

- basic insulation and supplementary insulation (double insulation) according to
4.4.3.2 and 4.4.4.5;

- reinforced insulation according to 4.4.5.2;
- electrically protective screening and simple separation according to 4.4.4.7; or
- acombination of these provisions;

used in combination with one of the following means:

- protective impedance according to 4.4.5.4 comprising limitation of discharge energy and
of current; or
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- limitation of voltage according to 4.4.3.5.

The protective separation shall be fully and effectively maintained under all conditions of

intended use of the UPS.

4.4.6.4.2 Connection to PELV and SELYV circuits

If a port is intended for connection of an external PELV or SELV circuit with a higher voltage

than DVC As:

- measures to limit the voltage to that of DVC As shall be taken (see Annex A); or

- Hasic protection shall be provided.

level[for DVC As, of Table 5, is permitted. Example: if DVC A1 is DVC As, the\
permlitted at pins of signal connectors. Q

N

For donnectors containing pins with very small contact area (< 1 mm?), the next hig@‘v

0

The ponnection of external PELV or SELV circuits to an internal circuibi; ermitted wit

following consideration: b‘

|
= =

¢ the DVC selected from Table 5 for the internal circuit under)consideration; and

elected from Table 5 for the internal circuit under coné;ieratlon

levellunder fault conditions shall be considered.
s\\)
\‘0

For marking, see 6.3.7.1.

- With measures: if the DVC of the PELV and SELV vbi(zge are higher than the
S

The possibility of an addition of the voltages of th&@%wts under consideration to a h

Congideration needs to be given to fac such as whether the circuits involved are ea

or n¢t, what the voltages involved at€, whether or not direct contact with live par

poss|ble, single faults in either equi@nent or the interconnections, etc.
N

O

4.4.71.1 General .

4.4.71.1 Influe@actors

4.4.7 Insulation

This subclaus&~ ‘'es minimum requirements for insulation, based on the principlg

IEC $0664

Mamrfz@/ﬁpﬁ tolerances shall be taken into account for the requirements in 4.4.7.

tage
CA2is

h the

ithout measures: only if the DVC of the PELV and SELV vol@e are lower than or g¢qual

DvC

gher

thed
ts is

s of

Insulation shall be selected after consideration of the following influences:

- pollution degree;

- overvoltage category;

- supply system earthing;

- impulse withstand voltage, temporary overvoltage and working voltage;
- location of insulation;

- type of insulation.

Verification of insulation shall be made according to 5.2.2.1, 5.2.3.2, 5.2.3.4, and 5.2.3.5.

The working voltage can also be measured in accordance with Annex A
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4.4.7.1.2 Pollution degree

Insulation, especially when provided by clearances and creepage distances, is affecte

d by

pollution which occurs during the expected lifetime of the UPS. The micro-environmental

conditions for insulation shall be applied according to Table 8.

Table 8 — Definitions of pollution degrees

Pollution .
d Description
egree
1 No pollution or only dry, non-conductive pollution occurs. The pollution has no influence.
D Normally, only non-conductive pollution occurs. Occasionally, however, a temporary condu@ ity
caused by condensation is to be expected. L
3 Conductive pollution or dry non-conductive pollution occurs which becomes conducy}(e ue to|
condensation which is to be expected.
a The pollution generates persistent conductivity caused, for example by conduﬂl}; dust or rairn} or
snow. .
Q
The pollution degree shall be determined according to the envir@ental condition for which
the product is specified. See Table 18 for selection of @ ion degree accordirlg to

envionmental classification of the installation.

&
X
The linsulation may be determined according to poIItQ'opdegree 2 if one of the follg

applies: QQ

a) Instructions are provided with the UPS in@ng that it shall be installed in a poll
legree 2 environment; or 1%

he specific installation application d&he UPS is known to be a pollution degr
nvironment; or

)
c) the UPS enclosure or coatings&ﬁpplied within the UPS according to 4.4.7.8.4
.4.7.8.6 provide adequate pr@ction against what is expected in pollution degree 3
(conductive pollution and sendensation).

b)

wing

ution

ee 2

2 or
and

N, . . .
The UPS manufacturer shaﬁ)state in the documentation the pollution degree for which the

UPS|has been designedg’ .

If opration in a p@.l ion degree 4 environment is required, protection against condy
pollution shall b ovided by means of a suitable enclosure.

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

ctive

ion is
lation

may begesigmedtoavorda contimuous pattrof comductive pottutiom, e g by eans of TS ard-grooves AT
provides further information about the evaluation of clearance and creepage distances.

Unless otherwise specified by the UPS manufacturer, the UPS shall be suitable for install
in environments in which the pollution degree is 2 (PD2), see Table 8

4.4.71.3 Overvoltage category (OVC)

The concept of overvoltage categories (based on IEC 60364-4-44 and |IEC 60664-1) is
for equipment energized from the supply mains, and addresses the level of overvo

nex D

ation

used
ltage

protection expected. The OVC for non-mains supply is determined by taking into account
whether control of overvoltages is provided or not, and whether the UPS is connected to

outdoor lines or not, and if so, the length of the lines.

Four categories are considered.
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- Equipment of overvoltage category IV (OVC V) is for use at the origin of the installation.
NOTE 1 Examples of such equipment are electricity meters and primary overcurrent protection equipment and

other equipment connected directly to outdoor open lines.

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

NOTE 2 Examples of such equipment are switches in the fixed installation and equipment for industrial use with
permanent connection to the fixed installation.

- Equipment of overvoltage category Il (OVC Il) is energy-consuming equipment to be

sppplied from the fixed installation

NOTE|3 Examples of such equipment are appliances, portable tools and other household and similar leads™

If sych equipment is subjected to special requirements with regard to rglidbility| and
availpbility, overvoltage category Il applies.

- Hquipment of overvoltage category | (OVC I) is equipment for connection to circults in
which measures are taken to limit transient overvoltages to an appropriately low level

NOTE|4 Examples of such equipment are those containing electronic circuits proteeted‘to this level.

NOTE|5 Unless the circuits are designed to take the temporary overvoltages into account, equipmgnt of
overvgltage category 1 cannot be directly connected to the supply mains.

The [measures for reduction of the impulse voltage shall ensure that the tempgrary
overpoltages that could occur are sufficiently limited 80 that their peak value doeg not
excepd the relevant rated impulse voltage of Table~8. and shall meet the requiremept of
4.4.7.2.2,4.4.7.2.3 and 4.4.7.3 as applicable.

Anngx | shows examples of overvoltage categoriwConsiderations for insulation requiremerts.

For UPS and circuits not intended to be, powered from the supply mains, the approgriate
overyoltage category shall be determiimed as required by the application based orl the
overyoltage control provided on the supply to the equipment or circuit.

NOTE| 6 Product committees using, thisistandard as a reference document should consider the determinafion of
overvgltage catagories for special apphications.

As 3 minimum, the UPRS- shall be suitable for installation in environments presenting
overyoltage categories-listed in Table 102.

For YPS units designed to be part of a parallel configuration, the current to be considergd in
Tablg¢ 102 is that-provided by the parallel configuration.

Table 102 — Overvoltage categories

Rated-UPSoutputcurrentRMS) Overvoltage—category
A ovc?

1<16 1l

16 <1<75 1

75 <1<400 1

400 < 1<500 1"

500 < I I
NOTE In general and depending on the mode of operation, the OVC to which the critical load is subjected is

that of the UPS input. This can be reduced through overvoltage reduction techniques (see Annex I).
a8 The OVC specified represent those of typical installations in accordance with 4.4.7.1.3. Different OVC can
apply under special conditions (see Annex I).
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If measures are provided to reduce impulses of overvoltage category lll to values of category
Il, or values of category Il to values of category |, appropriate insulation may be designed to
the reduced values, provided that following a single failure, e.g. of the reduction measure, at
least the basic insulation requirements for the original overvoltage category shall be fulfilled.

NOTE For guidance on overvoltage category reduction, see Annex |

4.4.71.4

Supply system earthing

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

Tabl
cons|deration to determine the impulse withstand volt
deteqmine the temporary overvoltage.

A URS having more than one input or outputs‘s\hall be evaluated according to the inp
outp

4.4.711.5 Determination of impulse withstand voltage ég‘lemporary overvoltage

Tabje 9 — Impulse withstand voltagi\gﬁi temporary overvoltage versus system vol{

imstallation being connected to that point by protective conductors. Three typch
system, TN-C, TN-S and TN-C-S, are defined according to the arrangement of h*.ne
nd protective conductors.

—

T system: has one point directly earthed, the accessible conducti '\/}arts of
stallation being connected to earth electrodes electrically independ&t of the
| N -

4
T system: has all live parts isolated from earth or one point con ed to earth thr|
n impedance, the accessible conductive parts of the irﬁ?lation being ea
dependently or collectively to the system earthing. @

D =

ectrodes of the power system.

= —

9 uses the system voltage (see 4.4.7.1.6) and overidltage category of the circuit U
é The system voltage is also us

N

t which gi th t i .
which gives the most severe requwe’r&g(s

the
f TN
utral

the
parth

pough
rthed

nder
ed to

ut or

age

Column 1 2 | 3 xO

| 4 5 6

Sydtem voltage *°

(siee 4.4.7.1.6)

Impulse withstand voltage

O
S v

Temporar
overvoltagq

\Y

\Y

.

Q
Ko

Up to and
including

o

§\ : Overvoltage category

C)Q~ | ] 1l v
afe. "‘%’.c. r.m.s. / pegk
5® 75 330 500 800 1 500 1250/1770
100 150 500 800 1500 2 500 1300/ 1 840
150 225 800 1 500 2 500 4 000 1350/1910
300 450 1500 2 500 4 000 6 000 1500/2120
600 900 2 500 4 000 6 000 8 000 1800/ 2550
1000 ° 1 500 4 000 6 000 8 000 12 000 2200/3110

a

Interpolation of system voltage is not permitted when determining the impulse withstand voltage for mains

supply.

The r.m.s. values are derived using the formula (1 200 V + system voltage) from IEC 60664-1.

The last row only applies to single-phase systems, or to the phase-to-phase voltage in three-phase

systems.
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4.4.7.1.6 Determination of the system voltage
4.4.7.1.6.1 For mains supply
For UPS supplied by an a.c. mains supply, the system voltage (in column 1 of Table 9) is:

- 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:

2N oa ool £t ratac salba o b ot B b oo and on
T ST vaoC— o e ratcO— v ommtag e~ oCTw o T o prriast—arta att

apoint

LJ A |
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 V3.

NOTE| 3 The phase to an artificial neutral point can be accepted due to the well balance systents. Under gingle
fault ¢ondition the system voltage will temporary change to phase to phase voltage, but Undet this singlqg fault
condifion the impulse voltage is allowed to be reduced by one step according to Table 9 and-Will lead to the|same
result|for the determination of clearance.

o[ the r.m.s. value of the rated voltage between phases_for"UPS with increased
reliability;

o[ for determination of temporary overvoltage, the r.m.s.)value of the rated voltage
between phases;

- ip single-phase IT systems, the r.m.s. value of, tlié" rated voltage between syipply
cpnductors.

NOTE| 4 For UPS having series-connected diode bridges ({2%ulse, 18-pulse, etc.), the system voltage [is the
sum of the a.c. voltages at the diode bridges.

Whep the supply voltage is rectified d.c. defi¥eéd from the a.c. mains, the system voltape is
the rlm.s. value of the source a.c. before rectification, taking into account the supply system
earthing.

NOTE| 5 Voltages generated within the URS by the secondaries of transformers providing galvanic isolatiof from
the mpins supply are also considered tg b& system voltages for the determination of impulse voltages.

See $.3.7.3 for marking reqdirements.

4.4.7.1.6.2 For non=mains supply

For UPS supplied by non-mains a.c. or d.c., the system voltage is the r.m.s. value of the
supply voltage between phases.

4.4.711.7 Components bridging insulation

CompoRhents bridging insulation shall comply with the requirements of the level of insulation
(e.g. basic, reinforced, double) they are bridging.

A capacitor connected between two line conductors in a primary circuit, or between one line
conductor and the neutral conductor or between the primary circuit and protective earth shall
comply with one of the subclasses of IEC 60384-14 or with the requirement of 4.4.7.1.7 and
shall be used in accordance with its rating for voltage and current.

For equipment to be connected to IT power distribution systems components connected
between line and earth shall be rated for the line-to-line voltage. However, capacitors rated
for the applicable line-to-neutral voltage are permitted in such applications if they comply with
subclass Y1, Y2 or Y4 of IEC 60384-14.
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4.4.7.2 Insulation to the surroundings
4.4.7.21 General

Insulation for basic, supplementary, and reinforced insulation between a circuit and its
surroundings shall be designed according to:

- the impulse withstand voltage; or

- the temporary overvoltage; or

- the working voltage of the circuit.

For §reepage distances, the r.m.s. value of the working voltage is used, as descripgd in

4.4.1.5. Q:\‘

For ¢learance distances and solid insulation, the impulse withstand voltage, }(& temporary
overyoltage or the recurring peak value of the working voltage is used, @s ‘describged in
4.4722t04.4.7.2.4, )

.

of an fndirect voltage source converter, or the damped oscillation of a thyristor s er, or internal voltages of a

NOTE|1 Examples of working voltage with the combination of a.c., d.c. and recur. i@%eaks are on the d.p. link
switchH-mode power supply. For more information see A.6. @6

NOTE|2 The impulse withstand voltage and temporary overvoltage depe the system voltage of the gircuit,
and tHe impulse withstand voltage also depends on the overvoltage cate?\ s shown in Table 9.

For UPS with galvanic isolation between the mains?n non-mains circuits, the impulse
voltage withstand ratings of the mains and non-mai rcuits are determined as in 4.4.j7.2.2
and #.4.7.2.3. Thereafter the effect of reduction K e overvoltage categories (OVC) a¢ross
the igolation is evaluated as follows: \)

- Tlhe magnitude of impulses from the\’%@ns supply circuit on the non-mains sypply
cjrcuit is determined by reducing the of the non-mains supply supplies by one level,

nd determining the resulting impy@%voltage withstand rating based on mains sypply
stem voltage. A\

he rating to be used on the ’n@rmains circuit is the higher of the value in 4.4.7.2.3 and
the value determined abO\(eC\)J:

he magnitude of impulg%}from the non-mains circuit on the mains circuit is deterrmined
reducing the OVC _of the non-mains circuit by one level, and determining the resuylting
ilmpulse voltage wi nd rating based on non-mains supply system voltage.

he rating to b ed on the mains circuit is the higher of the value in 4.4.7.2.2 angl the

vplue determ@ above.

For PS na&gviding galvanic isolation between the mains and non-mains circuits| the
impuls and voltage ratings of the mains and non-mains circuits are determined ps in
4.4.1. d 4.4.7.2.3 above. The higher of the two impulse withstand voltage ratings is Jused
for th eérftlre combined circuit. For circuits connected to the combined circuit without galyanic
isolation, the impulse withstand voltage rating of the combined circuit applies.

NOTE 3 See I.5 for examples.

When circuits of DVC A or B are supplied from the mains through a transformer providing
galvanic isolation working at a frequency higher than that of the supply, the insulation
between the circuit and the surroundings may be determined according to the working
voltage of the circuit.

In that case the transformers ability to reduce the impulse voltages to values less than the
impulse voltage associated with the working voltage determined from Table 10 shall be
shown by test, simulation or calculation.
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NOTE 4 The ability of a high frequency transformer to reduce impulse voltages originates from the very low
coupling capacitance across the galvanic insulation compared to a the typical grounding capacitance in the DVC A
or B circuit.

4.4.7.2.2 Circuits connected to mains supply

Insulation between the surroundings and circuits which are connected directly to the mains
supply shall be designed according to the impulse withstand voltage, temporary
overvoltage, or working voltage, whichever gives the most severe requirement.

This insulation is normally evaluated to withstand impulses of overvoltage category Ill, except
that overvoltage category IV shall be used when the UPS is connected at the origin of the
instdllation. Overvoltage category Il may be used for plug-in equipment without sgecial
requirements with regard to reliability. Q/+

If measures are provided which reduce impulses of overvoltage category I\<\o valug¢s of
category lll, or values of category Ill to values of category I, basic or(Supplementary
insulation may be designed for the reduced values. The requirements” for double or
reinflorced insulation shall not be reduced to values less than those,required for hasic
insulation designed to withstand impulses without these measures b ib?present.

If thg devices used for this purpose can be damaged by over\ﬁlbggks or repeated impulses,
thus [decreasing their ability to reduce impulses, they shall b% nitored and an indicatipn of
their[status provided. AN\

NOTE| 1 The determined impulse withstand voltage based on t stem voltage may be reduced by megans of
inhergnt protection or SPD internal in the UPS or as part of th Ilation. IEC 61643-12 provides informat|on on
the sdlection and use of such SPD. \\Q

NOTE| 2 Circuits which are connected to the supply maiﬁ%s\)la protective impedances, according to 4.4.5H4, are
not reparded as connected directly to the supply mains. @)

A prgventive maintenance plan is an aIte@ative to monitoring, as long as the continuity gf the
overyoltage reduction remains the saR@)

4.4.7.2.3 Circuits connecte%ﬁaonon-mains supply
Q8)

Insulption between the surr@%ings and circuits supplied from a non-mains supply shill be
designed according to:

e impulse withs@ﬁ/oltage determined from Table 9 using the system voltage;

- the working tage;
- the tempou@ﬁ)vervoltage if known to exist due to the nature of the supply;

whic evecjﬁves the more severe requirement.

&

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

- Without detailed knowledge of the temporary overvoltage, it shall be according to
Table 9.

- If the temporary overvoltage is known this value shall be used.

By the determination of temporary overvoltages on non-mains supply, following situations
should be considered:

- loss of the neutral in a non-mains low-voltage system;

- accidential earthing of a non-mains low voltage IT system; and

- short circuit in the non-mains low voltage installation.
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For further information, see |IEC 60364-4-44-2007, Clause 442.

The overvoltage category for non-mains supply shall be overvoltage category Il. A higher
overvoltage category shall be assigned when control of over-voltage is not provided, and
when connected to long outdoor lines. For applications and circuits with a known low level of
impulse voltages and for which it can be shown that the impulse voltages remain on a low level even
under single fault condition, overvoltage category | may be used. This requirement is considered to
be met if the expected impulse voltages do not exceed the values given in Table 9 for overvoltage
category | at the appropriate system voltage.

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

Prodjict committees using this standard as a reference document shall determing the
apprppriate overvoltage category from Table 9, based on the system voIt§ and the

maximum impulse voltage likely to occur in their application. Special consid ion mgy be
applicable for product specific applications, which have not been considered(ilﬁ;sh s standard.

Compmunication lines shall be considered as non-mains supplies. Q’

If measures are provided which reduce impulses of overvolta%.}}ategory Il to valugs of
category Il, or values of category Il to values of categor)c}, asic or supplementary
insulation may be designed for the reduced value. T quirements for double or
reinforced insulation shall not be reduced to values lgs&than those required for Basic
insulation designed to withstand impulses without thes&r@ sures being present.

If thg devices used for this purpose can be dama Q)y overvoltages or repeated impulises,
thus |decreasing their ability to reduce impulses,\%ey shall be monitored and an indicatipn of
theirfstatus provided. 2

NOTE| 2 The determined impulse withstand volta \based on the system voltage can be reduced by megns of
inhergnt protection or SPD internal in the UPS oggpart of the installation. IEC 61643-12 provides informatjon on
the sglection and use of such SPD. A\

xO
4.4.7.2.4 Insulation betweect}.clrcuits

N
Insulation between two cir@ shall be designed according to the circuit having the more
sevefe requirement. @ .

For the design of e and protective separation between circuits the insulation shall be
designed according, {o:

—

:[e circ @gving the more severe requirement; or
- the

ing voltage between the circuits;

whichev&r gives the most severe requirement

4.4.7.3 Functional insulation

If the failure of functional insulation does not produce a hazard (electrical, thermal, fire), no
specific requirements apply for the dimensioning of functional insulation. In other cases the
following requirements apply.

Testing is not required, except where the circuit analysis required by 4.2 shows that failure of
the insulation could result in a hazard.

For parts or circuits that are significantly affected by external transients, functional
insulation shall be designed according to the impulse withstand voltage of overvoltage
category |l, except that overvoltage category lll shall be used when the UPS is connected at
the origin of the installation.
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Where measures are provided that reduce transient overvoltages within the circuit from
category lll to values of category Il, or values of category Il to values of category I, functional
insulation may be designed for the reduced values.

Where the circuit characteristics can be shown by testing (see 5.2.3.2) to reduce impulse
voltages, functional insulation may be designed for the highest impulse voltage occurring in
the circuit during the tests.

For parts or circuits that are not significantly affected by external transients, functional
insulation shall be designed according to the working voltage across the insulation.

K
.\_
/\Q’

N

Cleafances for functional, basic and supplementary insulation shall kg "dimensiponed
accofding to Table 10 (see Annex D for examples of the evaluation of clgarance distanges).
Interpolation is permitted, when clearance is determined from tempgorary overvoltage or

worKing voltage. b‘
Q

Cleafances for reinforced insulation shall be dimensioned to V\%stand an impulse voftage
one [step higher than the impulse withstand voltage, or €)times the peak temporary
overpoltage or peak working voltage, required for basic ip\ ation.

4.4.7.4 Clearance distances

4.4.7.4.1 Determination

Cleatance distances for use in altitudes between 2 m and 20 000 m shall be calcujated
using a correction factor according to Table A.2 of 0664-1:2007, which is reproduced as

Tablg E.1. N\
N
A cdrrection factor selected from Table E-20is also used for determination of clearance
distapces for approximately homogenous$ s when frequencies are greater than 30 kHfz, as
giver) in Annex F. )
4\
xO
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Table 10 — Clearance distances for functional, basic or supplementary insulation

Impulse Temporary Working voltage °'
withstand voltage overvoltage *f . .
d (recurring peak)
(peak)
(from Table 9) v
only rele\{apt for Minimum clearance distances in air up to
\Y determining 2 000 m above sea level
insulation between
surroundings and mm
circuits

(from Table 9)

v lA

| <
Pollut d
ollution egrej‘Q/

\
1 2 N A
S
330 330 260 0,01 '\(1/
500 500 400 0,04 0,2bc”
Q 0,8¢
800 710 560 0,10 (‘Q 16 ¢
1500 1270 1010 0,5 9%
2 500 2220 1770 1,5 (/(J 1,5 1,5
4000 3430 2 740 30N 30 3,0 30
£
6 000 4 890 3910 {53 5,5 5,5 55
8 000 6 060 4 840 N) 8.0 8,0 8,0 8o
12 000 9 430 7 540 \\\ 14 14 14 14
2N
? Thisg| voltage is approximately 0,8 times the voltage rea@)rgﬂ'lto break down the associated clearance.
® For printed wiring board (PWB), the values for p fon degree 1 apply except that the value shall not bg less
than 0,04 mm.

® The|minimum clearance distances given for‘qgllution degrees 2, 3 and 4 are based on the reduced withstand
charjacteristics of the associated creepage ance under humidity conditions (see IEC 60664-5).

9 Inte polation is permitted for non-mai s‘s-upply.

¢ Cledrances for temporary overv @é and working voltage are derived from Table F.7a of
IEC|60664-1:2007. é)

" Inte polation is permitted, @n ‘clearance is determined from temporary overvoltage and working voltagg.

\)

@)

NOTE| If clearanc stressed with steady-state voltages of 2,5 kV (peak) and above, dimensioning accprding
to the|breakdown es in Table 10 may not provide operation without corona (partial discharges), especidlly for
inhomjogeneou s. In order to provide corona-free operation, it is possible either to use larger clearancgs, as
given jn Tab of IEC 60664-1:2007, or to improve the field distribution.

Comp e shall be checked by visual inspection (see 5.2.2.1) or by performing the impulse

/t £ VD Al ~ile Mie Mie) PN YN ol LL £ ot o .2 D 4
VO aytC iCol VUl V.o.J.o diiu uare d.v. Ul Uu.u. VUILGHU (COot Ul V. 4.J.7T.

4.4.7.4.2 Electric field homogeneity

The dimensions in Table 10 correspond to the requirements of an inhomogeneous electric
field distribution across the clearance, which are the conditions normally experienced in
practice. If a homogeneous electric field distribution is known to exist, the clearance distance
for basic or supplementary insulation may be reduced to not less than that required by
Table F.2 (Case B) of IEC 60664-1:2007. In this case, however, the impulse voltage test of
5.2.3.2 shall be performed across the considered clearance.

If the withstand against steady state voltages, recurring peak or temporary overvoltages
according to Table 10 is decisive for the dimensioning of clearance and if these clearances
are smaller than the values of Table 10 then an a.c. or d.c. voltage test according to 5.2.3.4 is



https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

IEC 62040-1:2017 EXV © IEC 2017 - 59 -

required. Clearance distances for reinforced insulation shall not be reduced for
homogeneous fields.

4.4.7.4.3 Clearance to conductive enclosures

The clearance between any non-insulated live part and the walls of a metal enclosure shall
be in accordance with 4.4.7.4.1 during and following the deflection tests of 5.2.2.4.2.

Compliance is checked by inspection and by test of 5.2.2.4.2.

If the design clearance distance is at least 12 7 mm and the clearance distance required by

4.4.7.4.1 does not exceed 8 mm, the deflection tests may be omitted. ~\§

4.4.7.5 Creepage distances /\
N

4.4.7.51 Insulating material groups Q

Insulpting materials are classified into four groups corresponding to the@o'o\nparatlve tragking
inde) (CTI) when tested according to 6.2 of IEC 60112:2003:

- Ipsulating material group I: CTI > 600; @q’
- Ipsulating material group II: 600 > CTI > 400@0

- Ipsulating material group llla: 400> CTI >1

- Ipsulating material group Ilib: 175 > Cgmo.

Creepage distance requirements for PWBs e& d to pollution degree 3 environmiental
o}

condjtions shall be determined based on Table [lution degree 3 under “Other insulatprs”.

If thg creepage distance is ribbed, then th ’&eepage distance of insulating material of grpup |
may [be applied using insulating materi f group |l and the creepage distance of insulating
matefial of group Il may be applied us insulating material of group Ill. The spacing df the
ribs shall equal or exceed the dirp\@smn ‘X’ in Table D.1. For pollution degree 2 and 3, the
ribs ghall be at least 2 mm high.\L‘
QS)

\)
For {norganic insulating m@ials, for example glass or ceramic, which do not track] the
creepage distance maw _equal the associated clearance distance, as determined [from

Tablg 10. O
o
4.4.7.5.2 De@{nlnatlon

Creepage (@ nces for functional, basic and supplementary insulation shall be
dimepsio according to Table 11. Interpolation is permitted. Creepage distance$ for
reini]o insulation shall be twice the distances required for basic insulation.

N
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Table 11 — Creepage distances (in millimetres)

Column 1 2 3 a | s | e | 7 | 8 | o | 10 | 11 | 12
Working PWBs * Other insulators
\(l:):rt‘ag? Pollution degree Pollution degree
1 2 1 2 3
ANl matorial ma’:'ﬁal All Insulating material group Insulating material group
Vv groups groups ";"“e’p“' I I llla lib I I la lib
except Illb
-B 0,025 | 004 | 0,056 | 035 | 035 0,35 087 | 087 081
3 0,025 | 004 | 0065 | 037 | 0,37 0,37 092 | o092 | ook
1p 0,025 | 0,04 | 0,08 040 | 0,40 0,40 1,0 10 4 V1,
2k 0,025 | 004 | 0125 | 050 | 0,50 0,50 125 1@28% 125
3p 0,025 | 0,04 | 0,14 053 | 0,53 0,53 13 |, "l 1,
ap 0,025 | 004 | 0,16 0,56 | 0,80 1,1 140 1,6 1,
5p 0,025 | 004 | 0,18 0,60 | 0,85 1,20 e 1,7 1,
6p 0,04 0,063 | 0,20 063 | 0,90 1,25 Gie 1,8 2,
8p 0,063 | 010 | 0,22 0,67 | 0,95 13 () 17 1,9 2,
10p 0,10 0,16 | 0,25 071 | 1.0 14 N 18 2,0 2,
12f 0,16 0,25 | 0,28 075 | 1,05 1,50 1,9 2,1 2,
16p 0,25 0,40 | 0,32 0,80 | 1,1 R 2,0 2,2 2%
20p 0,40 0,63 | 0,42 1,0 14 [ X 20 2,5 2,8 3,
25p 0,56 1,0 | 056 125 | 184 25 3,2 3,6 4,
32p 0,75 16 | 075 16 | &% 3,2 4,0 4,5 5,
40p 1,0 2,0 1,0 20 |\ 28 4,0 5,0 5.6 6,
50p 1,3 2,5 1,3 254 36 5,0 6,3 7.1 8,
63p 1,8 3,2 1,8 x\@? 4,5 6,3 8,0 9,0 10,
8op 2.4 4,0 2,4 Nl 4.0 56 8,0 10,0 | 11 12,5 b
1.00p 3,2 5,0 e’ 50 7.1 10,0 12,5 | 14 16
125p 4,2 63 .42 6,3 9 12,5 16 18 20
1 60p ° }-\VR 56 80 | 11 16 20 22 25
2 00p GO 75 | 100 | 14 20 25 28 32
2 50p RN 10,0 | 12,5 | 18 25 32 36 40
3 20p O] 125 | 16 22 32 40 45 50
400p | 16 20 28 40 50 56 63
5 00p. {4~ 20 25 36 50 63 71 80
6 300 —~ Z5 32 75 B3 30 90 TOU
8 000 32 40 56 81 100 110 125
10 000 ® 40 50 71 100 125 140 160

Interpolation is permitted.

a

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

Insulating materials of group IlIb are not normally recommended for
pollution degree 3 above 630 V.

Above 1 250 V use the values from columns 4 to 11, as appropriate.

For higher voltages, creepage distances should be dimensioned
according to Table F.4 of IEC 60664-1:2007
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When the creepage distance requirement determined from Table 11 is less than the clearance
distance required by 4.4.7.4.1 or the clearance distance determined by impulse testing (see
5.2.3.2), then the creepage distance shall be increased to the clearance distance.

Compliance of creepage distances shall be checked by measurement or inspection (see
5.2.2.1) (see Annex D for examples of the evaluation of creepage distances).

4.4.7.6 Coating

A coating may be used to provide insulation, to protect a surface against pollution, and to
allow a reduction in creepage and clearance distances (see 4.4.7.8.4.2 and 4.4.7.8.6).

4.4.7.7 PWB spacings for functional insulation ~\§

Spadings for functional insulation shall comply with the requirement of 4.4.7.4,@Qd 4.4.1.5.

Q

Decrgpased spacings on PWB are permitted when all the following are satisﬁ{é :

4
- the PWB has flammability rating of V-0 (see IEC 60695-11-10); Qb‘g
- tihe PWB base material has a minimum CTI of 100; (1/
- the equipment complies with the PWB short circuit test (see(52.4.7).
Decrpased spacing for components mounted on PWB o(g\}écreased spacing on PWRH are
permlitted when all the following are satisfied: <<
- [lution degree 1 or 2 environment ; and QQ
- npt more than overvoltage category 1. \§\
- I this case the manufacture specificatio\z\@ay be used.

b\

Compliance is checked by inspection and&hy test of 5.2.4.7 if applicable.
4\

xO

4.4.7.81 General .\(\,L~

4.4.7.8 Solid insulation

Matefrials selected for solid %ulation shall be able to withstand the stresses occurring. These
include mechanical, e@\m’cal, thermal, climatic and chemical stresses which are tp be
expefted in normal @ Insulation materials shall also be resistant to ageing during the
expelcted lifetim &f)he UPS.

-

Testg shall ti} erformed on components and sub-assemblies using solid insulation, in prder

to empsure the insulation performance has not been compromised by the design or
manyfacfuning process.

AN
4.4.7.8.2 Material requirements

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

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

The insulating material in contact with live parts higher than DVC As shall comply with:

- the glow-wire test described in 5.2.5.3 at a test temperature of 850 °C; or
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- the glow-wire test described in 5.2.5.3, at a lower test temperature, but not less than 550
°C, depending on the classification of the use of the UPS, according to Table A.1 of
IEC 60695-2-11:2011; or

- the alternative hot wire ignition test of 5.2.5.4.

Thermoplastic insulating materials used in contact with live parts higher than DVC As or used
as part of the enclosure shall comply with the ball pressure test as abnormal heat test
according to IEC 60695-10-2.

Where an insulating material is used in a UPS that incorporates switching contacts, and is
within_12.7 mm of the contacts, it shall comply with the high current arcing ignition test of

5.2.9.2.
o

In cgse the manufacturer of the insulating material provides data to demonstraﬁ&&ﬁnpliance
with the above requirements no further testing is required. N

Q

No fyrther evaluation is required when generic materials are used accordirl‘g:to Table 12.

Q
Table 12 — Generic materials for the direct support of un'ﬁ/&‘ated live parts

(0=
Generic material Minimum thickness C)\ Maximum temperature
mm Q/ °C
S
Any clold-moulded composition No limit ($\\ No limit
Ceramic, porcelain Noy_u‘& - No limit
Dially} phthalate QV 105
Epoxy 0.7 105
Melar‘line AQ\ 0,7 130
N\ -
elamine-phenolic ,
Melarhine-phenoli R 0,7 130
Phenglic X 0,7 150
A

Unfillbd nylon (\\\ 07 105
Unfillpd polycarbonate \l;\'v 0,7 105
Urea formaldehyde r:\\) 0,7 100

Compliance is checked@sihspection and by test of 5.2.3.10 and 5.2.5.3 or 5.2.5.2.

4.4.7.8.3 Thi s{r&et or tape material
4.4.7.8.3.1 OQT%neral

4.4.7.8.3@”% to the use of thin sheet or tape materials in assemblies such as wpund
comg o@u s and bus-bars.

Insulation consisting of thin (less than 0,75 mm) sheet or tape materials is permitted, provided
that it is protected from damage and is not subject to mechanical stress under normal use.

Where more than one layer of insulation is used, there is no requirement for all layers to be of
the same material.
NOTE 1 One layer of insulation tape wound with more than 50 % overlap is considered to constitute two layers.

NOTE 2 Basic, supplementary and double insulation can be applied as a pre-assembled system of thin
materials.

4.4.7.8.3.2 Material thickness equal to or more than 0,2 mm

- Basic or supplementary insulation shall consist of at least one layer of material, which
will meet the requirements of 4.4.7.8.1 and 4.4.7.10.1.
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- Double insulation shall consist of at least two layers of material, each of which will meet
the requirements of 4.4.7.8.1, 4.4.7.10.1, and the partial discharge requirements of
4.4.7.10.2, and both layers together will meet the impulse and a.c. or d.c. voltage
requirements of 4.4.7.10.2.

- Reinforced insulation shall consist of a single layer of material, which will meet the
requirements of 4.4.7.8.1 and 4.4.7.10.2.

NOTE The requirements of this subclause indicate that double insulation can be at least 0,4 mm thick, while
reinforced insulation is permitted to be 0,2 mm thick.

4.4.7.8.3.3 Material thickness less than 0,2 mm

Basif or supplementary insulation shall consist of at least two layers of material, w@w will
meef the requirements of 4.4.7.8.1 and 4.4.7.10.1. Q:\~

Double insulation shall consist of at least three layers of material. Each layerishall meqt the
requirements of 4.4.7.8.1 and 4.4.7.10.1, and any two layers togetherl/%all mee{ the
requirements of 4.4.7.10.2. “.

/

Reinforced insulation consisting of a single layer of material is no}@‘hitted.

©

4.4.7.8.3.4 Compliance C)
Compliance shall be checked by the tests described in 5. 283%0 5.2.3.5.

Whep a component or sub-assembly makes use ghin sheet insulating materials, |it is
permlitted to perform the tests on the component r% r than on the material.

4.4.7.8.4 Printed wiring boards (PWBs) @s\

2\
4.4.7.8.4.1 General $

Insulption between conductor layers in@%uble—sided single-layer PWBs, multi-layer PWB¢ and
metillocore PWBs, shall meet the r@irements of 4.4.7.8.1. Basic, supplementary, doublg and
reinforced insulation shall m he appropriate requirements of 4.4.7.10.1 or 4.4.7.[10.2.
Fundgtional insulation in P hall meet the requirements of 4.4.7.7.

For the inner layers of ti-layer PWBs, the insulation between adjacent tracks on the $ame
layer| shall be treated@ ither:

QD

creepage @ance for pollution degree 1 and a clearance as in air (see Example 00.14);
ofr

- splid iq@ﬁon, in which case it shall meet the requirements of 4.4.7.8.1 and 4.4.7.10

4.4.7.@;’ Use of coating materials

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

Type 1 protection (as defined in IEC 60664-3) improves the microenvironment of the parts
under protection. The clearance and creepage distance of Table 10 and Table 11 for pollution
degree 1 apply under the protection. Between two conductive parts, it is a requirement that
one or both conductive parts, together with all the spacing between them, are covered by the
protection.

Type 2 protection is considered to be similar to solid insulation. Under the protection, the
requirements for solid insulation specified in 4.4.7.8 are applicable, including the coating
material itself, and spacings shall not be less than those specified in Table 1 of IEC 60664-
3:2003. The requirements for clearance and creepage in Table 10 and Table 11 do not apply.
Between two conductive parts, it is a requirement that both conductive parts, together with the
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spacing between them, are covered by the protection so that no airgap exists between the

protective material, the conductive parts and the printed boards.

The coating material used to provide Type 1 and Type 2 protection shall be designed to
withstand the stresses anticipated to occur during the expected lifetime of the UPS. A type
test on representative PWBs shall be conducted according to Clause 5 of IEC 60664-3:2003.
For the cold test (5.7.1 of IEC 60664-3:2003), a temperature of -25 °C shall be used, and for
the rapid change of temperature test (5.7.3 of IEC 60664-3:2003): -25 °C to +125 °C. No

routine test is required.

4.4.7.8.5 Wound components

Varn|sh or enamel insulation of wires shall not be used for basic, supplementary,
reinflorced insulation.

X\

Wound components shall meet the requirements of 4.4.7.8.1 and 4.4.7.10. (19

\;t:le or
¥

\0
The component itself shall pass the requirements given in 4.4.7.8.1 @‘fd 4.4.7.10.2. If the
component has reinforced or double insulation, the a.c. or d.c. v@e test of 5.2.3.4 [shall

be pg¢rformed as a routine test. @(1,

4.4.7.8.6 Potting materials \Q/

A pofting material may be used to provide solid insulatidn or to act as a coating
against pollution. If used as solid insulation for basic

to prptect

It and enhanced protection, it|shall

comply with the requirements of 4.4.7.8.1 and 4.4?. . If used to protect against polljtion,
pply.

the requirements for type 1 protection in 4.4.7.8.43%

4.4.7.9 Connection of parts of solid i ation (cemented joints
p 3\5@ ( j )

The ¢reepage and clearance path in th sence of a cemented joint between two
partg, are determined as follows. A\

- Tlype 1 or type 2 protection s{‘}Qscribed in 4.4.7.8.4.2 apply.

b

cemented joint that is« 6t evaluated as providing protection of type 1 or
leither considered soliz)

]

nvironment arou

DO

e joint. See 5.2.5.7 for test.

As an example, @ xample D.9.

4.4.7.10 Q.Tirements for electrical withstand capability

4.4.7.1&5:) Basic or supplementary insulation
AN

insuliating

type |2, is

nsulation nor to reduce pollution degree. The clearance| and
reepage distances §f~Table 10 and Table 11 apply for the pollution degree of the

Basic or supplementary insulation shall be tested as T0llows:

- Test with impulse withstand voltage according to 5.2.3.2; and
- Test with a.c. or d.c. voltage according to 5.2.3.4.

4.4.7.10.2 Double or reinforced insulation
Double or reinforced insulation shall be tested as follows:

- Test with impulse withstand voltage according to 5.2.3.2; and
- Test with a.c. or d.c. voltage according to 5.2.3.4.

For solid insulation, the partial discharge test according to 5.2.3.5 shall be performed in
addition to the above tests, if the recurring peak working voltage across the insulation is

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


https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

IEC 62040-1:2017 EXV © IEC 2017 - 65—

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

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

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

4.4. T++—insutationregqtirements—above36-kiHz

Whefe voltages across insulation have fundamental frequencies greater than 30 @ﬂurther
cons|derations apply. ,\
N

Anngx F contains requirements for the determination of clearance and c[é@age distances
undefr these circumstances. N
Q/

Compliance of creepage and clearance distances shall be cheekéd by measuremept or
inspgction according to Annex F. @

O

4.4.8 Compatibility with residual current-operated Q\r\%’ctive devices (RCD)

Somg¢ domestic and industrial installations provide 9 as additional protection aglainst
insulption faults, in addition to the basic and fault pr. ion provided by UPS.

NS

An irflsulation fault or direct contact with certain s of UPS circuits can cause failure cyrrent
with p d.c. component to flow in the PE con%c or and thus reduce the ability of an R¢GD of
type| A or AC (see IEC 60755) to prow@e this protection for other equipment in the
instgllation.

%

N
To epsure the intended work of an 6(% provided by the installation UPS shall satisfy ohe of
the fpllowing conditions. X
&

N
Pluggable Type A sir@-phase UPS, shall be designed so that, under normal and|fault
pnditions any resulting d.c. component of the current in the PE conductor doe$ not
xceed the d.c. ¢ withstand requirements in IEC 60755 for RCD of type A.

a)

O 0O >

=

OTE At the tim (ga)/riting, the requirement in IEC 60755 is for type A RCD to be able to tolerate 6 mA pf d.c.
irrent while st@\éintaining their protective functionality.

[¢]

b) Hor UP (@at are Pluggable Type B or intended for permanent connection, d.c. currgnt in
F P nductor is not limited if the information and marking requirements of 6.3.7.4 are

C ied with.
\%
For the design and construction of electrical installations, care should be taken with RCD of

Type B. All the RCD upstream from an RCD of Type B up to the supply transformer shall be of
Type B.

—

Compliance with RCD provided by the installation shall be checked by simulation or
calculation of current in the PE conductor under normal and single fault conditions
according to the guideline provided in Annex H.

See 6.3.7.4 for information and marking requirements.
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9 Capacitor discharge

protection against shock hazard, capacitors within a UPS shall be discharged to a voltage

less than DVC As, or to a residual charge less than 50 uC, after the removal of power from

the

info

Compliance is checked by test of 5.2.3.8.

NOT

NOT

thresHold of perception as recommended by IEC 61140.

4.5

4.5.

4.5,

UPS:
for pluggable UPS type A, the discharge time shall not exceed 1 s or the hazardous live
parts shall be protected against direct contact by at least IPXXB (see 4.4.3.3);

for pluggable UPS type B, the discharge time shall not exceed 5 s or the hazardous live
parts shall be protected against direct contact by at least IPXXB (see 4.4.3.3);

f ’

luggable UPS type A and B and permanently connected UPS, which do not frreqt the
requirements, access shall only be possible by means of a tool or _key and the
rination and marking requirements of 6.5.2 apply.

E|1 This requirement also applies to capacitors used for power factor correctjgh,\filtering, etc.

E|2 Product committees using this document as reference document cap-consider the charge level 0,5 |uC as

Protection against electrical energy hazards

1 Operator access areas

1.1 General

Equipment shall be so designed that therexissho risk of electrical energy hazard in opdrator

acceps areas from accessible circuits by fulfitling requirement of 4.2.

A ri

sk of injury due to an electrical_energy hazard exists if it is likely that two or more|bare

party (one of which may be earthedyY between which a hazardous energy level exists, wjll be

brid

The
fing

with this test finger, a\hazardous energy level shall not exist.

alte

4.5.

ged by a metallic object.

ikelihood of bridging ‘the parts under consideration is determined by means of thq test
er of Figure 1 of IEE$0529:1989, in a straight position. If it is possible to bridge the parts

Barri’Lers, guards,and similar means preventing unintentional contact may be provided gs an

rpative tqTimiting the energy.

1.2 Determination of hazardous electrical energy level

A hazardous electrical energy level is considered to exist if:

and

the voltage is 2 V or more;

power available exceeds 240 VA after 60 s; or

the energy exceeds 20 J.

Compliance shall be checked with the test in 5.2.3.9 or by calculation as follows:

in case of a capacitor the stored energy in the capacitor is at a voltage of 2 V or more, and

the

stored energy calculated from the following equation, exceeds 20 J:
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E =0,5 CU?

where

E is the energy, in joules (J);

C is the capacitance, in farads (F);

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

4.5.2 Service access areas

Capacitors located behind panels that are removable for servicing, installation, or

dlscc nnactionchall nracant N rick Af alantric angrav ha—Zzard fram charaao ctarad an r\ancr\itors
HHe-EHOA-SHa oS R+Ho-HE—B 886t HO+g et ata—H e -eratrgo-Ste+aa—oh—capas

after|disconnection of the UPS.

Capdcitors within a UPS shall be discharged to an energy level less than 20 J,/4s in 4.5.1.2,
within 5 s after the removal of power from the UPS. If this requirement is not/achievable for
functional or other reasons, the information and marking requirements of 6.5(2 dpply.

This requirement does not apply to terminals covered by 4.4.9.
In a $ervice access area, the following requirements apply.

Bare| parts at hazardous voltage shall be located or guarded so that unintentional coptact
with |such parts is unlikely during service operations invalving other parts of the equipment.
Bare|parts at hazardous voltage shall be located or-guarded so that accidental shorting to
party at non-hazardous potentials (for example, by~tools or test probes used by a service
perspn) is unlikely.

Compliance is checked by inspection.

Compliance is checked by inspection ofsfhe equipment and relevant circuit diagrams, taking
into account the possibility of disconneetion with any "ON"/"OFF" switch in either position and
non-pperation of periodic power censuming devices or components within the UPS. If the
capagitor discharge time can .notvbe accurately calculated, the discharge time shall be
meagured.

4.6 | Protection against fire and thermal hazards
4.6.1 Circuits representing a fire hazard
The {ollowing types of circuits are considered a fire hazard:

- cjrcuits_directly connected to the mains;

- cjreujts’/that are not directly connected to the mains but exceed the limits for limited ppwer
spufees in 4.6.5;

- components having unenclosed arcing parts.
4.6.2 Components representing a fire hazard
4.6.2.1 General

The risk of ignition due to high temperature shall be minimized by the appropriate selection
and use of components and by suitable construction.

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


https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

- 68 - IEC 62040-1:2017 EXV © IEC

Where it is not practical to protect components against overheating under fault condition

2017

s, all

materials in contact with such components shall be of flammability class V-1, according to

IEC 60695-11-10, or better.

Compliance with 4.6.2 and 4.6.3 shall be confirmed by inspection of component and ma
data sheets and, where necessary, by test.

4.6.2.2 Components within a circuit representing a fire hazard

Inside fire enclosures, materials for components and other parts and all materials in co

terial

ntact

with such parts shall comply with flammability class V-2 as classified in IEC 60695-11-10 or

flammnability class HF-2 as classified in ISO 9772 or better. Q

In cdse the manufacturer of components provides data to demonstrate comphg\%'wn
requirements no further testing is required. Q

The above requirement does not apply to any of the following: r\‘

cpnditions when tested according to 5.2.4.6;

aterials and components within an enclosure of 0,06 (.Qless consisting tota
etal and having no ventilation openings, or within a se @ nit containing an inert g

- lectronic components, such as integrated circuit ?ckages opto-coupler packages,
erial of flammability class |-1 or

cppacitors and other small parts that are mounted e{e
tter;

iring, cables and connectors insulated WQQQPVC TFE, PTFE, FEP, neopren

lyimide; \

- the following parts, provided that the@é separated from electrical parts (other
ilsulated wires and cables) which_under fault conditions are likely to produ

temperature that could cause ignitien, by at least 13 mm of air or by a solid barri

aterial of flammability class V-1.9pbetter:

obs and the like;

e| tubing for air or any @Jd systems, containers for powders or liquids and foamed p
parts, provided that they are of flammability class HB.

mounting feet, key caps

Battgries shall havee@mmability class HB or better.

4.6.2.3 Cor@ents within a circuit not representing a fire hazard

For com@nts within a circuit not representing a fire hazard 4.6.2 does not apply.

\@Fir

4.6.

o| other small parts WhiChaE:&gd contribute negligible fuel to a fire, including, labels,

h the

lectrical components which do not present a fire hazard ur@% abnormal operating

ly of
bs;

e or

than
ce a
ler of

astic

4.6.3.1 General

Fire enclosures are used to reduce the risk of fire to the environment, independent of the

location where they are installed.

A fire enclosure shall be provided for all UPS unless:

- circuits inside of an enclosure are within the limits of limited power sources in 4.6.5 of

this document ; or
- there is an agreement between the user and the manufacturer; or

- the UPS is intended to be used only in areas without combustible materials and is marked

according to 6.3.5
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4.6.3.2 Flammability of enclosure materials

Materials used for fire enclosures of UPS shall meet the flammability test requirements of
5.2.5.5, except for those portions of the enclosure that enclose only circuits not representing
a fire hazard.

Materials are considered to comply without test if, in the minimum thickness used, the
material is of flammability class 5VA or better, according to IEC 60695-11-20.

Metals, ceramic materials, and glass which is heat-resistant tempered, wired or laminated, are
considered to comply without test.

Matefials for components that fill an opening in a fire enclosure shall: Q:\~
- b of at least V-1 class material and no larger than 100 mm in any d|men3|o& r
- be of at least V-2 class material and either (19

¢| notlarger than 25 mm in any dimension; or , ’

e| not larger than 100 mm in any dimension and located at Ieﬁb‘ 00mm from any part
that is a source of fire hazard; or

- b of at least V-2 class material and there is a barrier or@fwce s) that forms a barrier
npade of a V-0 class material between the part and a sou (@o fire hazard; or

- cpmply with a relevant IEC component standard thaté‘rcludes flammability requirenpents
for components that are intended to form part of, or@l openings in, a fire enclosure.

[

NOTE| Examples of these components are fuse-holders, swﬂcQs pilot lights, connectors and appliance inle

Polynnerlc materials that serve as the outer en&}sure and have surface area greater than 1
m? of a single dimension larger than 2 m, s ave a maximum flame spread index of 100 as
detefmined by ASTM E162 or ANSI/ASTM

N

The manufacturer may provide data f{b\n the fire enclosure material supplier to demongdtrate
compliance with the above require@nts. In this case, no further testing is required.

oF

Compliance shall be checkee)‘lsbc/)visual inspection and, where necessary, by test.

4.6.3.3 Openings i(n)@e’enclosures
4.6.331 General

For gquipme at is intended to be used or installed in more than one orientation as
speclfied i product documentation, the requirements in 4.6.3.3.2 to 4.6.3.3.4 apgly in
each ori@on

Theb IUL{UIICIIIUIItb dalc 111 au'u'ltluu tU ICL{UIICIIIUIItb IUUGIU‘IIIH UpUlllllyb, LLIL} U“Icl bUbtlU 1S Of
this standard.

NOTE For example the sections regarding basic protection with live parts or hazardous moving parts are
additional to the requirements in this section.

4.6.3.3.2 Openings in the top and side of fire enclosures

Openings in the top surfaces of fire enclosures shall be designed to prevent an external
object falling vertically or at up to 5° from vertically from entering the enclosure in an area
that could lead to a fire hazard.

This requirement applies to all sides of moveable equipment with no defined top and bottom,
unless top and bottom surfaces can be suitably demonstrated in the installation instructions.
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The test requirements are found in 5.2.2.2 of this document.

Openings in the top surfaces of fire enclosures not located vertically above or within 5° from
vertical of a circuit representing a fire hazard as defined in 4.6.1 are not subject to the test of
5.2.2.2 and can be of any construction if the construction prevents access to parts greater

than

DVC As with the IP2X probe as detailed in 4.4.3.3.

Where a portion of the side of a fire enclosure falls within the area traced out by the 5° angle
in Figure 6, the limitations in 4.6.3.3.3 regarding openings in bottoms of fire enclosures also
apply to this portion of the side.

Com

4.6.3
The

or as

The

horiz
of of
meta

bliance shall be checked by visual inspection.

.3.3 Openings in the bottom of a fire enclosure

pottom of a fire enclosure or individual barriers shall provide protectio

semblies, located in a circuit representing a fire hazard. b‘Q’

enings, except for those protected by a baffle, scree
| and burning material are unlikely to fall outside the fitg nclosure.

<
&
X\

n’@ainst emi
of flgming or molten material under all internal parts, including partially emﬂ@ ed components

ocation and size of the bottom or barrier shall cover area@n Figure 6 and shgll be
ontal, lipped or otherwise shaped to provide equivalent prgtection. The area shall bqg free
other means so that m

Esion

lolten
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PWB

Combustible component
FET

So

Side openings (electrigal enclosure)

“

IEC 1210/12

NOTE] Figure 6 shows an example of a cutaway side vi&}}of a product containing a PWB with its compg@nents
facing| the bottom of the enclosure. If the PWB corifains components in primary circuitry (e.g. Field |Effect
Trans|stors), it is considered a source of ignition. Q

The bpttom enclosure is considered a fire encl e so openings in it shall be restrictive, e.g. see Table 12.

Besidgs providing protection against electrieal shocks, the side openings (electrical enclosure) located belqw the
5 ° prpjection from the source of ignition previde protection against spread of fire.

Figure 6 We enclosure bottom openings below an
unenclosedg\! partially enclosed fire-hazardous component

.

The following const&@ans are considered to satisfy the requirement without test:

- np opening i@é bottom of a fire enclosure;

- opening Qﬂe bottom of any size under an internal barrier, screen or the like, which |itself
cpmpli ith the requirements for a fire enclosure;

- op s in the bottom, each not larger than 40 mm?, under components and parts

the flammability requirements of HF-1 class as classified in ISO 9772 or under small
components that pass the needle-flame test of IEC 60695-11-5 with the flame applied for
a duration of 30 s;

- baffle plate construction as illustrated in Figure 7;

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

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

Compliance is checked by inspection or with the hot flaming oil test in 5.2.5.6, in case the fire
enclosure is designed differently than as described above.
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Not less Baffle plates (may be above or
than 2X below of fire enclosure)
X
| || | | |
1 | | | |
\ /
Bottom of fire enclosure
IEC 1211/12 A
Figure 7 — Fire enclosure baffle construction Q/
X

Table 13 — Permitted openings in fire enclosure bottomﬂ/Q
\ *

Applicable to circular holes Applicable tg@ﬁe} shaped openings
Megal bottoms Maximum diameter Minimum spacing Maximu %‘{; Minimum spgcing
minimum thickness of holes of holes centre to gl/ of openings bjorder
centre C to borde
3
\ &
mm mm mm mm mm
R%
0,66 1,1 1,7 MR 0,56
0,66 1,2 23 Y 1,2 1.1
%
0,76 1,1 17 Q 1,1 0,55
0,76 1,2 2, Q\\ 1,2 1,1
A
0,81 1,9 \Q@ﬂ 2,9 1,1
0,89 1,9 AV 2,9 1,2
N
0,91 1,6 ‘\\Q 2,7 2,1 1,1
0,91 2,0 y\o 3,1 3,1 1,2
1,0 1,6 c\}. 2,7 2,1 1,1
N
1,0 2@:} 3,0 3,2 1,0

4.6.3.3.4

Doors orﬁﬁrs in fire enclosures

If paft of a fire e Eﬁ)sure consists of a door or a cover leading to an operator access arga, it
shalllcomply wj ne of the following requirements:

- the do&cover shall be provided with a safety interlock; or

- dq%‘br cover, intended to be routinely opened by the user, shall comply with both gf the
folleWing conditions:

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

o 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.

Compliance is checked by inspection.
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4.6.4 Temperature limits
4.6.4.1 Internal parts

Equipment and its component parts shall not attain temperatures in excess of those in
Table 14 when tested in normal mode in accordance with the ratings of the equipment.

Magnetic components shall not attain temperatures in excess of those in Table 103 when
tested in stored energy mode in accordance with the ratings of the equipment.

NOTE Table 103 provides additional temperature limits for infrequent and occasional occurrences.

Table 103 — Maximum temperature limits for magnetic components
during stored energy mode of operation

Temperature by average Temperature by
Insulation class resistance method thermocouple methods
°C °C °C
105 127 A7
120 142 132
130 152 142
155 171 161
180 195 185
200 209 199
220 216 206
250 234 224

Compliance is checked by test of 5.2.3.90.
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Table 14 — Maximum measured total temperatures for internal materials

and components

Thermocouple | Rise of resistance
Materials and components method method
°C °C
1 Rubber- or thermoplastic-insulated conductors ® 75
2 Field wiring terminals and other parts that may contact the b
insulation of field wiring °
3 Copper bus bars and connecting straps ©
4 Tnsulation systems on magnetic components
Class A (105) 90 .\E\
Class E (120) 105 /\Q/HS
Class B (130) 110 <>\ 120
Class F (155) 130 '\"L 140
Class H (180) 1%/ 165
Class N (200) G% 175
Class R (220) @(1/180 190
Class S (240) //(_) 195 205
5 Phenolic composition @ \\V 165
6 On bare resistor material </ O 415
A
7 Capacitor OQ f
: ; N 9
8 Power electronic devices \\\
of Pwss O\V h
"‘ f
10 Components bridging at least basic prote@n
11 Liquid cooling medium N Q,'
@ The limitation on phenolic composition andQ\n rubber and thermoplastic insulation does not apply to comgounds
wh|ch have been investigated and four@ meet the requirements for a higher temperature.
®  Th¢ maximum terminal temperatur uld not exceed the temperature rating of the terminal and the insllation
temperature rating of the cond r cable specified by the manufacturer (see 6.3.6.4).
°  The maximum permitted temperature is determined by the temperature limit of support materials or insuldtion of
comfnecting wires or other_components. A maximum temperature of 140 °C is recommended.
¢ Thé maximum tempe s on insulation of magnetic components assume thermocouples are applied pn the
suffface of coils, andfaré therefore not located on hot-spots. Rise of resistance method results in a measufement
of {he average te rature of the winding.
¢ Thé¢se limits tracted from the group safety standards IEC 61558-1 and IEC 61558-2-16 (safety of [power
trapsforme ower supplies, reactors and similar products). For magnetic components, not covered py the
scdpe o 61558 series, commitees for product standards may define other limits in accordance with
IE & and IEC 60216.
" Fota mponent, the maximum temperature specified by the manufacturer should not be exceeded.

9  The maximum temperature on the case should be the maximum case temperature for the applied power
dissipation specified by the manufacturer of power electronic devices.

The maximum operating temperature of the PWB shall not be exceeded.

The maximum temperature of the cooling medium, specified by the manufacturer of the medium or determined
from the known characteristics of the medium, should not be exceeded.

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

At

T2 (ke + )= (k +12)
r
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where:

At is the temperature rise;

ro is the resistance at the end of the test in ohms;

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

ty is the ambient temperature at the beginning of the test (°C);
t, is the ambient temperature at the end of the test (°C);

k is 234,5 for copper, 225,0 for electrical conductor grade (EC) aluminium; values of the
constant for other conductors shall be determined.

4.6.4|.2 Accessible parts Q

In order to limit the touch temperatures of accessible parts of UPS, and to p&t% against
longdterm degradation of building materials, the maximum temperature for acces\ ble pafts of
the YPS shall be in compliance with Table 15. (-1/

Whep surface temperatures of the UPS, close to mounting surfaces, es‘@ed the limit of Table
15, g warning according to 6.3.5 shall be provided.

It is |[permitted that accessible parts that are required to get as part of their intepded
functjon (for example heatsinks) may have temperatures up\a 00 °C, if the parts are not in
contact with building materials upon installation, and are$q1 rked with the warning givén in
6.4.3.4. For products only for use in a restricted acce sQ rea, the temperature may exceed

100 iC. QQ

Prodpict committees using this standard as a e\@ence document shall consider the steady
statel temperature limits for specific products environmental conditions.
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These limits are in addition to applicable limits in 4.6.4.1.

Table 15 — Maximum measured temperatures for accessible parts of the UPS

Limit
°C
Part Glass,
ar (Coated) metal® porcelain Plastic
and
. and rubber
vitreous
1 2 3 4 material
User gperated devices (knobs, handles, A
switchps, displays, etc.). which are held 55 55 55 60 65 10
continyiously during normal and single fault <, \
condifion (approx. 10 s) A 4
User gperated devices (knobs, handles, Q'\\
sw@ch s, d|sp|ay‘s, etc.). which are held for short 60 70 65 85 ’(iﬁ 0
periodp only, during normal and single fault ,\‘
condifion (approx. 1 s)? N
Accessgible enaclosure parts likely to be touched 65 75 70 le. 80 5
(approx. 1's)
Vad '/
Enclogure parts where they contact building \%0
materipls upon installation (continuously) (/C)

Y
NOTE|1 In Table 15, the values for accessible parts are taken from | C\Guide 117 (burn threshold). For|short-

durati
117 a

NOTE|2 The main figures of IEC Guide117 are reproduced ir\\Qnex J for information.

@n contact with user operated devices the values were reduce t@ °C to allow for some margin. I[EC|Guide
ko provides values for burn thresholds for other coatings or rials.

a

G

P Copating of metal surfaces: BN\

A 0N

:Inone (bare metal) . $
Xz

|lac (50 um)

:|porcelain enamel (160 um) / powqti\% um)

Fof products intented and expected to be operated bﬁ\‘n}\ﬂdren and elderly persons the contact period pf IEC

gyide 117:2010 Clause 6, Table 2 should be consid@d.

4.6.9 Limited powe %rces

as a

:[polyamide 11 or 12 (400 pm),.‘\\o
N\

Whefe a Iimite@&er source is required, the source shall comply with Table 16 or Table 17

.
.

O
pplicabIPCD

Compli rG,e to both the maximum allowed current and maximum apparent power available

from

t ower source is required.

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

a)

b)

the output is inherently limited in compliance with Table 16; or

a linear or non-linear impedance limits the output in compliance with Table 16. If a
positive temperature coefficient device (PTC) is used, it shall pass the tests specified in
IEC 60730-1, Clauses 15, 17, J.15 and J.17; or

a regulating network limits the output in compliance with Table 16, both with and without
a single fault in the regulating network; or

an overcurrent protective device is used and the output is limited in compliance with
Table 17.
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Where an overcurrent protective device is used, it shall be a fuse or a non-adjustable, non-
autoreset, electromechanical device.

A limited power source operated from an a.c. mains supply, or a battery-operated limited
power source that is recharged from an a.c. mains supply while supplying the load, shall
incorporate an isolating transformer.

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

Table 16 — Limits for sources without an overcurrent protective device

Output voltage® Output current * ¢ Apparent pj\o@ cd
UOC ISC %
V a.c. V d.c. A '\ VA
r\(l/
<30V rm.s. <30 Vd.c. <8 Q’ <100
\
- 30< U, <60 <150/ U, r\Q <100
@ U{;: Output voltage measured in accordance with 5.1.5.3 with all load cir u%lgisconnected. Voltages 4re for
supstantially sinusoidal a.c. and ripple-free d.c. For non-sinusoidal a.c. .c. with ripple greater than 19 % of
th¢ peak, the peak voltage shall not exceed 42,4 V. \
° < Maximum output current with any non-capacitive load, |nc|ud|ng@$§hort circuit.
° 5 VA): Maximum output apparent power in VA with any non-@ itive load.
d Mg¢asurement of /. and S are made 5 s after application s( e load if protection is by an electronic circujt or a
positive temperature coefficient device (e.g. PTC), and{i@! in other cases.
N
%
O
Table 17 — Limits for power sz@&es with an overcurrent protective device
R\
Output voltage? \O Output current ®9 | Apparent power ¢ ¢ Current ratinjg of
overcurrent
Use . ('\js~ I S protective deyice ©
Vac. ZoN A VA A
<20 \\s 20 <5,0
\)
2§ <v,<30 | (b<u, <30 <1000/, < 250 < 100/U, |
- w\y 30 < U,_ <60 < 100/U, |
a Ut Outpu e measured in accordance with 5.1.5.3 with all load circuits disconnected. Voltages are|for
s bstan nusoidal a.c. and ripple free d.c. For non-sinusoidal a.c. and for d.c. with ripple greater than
10 % of eak, the peak voltage shall not exceed 42,4 V.
b
1

S
af

}gg%um output current with any non-capacitive load, including a short circuit, measured 60 s after
plicat

ion of the load.

¢ §(VA): Maximum output VA with any non-capacitive load measured 60 s after application of the load.

Current limiting impedances remain in the circuit during measurement, but overcurrent protective devices are

bypassed.

NOTE The reason for making measurements with overcurrent protective devices bypassed is to determine
the amount of energy that is available to cause possible overheating during the operating time of the
overcurrent protective devices.

¢ The current ratings of overcurrent protective devices that break the circuit within 120 s with a current equal to
210 % of the current rating specified in the table.
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4.7 Protection against mechanical hazards
4.7.1 General

Failure of any component within the UPS shall not release sufficient energy to lead to a
hazard, for example, expulsion of material into an area occupied by personnel.

4.7.2 Specific requirements for liquid cooled UPS

4.7.21 General

NOTE__Sealed heat-pipe cooling systems, used to transfer heat from a hot component to a heat sink, are not
considered to be liquid cooling systems in this standard. However, the possible failure of such component ghould

be cofsidered during the circuit analysis of 4.2. ‘

4.7.2.2 Coolant

The ppecified coolant (see 6.2) shall be suitable for the anticipated ambﬁ‘? temperajures
during storage and operation. Coolant temperature in operation shall xceed thellimit
specified in Table 14. D‘Q

The [coolant used in a cooling system shall be a refrigerant m% igated for the purpose,
watef, glycol, a mixture of water and glycol or non flammable s tic oils.

Compliance is checked by inspection and test of 5.2.3.10. &\

NOTE| Flammable coolants used in cooling systems are not cov’Qby this standard.

4.7.2.3 Design requirements N\
N
4.7.2.3.1 General <
)
The liquid containment system componen@ shall be compatible with the liquid to be used
4\

Equipment using liquids shall be gg constructed that it is unlikely that either a danggrous
concgntration of these material \a hazard in the meaning of this standard will be create¢d by
condensation, vaporization, IK ge, spillage or corrosion during normal operation, stofage,
filling or emptying.

Compliance is check@inspecﬁon.

The |flexible ho@’should be made of material free of conductive contaminents sudh as
carbon.

4.7.2.3%/Cﬁrrosion resistance

AII CUUIIIIu \J]\JL\.I'II U\J LAT™J OII
be corrosion resistant and shall no

and/or air.

Lo Haobla fo bl aificad coalont T A, nha”
S E-StHtaore—tor—uSe—wHr—the \JP\J\JIII\.’\A coOoTaT T T Ty o

corrode as a result of prolonged exposure to the coolant

:—o--_

Compliance is checked by inspection.

4.7.2.3.3 Tubing, joints and seals

Cooling system tubing, joints and seals shall be designed to prevent leakage during
excursions of pressure over the life of the equipment. The entire cooling system including
tubing shall satisfy the requirements of the hydrostatic pressure test of 5.2.7.
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4.7.2.3.4 Provision for condensation

Where internal condensation occurs during normal operation or maintenance, measures shall
be taken to prevent degradation of insulation. In those areas where such condensation is
expected, clearance and creepage distances of Table 10 and Table 11 shall be evaluated at
least for a pollution degree 3 environment (see Table 8), and provision shall be made to
prevent accumulation of water (for example by providing a drain).

Compliance is checked by inspection.

4.7.2.3.5 Leakage of coolant

Meagures shall be taken to prevent leakage of coolant onto live parts as a result gf*Agrmal
opergtion, servicing, or loosening or detachment of hoses or other cooling system garts during
the elxpected lifetime. If a pressure relief mechanism is provided, this shall be |gtated sq that
therg shall be no leakage of coolant onto live parts when it is activated.

During a leakage measures has to ensure that coolant will not result in wejiting of live paits or
electfical insulation.

Compliance is checked by inspection.

4.7.2.3.6 Loss of coolant

Loss| of coolant from the cooling system shall not reSdlt in thermal hazards, explosioh, or
shock hazard. The requirements of the loss of coolani\test of 5.2.4.9.4 shall be satisfied.

4.7.2.3.7 Conductivity of coolant

Whep the coolant is intentionally in contact with live parts (for example non-eafthed
heatsginks), the conductivity of the cooladt¥shall be continuously monitored and controllgd, in
ordef to avoid hazardous current flow tRféugh the coolant.

4.7.2.3.8 Insulation requirements’for coolant hoses

When the coolant is inteftignally in contact with live parts (for example non-eafthed
heatsginks), the coolant hoses form a part of the insulation system. Depending on the locption
of the¢ hoses, the requiremients of 4.4.7 for functional or simple or protective separation [shall
be applied where relevant.

4.7.1101 Protection in service access area

Moving parts.that can cause injury to persons during service operations shall be located, or
protgction_shall be provided, such that unintentional contact with the moving parts i$ not
likely.

Compliance is checked by inspection.

4.8 Equipment with multiple sources of supply
4.8.101 General

If equipment is provided with more than one supply connection (for example, with
different voltages or frequencies or as backup power), the design shall be such that all of
the following conditions are met:

- separate means of connection are provided for different circuits;

- supply plug connections, if any, are not interchangeable if a hazard could be created by
incorrect plugging;
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hazards, within the meaning of this document, 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 a supply are considered a normal condition.

Compliance is checked by evaluation in accordance with 4.2.

Information is to be provided with the equipment indicating the presence of multiple sources
of supply and disconnection procedures (see 6.5.5).

NOTE Examples of the types of hazards considered are:

a)
b)
c)

d)

e)

4.8.102 Backfeed protection

frpm the mains to a generator;

Backfeed;

Uhintentional islanding;

Hjgher touch current levels with multiple sources connected simultaneously (if that is a normal’condition for
tHe equipment);

Hpzard resulting from damage to one or more connected sources due to energy from anothensource, sdch as

Dpmage to wiring due to currents higher than the wiring is designed for flowing from anether source.

A URS shall prevent hazardous voltage or hazardous energy from being present on the

UPS|input AC terminals after interruption of the input AC power,

No shock hazard shall exist at AC input terminals when’measured 1 s after de-energizatipn of

AC input for pluggable UPS, or 15 s for permanently«connected UPS.

For pgermanently connected UPS, backfeed protection may be implemented external tp the

UPS|with the use of an AC input line isolation device.

In this case, the backfeed protectionlrequirement applies to the input terminals of the
isolafion device. The UPS supplier shall provide or specify a suitable isolating device which

shallfinclude additional labelling and-instructions in accordance with 6.4.3.101.

Compliance is checked by inspection of the equipment and relevant circuit diagram, and by

simulating fault conditions in_accordance with 5.2.3.101.

When an air gap isremployed for backfeed protection, the provision of Table 10| and

Tabl¢ 11 for creepageand clearance distances applies in addition to the following.

a)

b)

c)

Bubject tosgconfirmation from the manufacturer, the UPS output, in stored energy mode,
may be (considered a transient free circuit of overvoltage category | (for this purpose
identify-the overvoltage category | value in Table 9, by using the appropriate UPS RMS
bystem output voltage). An impulse voltage withstand test is not required since thgre is
notransient overvoltage present when the AC main input supply is not available.
Therefore, the overvoltage category values apply without an impulse test.

The creepage and clearance distances shall meet the requirements for pollution degree 2
(see Table 10 and Table 11).

Reinforced or equivalent insulation of the UPS output to the UPS input applies if during
stored energy mode of operation not all input poles are isolated by the backfeed
protection device. In all other cases, basic insulation is acceptable. Impulse withstand
voltage is not required since there is no impulse when the AC main input supply is not
available. Therefore, the pollution degree values apply without an impulse test.

NOTE 1 A contactor is an example of an isolation device presenting an air gap.
NOTE 2 One method of obtaining insulation equivalent to reinforced insulation is to combine an air gap

meeting the basic insulation requirements and a solid-state power isolation device(s) as described in
5.2.3.101.5.
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Compliance is checked by inspection

4.9

Protection against environmental stresses

The manufacturer has to specify the following service conditions for operation, storage and

tran

NOT

The
Tab

Whefe the UPS complies with the requirements of this~standard only at conditions higher

the

agre¢ment between the supplier and the customeby, The specific conditions shall be iden
in the¢ operating manual and on the product as specified in 6.3.3.

The
deg

of Table 18. The manufacturer may-glect to comply with environmental service condi
morg onerous than 3K2 subject to.the UPS being marked accordingly (see 6.2).

sportation:

coolant temperature (min/max);
ambient temperature (min/max);

humidity (min/max);

plolTution degree;

vjbration;

yV resistance;

QVC (overvoltage category);

gltitude for thermal consideration, if rated for operation above 1 000 mj
a||titude for insulation coordination considerations, if rated for operatienh above 2 000 n

E| Environmental categories as specified in the IEC 60721 series can be usgd where appropriate.

manufacturer shall state the environmental service condjtign for the UPS accordi
¢ 18.

nminimum values or lower than the maximum valdes-given in Table 18, then this shall §

UPS, as a minimum, shall comply withthe following indoor conditions: climatic, poll

g to

than
e by
tified

ution

ree, and humidity condition of the skin as part of the environmental service condition 3K2

itions
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Table 18 — Environmental service conditions

Condition Indoor conditioned Indoor unconditioned Outdoor unconditioned
IEC 60721-3-3 IEC 60721-3-3 IEC 60721-3-4
Climatic class 3K2 class 3K3 class 4K6
(Temperature: +15 °C to (Temperature: +5 °C to (Temperature: -20 °C to 55 °C)
30 °C) 40 °C)

umidity: to o R.H.
(Humidity: 10 to 75 % R.H

umidity: 5 to o R.H.
(Humidity: 5 to 85 % R.H. /

(Humidity: 4 to100 % R.H. /
condensing)

non-condensing) non-condensing)

Pollution degree 2 3° 4°
Humidit dry waterwet® salt water
conditiop of the
skin Q/
Chemicdlly class 3C1 class 3C1 cll\¥ 4C2
active (No salt mist) (No salt mist) @It mist)?
substanges (1,
Mechanically class 3S1 class 381 Q,\ class 4S2
active B .
substantes (No requirement) (No requirement) ’&\b‘ (Dust and sand)
Mechanilcal class 3M1 class 3M1 Q‘Dl/' class 4M1
(Vibration: 1 m/s?) (Vibration: 1 m/s*) () (Vibration: 1 m/s?
Biologichl class 3B1 class 3B1 {(/ class 4B2

(No requirement) (No requireme, (Mould/fungus/rodents/tq

rmites)

may
docu

®  Pollu

¢ Pollu
and t

Where it is ensured that the equipment will not be used in wate <(et or salt water wet condition, the man
choose to rate the equipment for a less severe conditiQOn this case the rating shall be indicatd

mentation, according to 6.3.3.
ion degree 2 may be provided if the conditions in 4.

@ are satisfied

ion degree 2 or 3 may be provided if the enclos rovides sufficient protection against conductive

ufacturer
d in the

pollution

Com

4.10

The

the scope of this docu

4.11
4.11

I

he conditions in 4.4.7.1.2 are satisfied

%
bliance is checked by test of 5. Z’é\

xO
Protection against so%iq\,%ressure hazards

fequirements for protegg%n against sonic pressure hazards are considered to be be

Wiring an@:. nections

oo

Wiri %nd connections between parts of the equipment and within each part shd

because such requirements are dependent on local regulationfs.

yond

The Il be
prote rom mechanical damage during installation. The insulation, conductors and rojuting
of aI ‘ Hres—oithe—eguipment—shalbesuliableforthe—elosiHeal—mechanical—thermal and

enwronmental conditions of use. Conductors which are able to contact each other shall be

provi

ded with insulation rated for the DVC requirements of the relevant circuits.

The compliance with 4.11.2 to 4.11.8 shall be checked by inspection (see 5.2.1) of the overall

cons

4.11

truction and datasheets if applicable.

.2 Routing

A hole through which insulated wires pass in a sheet metal wall within the enclosure of the
equipment shall be provided with a smooth, well-rounded bushing or grommet or shall have
smooth, well-rounded surfaces upon which the wires bear to reduce the risk of abrasion of the

insul

ation.
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Wires shall be routed away from sharp edges, screw threads, burrs, fins, moving parts,
drawers, and similar parts, which abrade the wire insulation. The minimum bend radius
specified by the wire manufacturer shall not be violated.

Clamps and guides, either metallic or non-metallic, used for routing stationary internal wiring
shall be provided with smooth, well-rounded edges. The clamping action and bearing surface
shall be such that abrasion, or deformation of the insulation does not occur. If a metal clamp
is used for conductors having thermoplastic insulation less than 0,8 mm thick, non-conducting
mechanical protection shall be provided.

4.11.3 _Colour coding

Insulpted conductors, other than those which are integral to ribbon cable or muIti-cm{ﬁgignal
cablg, identified by the colour green with or without one or more yellow stripes s only be
used|for protective equipotential bonding. N

ie.(Lt)vered by national

N
o

4.11J4 Splices and connections (19

NOTE| The choice of green or green/yellow for the protective equipotential bonding
reguldtions.

All dplices and connections shall be mechanically secur%;nd shall provide electrical

contipuity.
5\\

Elecfrical connections shall be soldered, welded, crim 4(1 or otherwise securely connect¢d. A
soldgred joint, other than a component on a PWB, s@additionally be mechanically secyred.

NOTE| Stranded wire should not be consolidated with scﬂ@ where secured in a terminal that relies on prgssure
for coptact or equivalent (%

&
Whep stranded internal wiring is conne &&% to a wire-binding screw, the construction shall be
such|that loose strands of wire do not\‘?@ﬁtact:

(o]

ther uninsulated live parts n\tj‘gways of the same potential as the wire;

o

le-energized metal partsc)‘\\o

Whep screw terminal cqnnections are used, the resulting connections may require routine
mainfenance (tighteni Appropriate reference shall be made in the maintenance manual

(seel6.5.1). C)

4115 Acce@e connections

In aqg ditiron%: measures given in 4.4.6.4 it shall be ensured that neither insertion errof nor
polarit rsal of connectors can lead to a voltage on an accessible connection higher|than
the m&«hum of DVC As. This applies for example to plug-in sub-assemblies or other plug-in
devices which can be plugged in without the use of a tool or key or which are accessible
without the use of a tool or key. This does not apply to equipment intended to be installed in
restricted access areas.

If relevant, non-interchangeability and protection against polarity reversal of connectors, plugs
and socket outlets shall be confirmed by inspection and trial insertion.

4.11.6 Interconnections between parts of the UPS

In addition to complying with the requirements given in 4.11.1 to 4.11.5, the means provided
for the interconnection between parts of the UPS shall comply with the following requirements
or those of 4.11.7.
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Cable assemblies and flexible cords provided for interconnection between sections of
equipment or between units of a system shall be suitable for the service or use involved.
Cables shall be protected from physical damage as they leave the enclosure and shall be
provided with mechanical strain relief.

Misalignment of male and female connectors, insertion of a multipin male connector in a
female connector other than the one intended to receive it, and other manipulations of parts
which are accessible to the operator shall not result in mechanical damage or a risk of
thermal hazards, electric shock, or injury to persons.

When_external _interconnecting cables terminate in a plug which mates with a receptacle on
the ¢xternal surface of an enclosure, no risk of electric shock shall exist at accegsible
contacts of either the plug or receptacle when disconnected. Q:\~

NOTE| An interlock circuit in the cable to de-energize the accessible contacts whenever an epq f the cdble is
discornnected meets the intent of these requirements. (19

.

4.11J)7 Supply connections b&Q,

The gonnection points provided shall be of appropriate constructio preclude the possj|bility
of lopse strands reducing the spacing between conductors wher@ reful attention is pdid to

installation. O
Instajiation s\\@

See $.3.6.4 for marking requirement and documentation, O

Q<<
4.11)8 Terminals Q

N\
4.11)8.1 Construction requirements \&
<

All plarts of terminals which maintain con@ct and carry current shall be of metal having
adequate mechanical strength.

¥
Ternjinal connections shall be such that the conductors can be connected by means of
screys, springs or other equi(fi t means so as to ensure that the necessary contact
presgure is maintained. ‘\\C)

.

Ternlinals shall be so nstructed that the conductors can be clamped between suitable
surfgces without any E’ﬁ%cant damage either to conductors or terminals.

manmer detri al to the operation of equipment and the insulation shall not be reduced

Ternfinals sf@’allow the conductors to be displaced or be displaced themselves|in a
beloy theg values.

The gﬁ@rements of this subclause are met by using terminals complying with IEC 6094Y-7-1

aValW e Bl 2N aY -
or |IEE66947+72=s appropriate:

4.11.8.2 Connecting capacity
Terminals shall be provided which accommodate the conductors specified in the installation

and maintenance manuals (see 6.3.6.4) and cables in accordance with the wiring rules
applicable at the installation. The terminals shall meet the temperature rise test of 5.2.3.10.

Information regarding the permitted wire sizes shall be given in the installation manual.

Standard values of cross-section of round copper conductors are shown in Annex G, which
also gives the approximate relationship between ISO metric and AWG/MCM sizes.
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The UPS manufacturer shall indicate whether the terminals are suitable for connection of
copper or aluminium conductors, or both. The terminals shall be such that the external
conductors may be connected by a means (screws, connectors, etc.) which ensures that the
necessary contact pressure corresponding to the current rating, the short-circuit strength of

the a

pparatus and the circuit are maintained.

In the absence of a special agreement between the UPS manufacturer and the purchaser,
terminals shall be capable of accommodating copper conductors from the smallest to the
largest cross-sectional areas corresponding to the appropriate rated current (see Annex AA).

Com

pliance is checked by inspection, by measurement and by fitting at least the smalles

t and

large
4.11)

Term

Sets
shall
any.

st cross-sectional areas of the appropriate range in Annex AA.

8.3 Connection

of terminals for connection to the same input or output shall be @rouped togethet
be located in proximity to each other and to the main protectivé earthing termir]
If the installation instructions provide detail on the proper garthing of the system

proté¢ctive earthing terminal need not be placed in proximity to the/terminals.

Clam
the t

4.11

The

ping screws and nuts shall not serve to fix any other @omponent although they may,
erminals in place or prevent them from turning.

8.4 Wire bending space for wires 10 mm?2 dud greater

listance between a terminal for connection*{o’ the main supply, or between major pa

the WPS (for example a transformer), and.af?obstruction toward which the wire is dir

upon
spac

leaving the terminal shall be at least, that specified in Table 19.Table 19 — Wire be
b from terminals to enclosure.

inals for connection to external conductors shall be readily accessible dukihg installation.

and
al, if
, the

hold

ts of
cted
ding
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Table 19 — Wire bending space from terminals to enclosure

Size of wire Minimum bending space, terminal to enclosure
mm? mm
Wires per terminal
1 2 3
10 to 16 40
25 50
35 65
56 25 25 +80
70 150 150 190
95 180 180 208
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
4.11/101 Non-detachable cords
4.11101.1 Cord guard
A cqrd guard shall be provided at the c¢ord inlet opening of equipment that has a| non
detag¢hable cord and is intended to be-moved while in operation. Alternatively, the inlet or
bushjng shall be provided with a smoothly rounded bell-mouthed opening having a radius of

curvature equal to at least 150 % of the overall diameter of the cord with the largest cfoss-

- so designed astto protect the cord against excessive bending where it enterg the
uipment,

- of insulating.material,

- fixed jnva reliable manner, and project outside the equipment beyond the inlet opéning
for a distance of at least five times the overall diameter or, for flat cords, at leasi five

ief

For equipment with a non-detachable 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-detachable cords containing a protective earthing conductor, the construction shall
be such that, if the cord should slip its anchorage, placing a strain on conductors, the
protective earthing conductor shall be the last to take the strain.
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The cord anchorage shall either be made of insulating material or have a lining of insulating
material complying with the requirements for supplementary insulation. However, where the
cord anchorage is a bushing that includes the electrical connection to the screen of a
screened cord, this requirement shall not apply.

The construction of the cord anchorage shall be such that:

e cord replacement does not impair the safety of the equipment,
o for replacement cords, it is clear how relief from strain is to be obtained,

e the cord is not clamped by a screw that bears directly on the cord, unless the cord
dancnorage, mciuding tne screw, IS Mmade Or Insulating material and the screw is of
comparable size to the diameter of the cord being clamped,

| methods such as tying the cord into a knot or tying the cord with string are_not {sed,
and

¢| the cord cannot rotate in relation to the body of the equipment to such’an extent that
mechanical strain is imposed on the electrical connections.

Compliance is checked by inspection and by applying the followingtests that are made| with
the type of cord supplied with the equipment.

The gord is subjected to a steady pull of the following value, @pplied in the most unfavourable
direction:

a) 30 N for UPS of mass up and to including 1 kg;
b) 60 N for UPS over 1 kg and including 4 kg;

c) 100 N for UPS over 4 kg.

The test is conducted 25 times, each time for-duration of 1 s. During the tests, the cord|shall
not pe damaged. This is checked by wisual inspection, and by AC or DC voltage| test

(dielgctric strength test) between the eord conductors and accessible conductive parts, gt the
test Yoltage appropriate for reinforced‘insulation.

After|the tests, the cord shall. mot have been longitudinally displaced by more than 2 mm nor
shalllthere be appreciable strain at the connections, and clearances and creepage distdnces
shalllnot be reduced below the values specified in 4.4.7.4. and 4.4.7.5.

4.12| Enclosures
4.121 Genefal

The following-requirements are in addition to enclosure requirements given in other sedtions
relating t0 specific hazards, for example electric shock hazard in 4.4 and fire hazard in 4.6.

Enclosures shall be suitable for use In their iniended environments. 1he manuiacturer shall
specify the intended environment (see 6.3.3) and the IP rating of the enclosure (see 5.2.2.3
for test).

Equipment shall have adequate mechanical strength and shall be so constructed that no
hazard occurs when subjected to handling as may be expected.

Mechanical strength tests are not required on an internal barrier, screen or the like, provided
to meet the requirements of 4.6.3, if the enclosure provides mechanical protection.

An enclosure shall be sufficiently complete to contain or deflect parts which, because of
failure or for other reasons, might become loose, separated or thrown from a moving part.
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Compliance shall be checked by the relevant tests of 5.2.2.4 to 5.2.2.7 as specified. If the
enclosure complies with the applicable thickness requirement of 4.12.3 or 4.12.4 the test in
5.2.2.4.2 and 5.2.2.4.3 can be waived.

For open type equipment the tests of 5.2.2.4 to 5.2.2.7 are not required.

4.12.2 Handles and manual controls

Handles, knobs, grips, levers and the like shall be reliably fixed so that they will not work
loose in normal use, if this could result in a hazard. Sealing compounds and the like, other
than self-hardening resins, shall not be used to prevent loosening. If handles, knobs and the
like pre used to indicate the position of switches or similar components, it shall ngt be
poss|ble to fix them in a wrong position if this could result in a hazard. Q/+

Compliance shall be checked by inspection, and as applicable by the tests of 5. E(& 7.

4123 Cast metal (1/

Die-gdast metal, except at threaded holes for conduit, where a mwmt@&G 4 mm thickngss is
required, shall be:

- npt less than 2,0 mm thick for an area larger than 155 cmé/ﬁ)havmg any dimension larger

—

an 150 mm;
- n t less than 1,2 mm thick for an area of 155 cm2 oy I€55 and having no dimension larger
an 150 mm. Qé

The area under evaluation may be bounded by reLQLgmm ribs subdividing a larger area.

Mallgable iron or permanent-mould cast alu ium, brass, bronze, or zinc, except at threpded
holeg for conduit, where a minimum of 6,4 thickness is required, shall be:

|
= Q

It least 2,4 mm thick for an area %&ter than 155 cm?2 or having any dimension more|than
50 mm; O

[t least 1,5 mm thick for aq\.area of 155 cm?2 or less having no dimension more [than
50 mm. C)\\

|
= Q

A sand-cast metal enclgsure shall be a minimum of 3,0 mm thick except at locations for
thregded holes for co@& where a minimum of 6,4 mm is required.

4124 Shee@gl

The [thickne f a sheet-metal enclosure at points to which a wiring system is tp be

conngcte Il be not less than 0,8 mm thick for uncoated steel, 0,9 mm thick for zinc-cgated

steel SQ/ ,2 mm thick for non-ferrous metal.
AN

Enclosure thickness at points other than where a wiring system is to be connected shall be
not less than that specified in Table 20 or Table 21.

With reference to Table 20 or Table 21, a supporting frame is a structure of angle or channel
or folded section of sheet metal, which is attached to and has the same outside dimensions as
the enclosure surface, and which has torsional rigidity to resist the bending moments that are
applied by the enclosure surface when it is deflected. A structure which is as rigid as one
built with a frame of angles or channels has equivalent reinforcing.

Constructions without supporting frame include:

- asingle sheet with single formed flanges — formed edges;
- asingle sheet which is corrugated or ribbed,;


https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

IEC 62040-1:2017 EXV © IEC 2017 -89 —

- a

- a

n enclosure surface loosely attached to a frame, for example, with spring clips; and
n enclosure surface having an unsupported edge.

See Figure 8 for supported and unsupported enclosure surfaces.
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Figure 8 — Supported and unsupportedssh osure parts
O

ach set of surface dimensions, A, B or C, the% is the smaller dimension regar
orientation to other surfaces. In Table 20 a ble 21, there are two sets of dimen
correspond to a single metal thickness a}uirement and the following describeg
cable procedure for determining the mig&\@Jm metal thickness for each surface.

b

For @ supported surface, all of the ta‘b@&imensions, including the “not limited” lengths

to be applied. The rear surface “A\ top and bottom surfaces “C”, are supported eith
ent surfaces of the enclosq@or by a 12,7 mm (1/2 inch) wide flange. To detern
red metal thickness for suRgo ted surfaces, the width is to be measured and comg

enclosure surface is evaluated individually baﬁon the length and width dimensfions.
h

less
sions
the

, are
er by
mine
ared

the

the table value in the imum width column that is equal to or greater tharn
ured width. When th@orresponding length in the maximum length column is

mu gth column is a numerical value, and the measured length
does not exceg?his value, the minimum thickness from the far right column is
When the ured length of the side exceeds the numerical value, the next line i
g§21 is to be used.

an @pported surface, only the table dimensions that include a specific Id
r t are applied. The dimensions with a “not limited” length do not apply. The

edge]

d”, the minimum th'gk’ness in the far right column is to be used. When the correspo%\ding

“not

f the
o be
N the

ngth
front

he left and right surfaces “B”, are not supported by an adjacent surface or

by a

flange. To determine the required metal thickness for unsupported surfaces, the length is to
be measured and compared with the table value in the maximum length column that is not
less than the measured length, ignoring the “not limited” entries. When the corresponding
width in the maximum width column is not less than the measured width, the minimum
thickness from the far right column is to be used. When the measured width of the surface
exceeds the value in the maximum width column, the next line in the Table 20 and Table 21 is

to be

used.
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Table 20 — Thickness of sheet metal for enclosures:
carbon steel or stainless steel

Without supporting frame * With supporting frame * 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 Iimited 310 Not Iimited 0,9
230 290 330 410 ,\S
320 Not limited 500 Not limited <«
350 460 530 640 y\/\
460 Not limited 690 Not limited (19 1,4
510 640 740 910 N
560 Not limited 840 Not limited VQ, 1,5
640 790 890 1090
640 Not limited 990 Not Iin@&/ 1,8
740 910 1 040 280
840 Not limited 1300 &Wimited 2,0
970 1200 1370 P O" 1680
1070 Not limited 1630 <5< Not limited 2,5
1200 1500 1730 Q 2130
1320 Not limited 2 030 s\o\ Not limited 2,8
1520 1880 2130, 2620
1600 Not limited 2460 Not limited 3,0
1 850 2 290 A& 620 3230
Sde 4.12.4. A\“’
Thle width is the smaller dimension of a\Q:tangular piece of sheet metal which is part of an enclosure.
Adjacent surfaces of an enclosure &@able to have supports in common and be made of a single sheet.
Ndt limited applies only when t \ ge of the surface is flanged at least 12,7 mm or fastened to adjacent
suffaces not normally removedtin/use.
SHeet steel for an enclo‘@iﬁtended for outdoor use should be not less than 0,86 mm thick.
O
&
O
3
N
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Table 21 — Thickness of sheet metal for enclosures:

—91-—

aluminium, copper or brass

Without supporting frame * With supporting frame ?* Minimum
thickness
Maximum width, Maximum length, Maximum width, Maximum length,
mm ° mm °© mm ° 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 Iimited 300 Not Iimited 0,9
165 200 380 460 ,\S
200 Not limited 480 Not limited %
240 300 530 640 y\/\
300 Not limited 710 Not limited ‘(19 1,5
350 400 760 950 '\ .
450 Not limited 1100 Not limited b‘ y 2,0
510 640 1150 1400
640 Not limited 1500 Not Iimit@v 2,4
740 1000 1600 2 p60)
940 Not limited 2 200 Mlted 3,0

1100 1350 2 400 EJ\Z 900

1300 Not limited 3100 <3< Not limited 3,9

1500 1900 3 300 N Q 4100

> sde4.12.4. &Q\\

Thle width is the smaller dimension of a rectangular e of sheet metal which is part of an enclosure.
Adjacent surfaces of an enclosure are able to ha upports in common and be made of a single sheet.

° Ndt limited applies only when the edge of the sQ\ace is flanged at least 12,7 mm or fastened to adjacent
suffaces not normally removed in use. ‘\

SHeet aluminium, copper or brass for anenclosure intended for outdoor use should be not less than 0,74

thigk. N

mm

W\
>

4.12)5 Stability tes or.enclosure

Undgr conditions O{é)ﬂal use, units and equipment shall not become physically unstah
the degree that t ould become a hazard to an operator or to a service person.

If un

s are d@%?med to be fixed together on site and not used individually, the stability of
indivldua

is exempt from the requirements of 4.12.5.

le to

each

The t Ql/

llrpmpntq of 4 12 5 are not applicable if the installation instructions for a unit sy

ecify

that the equipment is to be secured to the building structure before operation.

Under conditions of operator use, a stabilizing means, if needed, shall

operation when drawers, doors, etc., are opened.

During operations performed by a service person, the stabilizing means, if needed,

be automatic in

shall

either be automatic in operation, or a marking shall be provided to instruct the service person

to deploy the stabilizing means.

Compliance is checked by test of 5.2.2.5.
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4.101 UPS isolation and disconnect devices
4.101.1 Emergency switching (disconnect) device

A UPS shall be provided with an integral single emergency switching device (or terminals for
the connection of the remote emergency switching device), which prevents further supply to
the load by the UPS in any mode of operation. If reliance is placed on additional
disconnection of supplies in the building wiring installation, the installation instructions shall
so state. The requirement is not mandatory for pluggable UPS if permitted by national
regulations.

NOT ln_some-countries—an-emerasncvswitchina-device-is—called "EPQ" (emergencV-pbower-off)
7 =) 4 T Y I P 7

Compliance is checked by inspection and analysis of relevant circuit diagrams.

4.101.2 Normal disconnect devices

Means shall be provided to disconnect the UPS from the AC and DC supplies for servicg and
testing by skilled person.

Means of isolation and disconnect devices for internal and external DC supplies, for example
a baftery bank, shall open all ungrounded conductors connected-to-the DC supply.

Means of isolation and disconnect devices for external AC supplies shall open all ungroupded
conductors connected to the AC supply.

NOTE| 1 Unless applicable for functional use, the means of\disconnection are generally located either |n the
servige access area or external to the equipment, and specified in the installation instructions. For flurther
guidafpce about selection of disconnect devices, refer to IEC.60947-3:2008, Table 2.

NOTE| 2 Disconnect devices for service and test putposes are generally designed for operation under ng-load,
provided that the critical load can be transferred as“applicable by other means, for example by using a|static
transfer switch.

If opgration of a disconnect device alters the UPS output voltage with respect to the protective
earth potential, then operation of that device shall be alarmed. Alternatively, an approgriate
warnjng label shall be located.adjacent to that disconnect device or to its command.

NOTE| 3 Such a situation arises, upon opening of a 4-pole input isolator that provides neutral reference fo the
UPS.

If the operating meéans of the disconnection device is operated vertically rather than [rota-
tionally or horizontally, the "UP" position of the operating means shall be the "ON" positiop.

Whefe a permanently connected UPS receives power from more than one external soprce,
therq shall be a prominent marking at each disconnect device giving adequate instructiors for
the remoyal of all power from the unit.

4.102 Stored energy source
4.102.1 General

Batteries, when selected as the stored energy source for use with UPS, shall be installed
taking into account the requirements prescribed in 4.102.

Batteries can be installed in:

e separate battery rooms or buildings, or
e separate cabinets or compartments, indoor or outdoor, or

e battery bays or compartments within the UPS enclosure.


https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

IEC 62040-1:2017 EXV © IEC 2017 - 93 -

NOTE Requirements for installation of valve regulated batteries in a separate room, cabinet or compartment are
subject to local regulation.

4.102.2 Accessibility and maintainability

When deemed necessary, access to battery poles and battery connectors shall be provided so
that their fittings can be tested for correct tightening (torque) and be readjusted if required.
Batteries with liquid electrolyte shall be so located that the battery cell caps are accessible for
electrolyte tests and readjustment of electrolyte levels.

Compliance is checked by inspection and application of the tools and measuring equipment
supplied or recommended by the battery manufacturer for the prevailing conditions.

4.102.3 Distance between battery cells
Battgry cells or blocks, as applicable, shall be mounted for the purpose of ecomplying| with

ventijation, battery temperature and insulation requirements in accordance with| the
requirements from the battery manufacturer.

The patteries shall be so located and mounted that the terminals ofcecells are prevented|from
comiphg into undesirable contact with terminals of adjacent cells,.‘or"with metal parts of the
battery compartment, as the result of shifting of the battery.

Compliance is checked by inspection and by analysis of theé-battery manufacturer data-shget.

4.102.4 Case insulation

Cellg in conductive casings shall have adequate insulation between each other and to
cabinjets or compartments. The insulation shalk'meet the AC or DC voltage test (dielgctric
strenlgth test) requirements of 5.2.3.4.

Compliance is checked by test.

4.102.5 Electrolyte spillage

To prevent effects of electrolyte spillage from the battery, adequate protection such gs an
electfolyte-resistive coating on the battery trays and cabinets shall be provided.

This fequirement does_not apply to valve regulated lead-acid batteries.
Compliance is cfhiecked by inspection.

4.102.6 NVentilation and hydrogen concentration

A URS\enclosure or compartment housing a vented battery

e shall comply with the ventilation requirements of Annex CC,

e may contain arc-producing elements such as open fuse links and the contacts of circuit
breakers, relays, switches, disconnectors, switch-disconnectors and fuse-combination
units, only if any such parts are mounted at least 100 mm below the lowest battery vent,
and

e shall not vent into other closed spaces where arc-producing elements are located.
For the purpose of 4.102.6, the following components are not considered arc-producing
elements: connectors, monitoring sensors (such as thermistors) and sand enclosed fuses. For

battery rooms, proper information on the required flow of air shall be provided in the
installation instructions where the battery installation is supplied with the UPS.

Compliance is checked by inspection, calculation or measurement.
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4.102.7 Charging voltages

The UPS shall protect the batteries against excessive voltages, including under a single fault
condition within the charger. Protection may be accomplished by turning off the charger or by
interrupting the charging current.

Compliance is checked by circuit evaluation or test.

4.102.8 Battery circuit protection

4.102.8.1 Overcurrent and earth fault protection

A balttery supply circuit shall be provided with overcurrent and earth fault protection| and
shallfcomply with the requirements described in 4.102.8.

NOTE| Earth-fault in the context of 4.102.8 differs from residual, leakage or touch current, covered in
4.4.8.

4.102.8.2 Location of protective devices

The protective device shall be constructed and positioned so thatcare-producing elements in
this dlevice, if any, are not subject to operation where hazardousdevels of hydrogen mikture
with pir may be present. Where the batteries are installed in a\separate room or cabinet, the
overgurrent protective device shall be located in close proxiniity to the battery in accordance
with the installation regulation applying.

NOTE| Examples of locations where hazardous levels of hydrogen mixture with air can be present include|those
on tog of battery vents and enclosed spaces where hydrogen can be trapped ("air-pockets").

Compliance is checked by inspection.

4.102.8.3 Rating of protective devices

The Jrating of the overcurrent proteetive device shall be such as to avoid hazards dde to
interpal faults of the UPS, and cir€uit analysis shall be carried out for the battery circpit in
accofdance with 4.2.

For g3 UPS to be used with a~Separate battery supply, the rating of the overcurrent protgctive
devige shall be indicated\in the instruction manual and shall take into account the current
ratinjg of the conductors*to be connected between the UPS and battery supply, as well as the
fault fcurrent capability of the battery supply.

Whefe the batiery terminals are not directly grounded, the device shall protect all terminals.

Compliancé is checked by analysis and inspection.

4.103 UPS connection to telecommunication lines

Terminals in the UPS that are intended for connection to telecommunication lines shall comply
with the relevant telecommunication network voltage (TNV) classification. Refer to
Table A.101 for a TNV classification comparison with decisive voltage classification (DVC).

Compliance is checked by analysis.
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5

5.1

5.1

Test requirements

General

A Test objectives and classification

Testing, as defined in this Clause 5, is required to demonstrate that UPS is fully in
accordance with the requirements of this standard. Testing may be waived if permitted by the
relevant requirements subclause of Clause 4.

The subclauses in this Clause 5 describe the procedures to be adopted for the testing of UPS.

The

- spmple tests. ('19
The manufacturer and/or test house shall ensure that the specified maximfum and/or mini
environment (or test) values are imposed, taking tolerances and m rement uncertai

fully [nto account.
&V

5.1

When testing a range or series of similar product N may not be necessary to test all m
in the range. Each test should be performed a model or models having mechanica
electfical characteristics that adequately re%@em the entire range for that particular test

5.1

In gg¢neral, there is no re,qgiﬂ?ement for tests to be performed in a set sequence, nor
required that they are performed on the same sample of equipment. However, the
criteffia for some of th@ sts require that they are followed by one or more further tests.

5.1.

Test requi@)nts shall be determined using the worst-case (most stressful) system ear
allowled e manufacturer. Systems earthing may include:

5.1.

5.1.

WARNING! These tests can result in hazardous situationséditable precautions shd
taken to avoid injury. Os\\

.24  Selection of test samples QQQ

NOTE|] For example, tests on enclosures of t‘h@me material but different sizes can be represented by a
enclopure but tests on power components thQ e different ratings often cannot be represented by testing g
particyilar model.

.3  Sequence of tests _ C\)j“
N\

ests are classified as:

<
type tests; Qj‘
X\

rputine tests;

xO

4 Earthi onditions

mum
nties

Il be

bdels
and

single
n one

is it
pass

thing

nleﬁ/al to earth:

line to earth;
neutral to earth through high impedance;
isolated (not earthed).

5 General conditions for tests

5.1 Application of tests

Unless otherwise stated, upon conclusion of the tests, the equipment need not be operational.
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5.1.5.2 Test samples

Unless otherwise specified, the sample or samples under test shall be representative of the
equipment the user would receive, or shall be the actual equipment ready for shipment to the
user.

As an alternative to carrying out tests on the complete equipment, tests may be conducted
separately on circuits, components or sub-assemblies outside the equipment, provided that
inspection of the equipment and circuit arrangements indicates that the results of such testing
will be representative of the results of testing the assembled equipment. If any such test
indicates a likelihood of non-conformance in the complete equipment, the test shall be
repe@teqa 1T (e equiprmnert.

<

Whefe in this standard compliance of materials, components or sub-assemblies is cke¢d by
inspgction or by testing of properties, it is permitted to confirm compliance by f&viewing any
releviant data or previous test results that are available instead of carrying t@bt'\the spetified
type|tests. See also 4.1 '\

4
5.1.8.3 Operating parameters for tests Qb‘g

Except where specific test conditions are stated elsewhere in tlﬁ'@%tandard and wherg| it is
clear| that there is a significant impact on the results of the tesf, the tests shall be conducted
undefr the most unfavourable combination within the manufa r's operating specificatiohs of
the fpllowing parameters:

& O
- supply voltage; Q

- supply frequency; Q

- perating temperature taking derating and cﬂs\‘&\'ng control characteristic into account;
- hysical location of equipment and posi@g’of movable parts;

- perating mode; @&
- l¢ad conditions; R\
- justments of thermostats, re‘ggating devices or similar controls available to an ordinary
erson: e
N

without the use of a @
with the use of a@ol deliberately provided

For UPS with exter, gDcontroIs intended to be installed in a restricted access area, fhese
controls shall be set:to manufacturer’s settings.

NOTE| In dete g the most unfavourable frequency for the power to energize the equipment undef test,

differdnt rated uencies within the rated frequency range should be taken into account (for example, 50 Hz and

60 HZ) bu@ideration of the tolerance on a rated frequency (for example, 50 Hz + 0,5 Hz) is not nofmally
ry.

necespa
&wmp'nm

5.1.

Compliance with this standard shall be verified by carrying out the appropriate tests specified

in this Clause 5.

Compliance may only be claimed if all relevant tests have been passed.

Compliance with construction requirements and information to be provided by the
manufacturer shall be verified by suitable examination, visual inspection, and/or
measurement.

Whenever design or component changes have potential impact upon compliance, new type
testing shall be performed to confirm compliance. It is desirable that the modified product
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should be identified, for example by using a suitable date code or serial number as described

in 6.2.

5.1.7 Test overview

Table 22 provides an overview of the type, routine and sample testing.

5.1.7.101 UPS test overview
Table 22 — Test overview
Test Type | Routine | Sample Requirement(s) Specification(s)
IEC 62040-1 | IEC 62477-1 | IEC 62040-1 | JEC|624{77-1
Visual inspection X X 5.2.
MecHanical tests
Clearance and X 4.4.71, 5.2.2{1
creefage distances 4.4.7.5
test
Non-gccessibility X 4.4.3.3 4.51.1 5.2.2{2
test, |ncluding energy
hazagd test after
discopnection
Ingreps protection X 4121 5.2.2|3
test (JP rating)
Enclgsure integrity X 4.121 5.2.214
test
Deflegtion test X 4.12.1 5.2.2.4.2
Steady force test, 4121 5.2.2.412.2
30N
Steady force test, X 4,121 5.2.2.4]12.3
250 N
Impagt test X 4.12.1 5.2.2.4.3
Drop |test X 4.12.1 5.2.2.4.4
Stresp relief test X 4.12.1 5.2.2.4.5
Stability test X 4.12.1 5.2.2|5
Wall pr ceiling X 4.12.1 5.2.2|6
mourfted equipment
test
Rack|mounted X Annex GG 5.2.2.6.102
equigment test
Hand]es and)manual X 4.12.1 5.2.2|7
contrphsécurement
test
Cord guard test X 4.11.101 5.2.2.101
Electrical tests
Impulse voltage test xa.ef X 4.43.2, 5.2.3.2
4,454,
4.4.71,
4.4.7.10.1,
4.4.7.10.2,
4.4.7.8.3
AC or DC voltage Xf Xe 4.4.3.2, 5.2.3.4
test (dielectric 4.4.5.4,
strength test) 4.4.71,
4.4.7.10.1,
4.4.7.10.2,
4.4.7.8.4.2
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Test Type | Routine | Sample Requirement(s) Specification(s)
IEC 62040-1 | IEC 62477-1 | IEC 62040-1 | IEC 62477-1
Partial discharge test | X&f X 4.4.71, 5.2.3.5
4.4.7.10.2,
4.4.7.8.3
Protective impedance X X 4454 5.2.3.6
test
Touch current X 4.4.4.3.3 5.2.3.7
measurement test
Capacitor discharge X 4.4.9 5.2.3.8
test
Limited power X 4.5.1.2, 5.2:3|9
sourde, test including 4.6.5
energy hazards test
Temgerature rise test X 4.6.4 5.2.3.110
Backfeed protection X 4.8.102 5.2,3:101
test
Protelctive X X 44422 5.2.3.11,
equigotential bonding 5.2.4|3
Input|current X 4.3.101 5.2.3.102
Trangformer X 4.3.102 5.2.3.104
proteftion
Storgd energy
sourge tests
Caselinsulation test X X 4.102:4 5.2.314
Ventijation and X 4,402.6 Annex CC
hydrdgen
concgntration
Charging voltages X 4.102.7 Annex CC
Wiring test X 4.11.101 4.1 5.2.3./10
Abndrmal operation
tests
Outptit short-circuit X 4.3.2.3 5.2.4|4
test
Shorg-time withstand X 4.3.103 5.2.3.103
currept
Unsypchronised load X 4.3.105 5.2.3.105
transfer test
Outptit overload-test X 4.3 5.2.4{5
Breakdown_ of X 4.2 5.2.4|6
components test
PWB|shert-circuit X 4.4.7.7 5.2.417
test
Loss of phase test X 4.2 5.2.4.8
Cooling failure tests X 4.2, 5249
4.7.2.3.6
Inoperative blower X 4.2 5.2.4.9.2
test
Clogged filter test X 4.2 5.2.49.3
Loss of coolant test X 4.7.2.3.6 5.24.9.4
Material tests
High current arcing x@ 4.4.7.8.2 5.2.5.2
ignition test
Glow-wire test xa 4.4.7.8.2 5.2.5.3
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Test Type | Routine | Sample Requirement(s) Specification(s)
IEC 62040-1 | IEC 62477-1 | IEC 62040-1 | IEC 62477-1

Hot wire ignition test xa 4.4.7.8.2 5.2.5.4
Flammability test xa 46.3 5.2.5.5
Flaming oil test X 4.6.3.3.3 5.2.5.6
Cemented joints test X 4.4.7.9 5.2.5.7
Environmental tests
Dry heat test xd 4.9 5.2.6.3.1
Dampteattest e 49 59675.2
Hydrpstatic X X 4.7.2.3.3 5.2'7
presgure test

a

—

ype testing of a component is not required when such type testing is performed by the supplier ¢
rglevant component (5.1.5.2).

Spmple testing of a component only applies when required by the relevant component standard or wh
mponent standard does not exist.

c
Spmple testing is not required when such sample testing is performed by the “supplier of the rel
mponent.

c
Cpmpliance with Impulse voltage type test requirements may be‘.satisfied in conjunction
BC 62040-2:2005 immunity type tests (provided that the relevant safety \criteria are observed).

Cpmpliance with dry and damp heat type test requirements, isValso satisfied in conjunction
BC 62040-3:2011 dry and damp heat type tests (provided that thesrelevant safety criteria are observed)

Feconditioning as described in 5.2.3.1, is not required.

[=]
Multiple test are permitted following one single preconditioning“as described in 5.2.3.1.

f the

ere a

pvant

with

with

5.2

5.2

Test specifications

A Visual inspections (type test;8ample test and routine test)

Visual inspections shall be made:

routine tests, to check features such as adequacy of labelling, warnings and
spfety aspects;

as acceptance criteria _of individual type tests, sample tests or routine tests, to verify
the requirements pf\this standard have been met.

Rout|ne inspectiofis .may be part of the production or assembly process.

Befo

with respectto supply voltage, input and output ranges, etc.

5.2

5.2

2—Mechanicat-tests

bther

that

e typetesting, a check shall be made that the UPS delivered for the test is as expgcted

2.1 Clearances and creepage distances test (type test)

It shall be verified by measurement or visual inspection that the clearance and creepage
distances comply with 4.4.7.4 and 4.4.7.5. See Annex D for measurement examples. Where
this verification is impossible to perform, an impulse voltage test (see 5.2.3.2) shall be
performed between the considered circuits.

5.2

.2.2 Non-accessibility test (type test)

This test is intended to show that live parts protected by means of enclosures or barriers in
compliance with 4.4.3.3 are not accessible.
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This test shall be performed as a type test of the enclosure of a UPS as specified in
IEC 60529 for the enclosure classification for protection against access to hazardous parts.

Except for openings preventing vertical access as noted below:

e A test probe for IP2X (12,5 mm @) shall not penetrate the top surface of the enclosure
when probed from the vertical direction £5° only.

Further, for UPS with a height not exceeding 1,8 m, such openings shall not exceed 5 mm in
any direction as per 4.4.3.3.

Compliance is checked by inspection and test as above

5.2.2.3 Ingress protection test (IP rating) (type test)

The flaimed IP rating of the enclosure shall be verified. This test shall be performed|as a
type| test of the enclosure of a UPS as specified in IEC 60529 for(the enclgsure
clasdification.

5.2.24 Enclosure integrity test (type test)
5.2.2.4.1 General

The |ntegrity tests apply to UPS, and also where UPS aresintended for operation withput a
further enclosure in restricted access areas. After complgtion of the integrity test, the|[UPS
shall[pass the tests of 5.2.3.2 and 5.2.3.4 and shall be ifispécted to confirm that:
- np degradation of any safety-relevant componerit/of the UPS has occured;

- hazardous live parts have not become accessible (see 4.4.3.3);

- e¢nclosures show no cracks or openings which could cause a hazard,;

- cl]earances are not less than their ainimum permitted values and other insulatipn is
ndamaged,;

u
- bjarriers have not been damaged-or loosened;
n

o moving parts which could\éause a hazard are exposed.

The |ntegrity tests shall be\performed at the worst case point on representative accegsible
face(s) of the enclosurey

The UPS is not required to be operational after testing and the enclosure may be deformgd to
suchlan extent thatits original IP rating is not maintained.

5.2.24.2 Deflection test (type test)
5.2.2.42.1 General

e test In an

as applicable.
The enclosure shall be held firmly against a rigid support.

The tests are not applied to handles, levers, knobs or to transparent or translucent covers of
indicating or measuring devices, unless parts at hazardous voltage are accessible by means
of the test finger (Figure 2, test probe B of IEC 61032:1997) if the handle, lever, knob or cover
is removed.

During the tests of 5.2.2.4.2.2 and 5.2.2.4.2.3, earthed or unearthed conductive enclosures
shall not reduce clearance and creepage distances required for basic insulation or withstand
the impulse voltage test in 5.2.3.2.


https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

IEC 62040-1:2017 EXV © IEC 2017 - 101 -

5.2.2.4.2.2 Steady force test, 30 N

Parts of an enclosure located in an restricted access area, which are protected by a cover
or door meeting the requirements of 5.2.2.4.2.3, are subjected to a steady force of 30 N £+ 3 N
for a period of 5 s, applied by means of a straight unjointed version of the test finger (Figure

2, test probe B of IEC 61032:1997), to the part on or within the equipment.

5.2.2.4.2.3 Steady force test, 250 N

External enclosures are subjected to a steady force of 250 N + 10 N for a period of
applied in turn to the top, bottom and sides of the enclosure fitted to the equipmen
mea T Taf T

diampter. However, this test is not applied to the bottom of an enclosure of equipme

a majss of more than 18 kg or to surfaces that are mounted to a wall. Q/
For durfaces neither horizontal nor vertical, test shall be performed by tilting Q'?\equipme
a suifable way so that the surface is either horizontal or vertical. .

Q/
5.2.2.4.3 Impact test (type test) Qb‘

Extefnal polymeric surfaces of enclosures, the failure of wlﬁglf would give acceg
hazafdous parts, are tested as follows. Q/C)

N\
A sample consisting of the complete enclosure, or a por ‘\1 thereof representing the la

unreinforced area, is supported in its normal position. olid smooth steel ball, approxim
50 mm in diameter and with a mass of 500 g + , is permitted to fall freely from
throygh a vertical distance (H) of 1,3 m (see Figl{Q ) onto the sample. Vertical surface
exenpt from this test. \\)

In addition, the steel ball is suspended by a’&rd and swung as a pendulum in order to ap
ntal impact, dropping through a veﬁical distance (H) of 1,3 m (see Figure 9) ont
sample. Horizontal surfaces are exem\‘g@rom this test. Alternatively, the sample is rotate
abouft each of its horizontal axes a@t e ball dropped as in the vertical impact test.

The {est is not applied to fIatd@bj;l displays or to the platen glass of equipment.

@el ball
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s to
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Figure 9 — Impact test using a steel ball
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5.2.2.4.4 Drop test

UPS with mass of 18 kg or less is subjected to the following test.

A sample of the complete equipment is subjected to three impacts that result from being
dropped onto a horizontal surface in positions likely to produce the most adverse results.

The horizontal surface shall consist of hardwood at least 13 mm thick, mounted on two layers
of plywood each 19 mm to 20 mm thick, all supported on a concrete or equivalent non-
resilient floor.

The height of the drop shall be 750 mm.
Compliance is verified in accordance with the requirements in 5.2.2.4.1.

5.2.2.4.5 Stress relief test

Enclpsures of moulded or formed thermoplastic materials shall be sd ¢onstructed tha{ any
shrinkage or distortion of the material due to release of internal (sifesses caused by the
moulding or forming operation does not result in the exposure of_hazardous parts or in the
redugtion of creepage distances or clearances below the minimuym required.

Compliance shall be checked by the test procedure descrihed below or by the inspectipn of
the construction and the available data where appropriate.

One |sample consisting of the complete equipment{ or of the complete enclosure toggther
with pny supporting framework, is placed in a cirgulating air oven (according to IEC 602 6-4-
1) atja temperature 10 K higher than the maximum temperature of the enclosure during the
test pf 5.2.3.10, but not less than 70 °C, fof\a period of 7 h, then permitted to cool at foom
temperature.

With|[the concurrence of the manufacturer, it is permitted to increase the above time durgtion.
For lprge equipment where it is imgractical to condition a complete enclosure, it is perntitted
to uge a portion of the enclosure representative of the complete assembly with regafd to
thickpess and shape, includingvany mechanical support members.

5.2.2.5 Stability test

To prove the stabjlity./of the equipment the following tests shall be carried out, where relejant.
EacHh test is carfied out separately. During the tests, reservoirs are to contain the amoynt of
liquig within tRe€ir rated capacity producing the most disadvantageous condition. All cafstors
and |acks,_ifsgsed in normal operation, are placed in their most unfavourable position,| with
whedls afd the like locked or blocked. However, if the castors are intended only to trangport
the Unit¢ and if the installation instructions require jacks to be lowered after installation,|then
the J \.lll\O (Glld II\.It thU UClDtUIO) [} ] uocd ;II thl\) tUDt, thU JGUII\Q Aare H:CIUUd ;II thUII Ost

unfavourable position, consistent with reasonable leveling of the unit.

A unit having a mass of 7 kg or more shall not fall over when tilted to an angle of 10° from its
normal upright position. Doors, drawers, etc., are closed during this test. A unit provided with
multi-positional features shall be tested in the least favourable position permitted by the
construction.

A floor-standing unit having a mass of 25 kg or more shall not fall over when a force equal to
20 % of the weight of the unit, but not more than 250 N, is applied in any direction except
upwards, at a height not exceeding 2 m from the floor. Doors, drawers, etc., which may be
moved for servicing by the operator or by a service person, are placed in their most
unfavourable position, consistent with the installation instructions.
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A floor-standing unit shall not fall over when a constant downward force of 800 N is applied at
the point of maximum moment to any horizontal surface of at least 12,5 cm by at least 20 cm,
at a height up to 1 m from the floor. Doors, drawers, etc., are closed during this test. The
800 N force is applied by means of a suitable test tool having a flat surface of approximately
12,5 cm by 20 cm. The downward force is applied with the complete flat surface of the test
tool in contact with the equipment under test; the test tool need not be in full contact with
uneven surfaces (for example, corrugated or curved surfaces).

5.2.2.6 Wall, ceiling or rack mounted equipment test

5.2.2.6.101 Wall and ceiling mounted equipment test

The tlequipment is mounted in accordance with the manufacturer's instructions. A {ar¢e in
addition to the weight of the equipment is applied downwards through the geometric ¢cenfre of
the gquipment, for 1 min. The additional force shall be equal to three times the weight df the
equipment but not less than 50 N. The equipment and its associated mounting, means [shall
remdin secure during the test.

5.2.2.6.102 Rack mounted equipment test

Reqyirements for rack-mounted equipment are listed in Annex GG
5.2.27 Handles and manual controls securement test

Handles and manual controls shall be tested by manUal test and by trying to remov¢ the
hand|le, knob, grip or lever by applying for 1 min an a%ial force as shown in Table 23.

Table 23 — Pull values for handles.and manual control securement

Axial pull untikely Axial pull likely
N N
Iptented for operation | Fingers 1-hahd 2 hands Fingers 1 hand 2 hands
By
Qperating means of 15 100 200 30 150 300
domponents?@
Qther 20 150 300 50 200 450
4 Handles, knobs, gripsiévers and the like intented to operate components, such as valve controls,
electrical switch.handles etc.

Undgr the teStstabove the handles, knobs, grips levers and the like shall remain fixed tp the
equjment as intended.

5.2.2.101__Cord guard test

The equipment is so placed that the axis of the cord guard, where the cord leaves it, projects
at an angle of 45° when the cord is free from stress. A mass equal to 10 D2 g is then attached
to the free end of the cord, where D is the overall diameter of, or for flat cords, the minor
overall dimension of the cord, in millimeters. If the cord guard is of temperature-sensitive
material, the test is made at 23 °C + 2 °C. Flat cords are bent in the plane of least resistance.
Immediately after the mass has been attached, the radius of curvature of the cord shall
nowhere be less than 1,5 D.

Compliance is checked by inspection, by measurement and, where necessary, by the test
above with the cord as delivered with the equipment.

5.2.3 Electrical tests
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5.2.3.1 General

2017

The electrical tests described in 5.2.3.2 to 5.2.3.5 are applicable to basic, supplementary and
reinforced insulation. Before performing these tests, preconditioning according to 5.2.6.3.1
and 5.2.6.3.2 is required.

When performing electrical and preconditioning tests, the preferred procedure is to test the
entire equipment; however it is acceptable to test the components or sub-assemblies
providing the basic and reinforced insulation. When components or sub-assemblies are
tested, test conditions shall simulate the least favourable conditions occurring inside the
equipment at the place of installation.

5.2.

and
It al

impujse voltage test.

Testq
4.4.7

Testd
and
volta

Toe
the @
type
samg

If it

altitu
reprg
abov,
using

.2 Impulse voltage test (type test and sample test) Q:\*

The |mpulse voltage test is performed with a voltage having a 1,2/50 us wa@form (se
s

.2 of IEC 61180-1:1992) and is intended to simulate overvoltages of a pheric o
covers overvoltages due to switching of equipment. See Table 24 !br’conditions q

X
Q

on clearances smaller than required by 4.4.7.4 and test or@nd insulation requirg
.8 are performed as type tests using appropriate voItagtz/(rym Table 25.

N

on components and devices for protective separ n are performed as a type
b sample test before they are assembled into t@ PS, using the impulse withg
ges listed in column 3 or column 5 of Table 25.QQ

e deui D
sure that surge protective devices (see 4:4:7.2.2, 4.4.7.2.3, 4.4.7.3) are able to re
vervoltage, the values of column 2 or cotgmn 4 in Table 25, are applied to the UPS
test. The measured peak voltage sh@mt exceed the next lower voltage value ¢
column of that table.
.\Q)

is necessary to test a clearance that has been designed according to 4.4.7.4.
des between 2 000 m and 20000 m (using Table A.2 of IEC 60664-1:2007, whi
duced as Table E.1) or .{@ a clearance designed according to 4.4.7.11 for freque
e 30 kHz, the appropriatg

Table 10 in rever&’ .

e 6.1
rigin.
f the

d by

test
tand

duce
as a
f the

1 for
ch is
hcies

test voltage may be determined from the clearance distance,
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Table 24 — Impulse voltage test

Subject

Test conditions

Test reference

IEC 61180-1:1992, 6.1. and 6.2; IEC 60664-1:2007: 6.1.3.3 1

Requirement reference

According to 4.4.3.2, 4.4.5.4 and 4.4.7

Preconditioning

Precondition according to 5.2.3.1

Live parts belonging to the same circuit shall be connected together. Protective
impedances may be disconnected unless required to be tested. Impulse voltage to
be applied: 1) between circuit under test and the surroundings; and 2) between
circuits to be tested. Power is not applied to circuits under test.

Initiall measurement

According to specification of UPS, component, or device.

Test ¢quipment

~
Impulse generator 1,2/50 us with an output impedance not higher than: +
— 2 Qfor surge protective devices; Q/

— 2 Q for testing clearances, solid insulation and con@w ts. A HRigher
impedance, but not more than 500 2, may be chosen, % impulse vgltage

is verified at the object under test. ,\‘ R
7
Measlirement and a) b‘Q b
verifi¢ation . %a . .
Clearances smaller than required by Compon@L nd devices for protedtive
Table 10 separ

Test yoltage

Altitugle correction

Clearances reduced by surge protective

device or by circuit characteristics é& reinforced insulation
$\ i insulati

Solid basic or supplementary

insulation
Three pulses 1,2/5@# each polarity in > 1 s interval,
peak K{ ge (5 %) according to:
Column 2 or column 4 of TakSKé) Column 3 or column 5 of Table 25

<

N
When the test is carriéd out on a clearance at an altitude less than 2 000 m, the] test
voltage shall be in sed according to Table F.5, 6.1.2.2.1.1, of IEC 60664-1:2[007,
which is reprod as Table E.2 in this standard.

The aItitude&@rection factor does not apply to impulse voltage testing on solid
insulatiom{gcording to 6.1.3.3.1 of IEC 60664-1:2007.

The mpulse voltage

sparkover occurs.

protéctive separa(g

passgd.

ﬁ\is successfully passed if no puncture of insulation, flashovdr, or

™

case of components and devices which use solid insulatiop for

ion, a subsequent partial discharge test (see 5.2.3.5) shall alsp be
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Table 25 — Impulse test voltage

Column 1 2 3 4 5
Impulse withstand voltage for insulation Impulse withstand voltage for insulation
between circuits connected to non- between circuits connected to mains
System voltage mains supply and their surroundings supply and their surroundings according
(see 4.4.7.1.6) according to overvoltage category Il to overvoltage category Il
Basic or Reinforced Basic or Reinforced
supplementary supplementary
V \Y \Y \Y \Y
<50 500 800 800 1500
100 800 1500 1500 2 @l
150 1500 2 500 2 500 . & pbo
300 2500 4000 4000 r\\ 6 000
e
600 4000 6 000 6 000 )7 8000
1000 6 000 8000 8000 .| 12 000
NJ
- Interpolation is permitted Interpq#%bn is not permitted
—
NOTE 1 Test voltages for overvoltage categories | and Il can be derived in a s@'ér way from Table 9.
NOTE 2 Test voltages for overvoltage categories Il and IV can be derive@@similar way from Table 9.
O
5.2.3.3 Alternative to impulse voltage test (tpr@Qsl and sample test)
. D .
An ajc. or d.c. voltage test according to 5.2.3.46\ y be used as an alternative method tp the
impulse voltage test of 5.2.3.2. Q
&
For gn a.c. voltage test the peak valuepf‘the a.c. test voltage shall be equal to the impulse
test yoltage of Table 25 and applied f ree cycles of the a.c. test voltage.
xO
For g4 d.c. voltage test the aver value of the d.c. test voltage shall be equal to the impulse
test yoltage of Table 25 and appfied three times for 10 ms in each polarity.
See |EC 60664-1 :2007@ .2.2.2, for further information.
5.2.3.4 AC or&gholtage test (type test and routine test)
5.2.3.4.1 &arpose of test
The [te @ used to verify that the clearances and solid insulation of components| and
asse UPS have adequate dielectric strength to resist temporary overvoltage
condItions.
5.2.3.4.2 Value and type of test voltage

The values of the test voltage for circuits connected to mains supply are determined from
column 2 or 3 of Table 26.

The test voltage from column 2 is used for testing circuits with basic insulation.

Between circuits with protective separation (double or reinforced insulation), the test
voltage of column 3 shall be applied for type tests. For routine tests between circuits with
protective separation the values from column 2 shall be applied to prevent damage to the

solid

insulation by partial discharge.
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The values of column 3 shall apply to UPS with enhanced protection according to 4.4.3.

For circuits connected to non-mains supply the test voltage shall be:

- For type testing circuits with simple separation, and for all routine testing: the
temporary overvoltage (a.c. r.m.s. or d.c.) as determined in 4.4.7.2.3.

- For type testing circuits with protective separation, and between circuits and accessible
surfaces (non-conductive or conductive but not connected to protective earth, protective
class Il according to 4.4.6.3): twice the temporary overvoltage (a.c. r.m.s. or d.c.) as

d

For n
detel

The
cond

etermined in 4.4.7.2.3.
on-mains circuits, where temporary overvoltages are not present, the test voltage
mined from Table 27, based on the working voltage. Q:\_

test is performed between circuits and accessible surfaces of UPS, w{i\:h are
Lctive or which are conductive but not connected to the PE conductor.q/Q

5 are

non-

The Voltage test shall be performed with a sinusoidal voltage at 50 H% 60 Hz. If the dfircuit
contgins capacitors the test may be performed with a d.c. voltage of@ ue equal to the jpeak
valug of the specified a.c. voltage. %(1,
Table 26 — AC or d.c. test voltage for cirr\' connected
directly to mains suppg\
/'
Column 1 2 6‘ 3®
System voltage Voltage for type testing circuits wi@ Voltage for type testing circuits wfth
(sge 4.4.7.1.6) simple separation, and for all roswp protective separation, and betweén
testing g\Q circuits and accessible surfaces (non-
conductive or conductive but ndt
connecte O protective eartn, protective
\QQ ted t tecti th tecti
R class Il according to 4.4.6.3)
a.c.r.m.s.? d.c. a.c. r.m.s. d.c.
.\@
v Y Iy Y Y Y
< 50 1250 %O 1770 2 500 3 540
al
100 1 30Q\C}~ 1840 2600 3680
=N
150 1 1910 2700 3820
300 @4 500 2120 3000 4240
600 (‘\) 1800 2550 3600 5090
1000 N bt 2200 3110 4 400 6 220

Intery

N
AJ
itted.

olation i
O

@ C
A

orres@ng to 1 200 V + system voltage.

used

fd

eSSt
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Table 27 — A.c. or d.c. test voltage for circuits connected to
non-mains supply without temporary overvoltages

Column 1 2° 3?
Working voltage Voltage for type testing circuits with Voltage for type testing circuits with
(recurring peak) simple separation, and for all routine protective separation, and between
(see 4.4.7.1.6.2) testing circuits and accessible surfaces (non-
conductive or conductive but not
connected to protective earth, protective
class Il according to 4.4.6.3)
a.c. r.m.s. d.c a.c. r.m.s. d.c.
\% Vv Vv Vv Vv
<71 [39) 110 100 Z(O
141 160 225 320 ,.\‘Zsb
212 240 340 480 A (</ 680
330 380 530 760 \\ 1100
O
440 500 700 1000 q>) 1400
600 680 960 1400 N 1900
1000 1100 1600 2200 N 3200
1600 1800 2 600 2 990 4200
2300 2 600 3700 . %200 5900
3000 3400 4800 {75400 7700
4600 5200 7 400 &N 8300 11 800
7 600 8 500 12 000 A J 14 000 19 000
b
16 000 18 000 26000 ) 29 000 42 000
23 000 26 000 37 0(@\‘ 42 000 59 000
30 000 34 000 48900 54000 77 000
38 000 43 000 \(@)000 69 000 98 000
50 000 57 000 \\\'\80 000 91 000 130 000
60 000 70 000 :\@\ 99 000 109 000 154 000
Intergolation is permitted. -
xO
NOTIE Test voltages in this table are d upon 80 % of the withstand voltage for the corresponding clearar|ce of
Tablg 10 as provided by Table A. C 60664-1:2007.
@ A Joltage source with a @(t circuit current of at least 0,1 A according to 5.2.2.2 of IEC 61180-1:1992 is|used
foff this test. O
Vi
@V

Routine tes, %‘re performed to verify that clearances have not been reduced during

manyfact
circujts
prot

the

operations. Protective devices designed to reduce impulse voltages on the

nder test (see 4.4.7.2.2 and 4.4.7.2.3), and circuits belonging to monitorirlg or
circuits, not designed to sustain the test overvoltage for the duration of the

test,

shall be disconnected In order t0 avold damage and 10 ensure that the test voltage can be
applied without a false indication of failure.

5.2.3.4.3

Performing the voltage test

The test shall be applied as follows, according to Figure 10:

a) Test (1) between accessible conductive part (connected to earth) and each circuit
sequentially (except DVC As circuits). Test voltage according to Table 26, or Table 27,
column 2, corresponding to voltage of considered circuit under test.

Test (2) between accessible surface (non conductive or conductive but not connected to
earth) and each circuit sequentially (except DVC As circuits). Test voltage according to
Table 26 or Table 27, column 3 (for type test) or column 2 (for routine test),
corresponding to voltage of considered circuit under test.



https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

IEC 62040-1:2017 EXV © IEC 2017 - 109 -

b) Test between each considered circuit sequentially and the other adjacent circuits

c)

connected together. Test voltage according to Table 26 or Table 27, column 2,
corresponding to voltage of considered circuit under test.c

Test between DVC As circuit and each adjacent circuit sequentially. Test voltage
according to Table 26 or Table 27, column 3 (for type test) or column 2 (for routine test),
corresponding to the circuit with the higher voltage. Either the adjacent circuit or the
DVC As circuit may be earthed for this test. It is necessary to test basic insulation
between PELV and SELV circuits, but it is not necessary to test functional insulation
between adjacent PELV or adjacent SELV circuits.

Because PELV / SELV circuits and circuits of DVC C are typically separated from chassis
( N . o . : . inforced

insulation separating low-voltage circuits from high-voltage circuits in a fully-as bled
PS without overstressing the basic insulation. Because of this, it may be n dry to
disassemble the UPS, or it may not be possible to perform type tests rotdctive
insulation at voltages according to column 3 of Table 26 to Table 27. In these casep the
type test of insulation used for protective separation shall be perf d at voltages
cording to column 2 of the appropriate table. ,\
4
N
w
Adjacent circuit Adjacem@uit —
Ca
| )t
| 28
i N
Adjacent circuit Adjacent circuit —
Test g\\§\
Accessible surface voltage %)
2) QO
S
Considered circuit ‘Cansidered circuit Considered e
under test 44" under test __adjacent
circuit under test
xO
6 b Test
voltage
. Test
@ voltage PELV or SELV
DVCA L
C ircuit under test | "~
Exposed cond&&ejan cireutt under fes
NS
a) b) c)
IEC 1214/12

Figure 10 — Voltage test procedures

The tests shall be performed with the doors of the enclosure closed.

When the circuit is electrically connected to accessible conductive parts, the voltage test is
not relevant, and may be omitted.
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To create a continuous circuit for the voltage test on the UPS, terminals, open contacts on
switches and semiconductor devices, etc. shall be bridged where necessary. Before testing,
semiconductor devices and other vulnerable components within a circuit may be disconnected
and/or their terminals bridged to avoid damage occurring to them during the test.

Wherever practicable, individual components forming part of the insulation under test, for
example interference suppression capacitors, should not be disconnected or bridged before
the test. In this case, it is recommended to use the d.c. test voltage according to 5.2.3.4.2.

Where the UPS is covered totally or partly by a non-conductive accessible surface, a
conductive foil to which the test voltage is applied shall be wrapped around this surface for
testing. In this case, the insulation test between a circuit and non-conductive accggsible
surface may be performed as a sample test instead of a routine test. Q/+

Roufine testing of the assembled UPS is not required if: r<\

-

Q
butine testing of all sub-assemblies related to the insulation sys,@‘r}' of the URS is
erformed; and ,

|
= 5

ffcan be demonstrated that final assembly will not compromise tr‘QVhsuIation system;

nd ©

ype testing of the fully-assembled UPS was performed sééssfully.

- QO

Protgective impedances according to 4.4.5.4 shall eith s‘be included in the testing of the
conngction to the protectively separated part of the cirCuit shall be opened before testing. In
the lptter case, the connection shall be carefully r, red after the voltage test in order to
avoid any damage to the insulation. Protective\i eens according to 4.4.4.7 shall remain
conngcted to accessible conductive parts during\ voltage test.

%,
5.2.3.4.4 Duration of the a.c. or d.c.’@ltage test

N

The furation of the test shall be at leagt 60 s for the type test and 1 s for the routine |test.
The test voltage may be applied wjth~increasing and/or decreasing ramp voltage but thg full
voltage shall be maintained for 60°>and 1 s respectively for type and routine tests.

QS
5.2.3.4.5 Verification QD\t\‘le a.c. or d.c. voltage test

The {est is successfu%&s’sed if no electrical breakdown occurs during the test.

5.2.3.5 Part@&%charge test (type test, sample test)

The |partial &harge test shall confirm that the solid insulation (see 4.4.7.8) usqd in
compgonen d sub-assemblies for protective separation of electrical circuits remains
partial-discharge-free within the specified voltage range (see Table 28).

AN
This test shall be performed as a type test and a sample test. It may be omitted for
insulating materials which are not degraded by partial discharge, for example ceramics.

The partial discharge inception and extinction voltage are influenced by climatic factors (e.g.
temperature and moisture), equipment self heating, and manufacturing tolerance. These
influencing variables can be significant under certain conditions and shall therefore be taken
into account during type testing.
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Table 28 — Partial discharge test

Subject

Test conditions

Test reference

6.1.3.5 of IEC 60664-1:2007

Requ

irement reference

4.4.7.8

Preconditioning

Precondition according to 5.2.3.1

Live parts belonging to the same circuit shall be connected together.

It is recommended that the partial discharge test is performed after the impulse

voltage test (see 5.2.3.1) in order that any damage caused by the imp
test is apparent.

ulse voltage

It is advisable that the partial discharge test is performed before inser

tin [
components or devices into the equipment because partial discharge taﬁ i

is
not normally possible when the equipment is assembled.
A
Initial measurement According to specification of component or device. y\\
Test pquipment Calibrated charge measuring device or radio interference me(ﬂ))/ithout weighting
filters. y\' .
- ’
Test fircuit C.1 of IEC 60664-1:2007. D‘Q
Test yoltage The peak value of a.c. 50 Hz or 60 Hz. Q
Test method 6.1.3.5 of IEC 60664-1:2007: F, = 1,2, F,, F3 = &Test procedure 6.1.3.53 of
IEC 60664-1:2007.
Calibfation of test equipment | C.4 of IEC 60664-1:2007. &\Q/
N\
Meaqurement Starting from a voltage below the r e(@artial discharge test voltage Upp °, the
voltage shall be linearly increase 1,875 times Upy and held for a maximum
time of 5 s.
The voltage shall then be i \rly decreased to 1,5 times U (£ 5 %) and hefd for
I a maximum time of 15 s, @g which the partial discharge is measured.
Verification
The test shall be con%'%'ed to have been successfully passed if the partial
discharge is less thah 0 pC during the measurement period
b&Q)
U
]
- | |
1,875 Upp }————— ] —
\\ | |
O o
| |
. | |
@ 1,6 Upp f-———4- S SR - !
O | P |
| | | |
C) | | | |
| | | |
. | | | |
@ I I | I
| | | |
Q~ | | | |
| | | |
O | | | |
| | | |
Qs I L !
\Q/ e <Bs—»l e <55 1
IEC 1215/12

NOTE Partial discharge testing of solid insulation with a d.c. working voltage according to A.6.3 can be omitted

a

The rated partial discharge test voltage Uy is the recurring peak voltage measured across the insulation.

5.2.3.6

Protective impedance test (type test and routine test)

A type test shall be performed to verify that the current through a protective impedance
under normal operating or single-fault conditions does not exceed the values given in 4.4.3.4.
The test shall be performed using the circuit of IEC 60990:1999, Figure 4.

The test circuit of IEC 60990:1999, Figure 4, is reproduced in Annex L.
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NOTE IEC 60990 states that the use of a single network for the measurement of a.c. combined with d.c. has not
been investigated, but no suggestion is made for measurement in such cases.

The value of the protective impedance shall be verified as a routine test.

5.2.3.7 Touch current measurement test (type test)

The touch current shall be measured to determine if the measures of protection need not be
taken (see 4.4.4.3.3). The UPS shall be set up in an insulated state without any connection to
the earth and shall be operated at rated voltage. Under these conditions, the touch current
shall be measured between the means of connection for the PE conductor and the PE
conductor itself with the test circuit of Figure 4 of IEC 60990:1999.

or a UPS to be connected to an earthed neutral system, the neutral of the mains™df the
te¢st site shall be directly connected to the PE conductor.

or a UPS to be connected to an isolated system or impedance system, the_neutral [shall
connected through a resistance of 1 kQ to the PE conductor which shall be conngcted
te each input phase in turn. The highest value will be taken as the definitive result.

or a UPS to be connected to a corner earthed system, the REJconductor shdll be
cpnnected to each input phase in turn. The highest value will Bgytaken as the definitive
result.

or a UPS with a particular system earthing, this system shall operate as intended dpring
the test.

a UPS is intended to be connected to more thap éne system network, each of fhese
different system networks (or the worst-case, if thafcan be determined) shall be us¢d to
ake the touch current measurement.

This jis performed as a type test.

Prodlct standard committees should consjder the applicable effects of potential hazards|as a
result of high frequency touch current, and consider appropriate test requirements.

5.2.3.8 Capacitor discharge test)(type test)

The gapacitor discharge time<as’required by 4.4.3.4 may be verified by a type test and/pr by
calcylation taking into accounf the relevant tolerances.

5.2.3.9 Limited power source test (type test)

When required byy4.6.5, a limited power circuit shall be tested as below, with the equipment
operating undeflnormal operating conditions.

Tabl¢ 17, the device(s) shall be short-circuited.

In C}se the\limited power source requirement depends on overcurrent protective device(s) in
I

With the limited power source in normal operating condition, and with a variable resistive load
being the only load connected to the limited power source, the restive load shall be adjusted
to obtain the maximum apparent power. Further adjustment is made, if necessary, to
maintain the maximum apparent power for the time period indicated in Table 16 or Table 17,
as applicable.

With the limited power source in normal operating condition, and with a variable resistive load
being the only load connected to the limited power source, the restive load shall be adjusted
to obtain the maximum current. Further adjustment is made, if necessary, to maintain the
maximum current for the time period indicated in Table 16 or Table 17, as applicable.

Simulated faults in a regulating network, required according to 4.6.5, c), are applied under the
above maximum measured values.
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The test is passed, if after the test period the maximum available apparent power and
maximum available current do not exceed the limits indicated in Table 16 or Table 17, as
applicable.

5.2.3.10 Temperature rise test (type test)

The test is intended to ensure that parts and accessible surfaces of the UPS do not exceed
the temperature limits specified in 4.6.4 and the manufacturer’s temperature limits of safety-
relevant parts.

Where possible, the UPS shall be tested at worst-case conditions of rated power and UPS
outpdit current, taking derating and cooling control characteristic into account. A

For gquipment where the amount of heating or cooling is designed to be dﬁ‘ dent on

temperature (for example, the equipment contains a fan that has a higher SPee( at a hjgher

temperature), the temperature measurement shall be performed at the w case ampient

templerature condition within the manufacturer's specified operating range.,\"
4

Q
If thip is not possible, it is permitted to simulate the temperature b‘ if the validity of the
simulation can be demonstrated by tests at lower power levels. %(1,

The UPS shall be tested with at least 1,2 m of wire attach@?each field wiring ternfinal.
The yire shall be of the smallest size intended to be conneéted to the UPS as specified bly the
manyfacturer for installation. When there is only provi iow for the connection of bus-bdrs to
the UPS, they shall be of the minimum size intended@ e connected to the UPS as spetified

by thie manufacturer, and they shall be at least 1,2 Qi length.

N
The fest shall be maintained until thermal stabif&gtion has been reached. That is, when three
succgssive readings, taken at intervals of of the previously elapsed duration of thg test

and pot less than 10 min intervals, indj ’:}te no change in temperature, defined as 41 °C
betwgen any of the three successive re@ggs, with respect to the ambient temperature.

Q\
The temperature of an electrical A@J/ation (other than that of windings) is measured on the
surface of the insulation at a p close to the heat source, if a failure of this insulation ¢ould

causp a hazard. If temperatubes of windings are measured by the thermocouple method, the
thermocouple shall be located on the surface of the winding assuming the hottest part dpe to
surrqunding heat emitti@cémponents. See also notes in Table 14.

The pmaximum te Gr)ature attained shall be corrected to the rated ambient temperature qf the

UPS| by addin > difference between the ambient temperature during the test and the
equipment’s mum rated ambient temperature.
No dor %d temperature of the material or component shall exceed the temperatufe in

Table or Table 103 as applicable.

During the test, thermal cutout, overload detection functions and devices shall not operate.

5.2.3.11 Protective equipotential bonding tests (type tests and routine test)
5.2.3.111 General

Each conductive accessible part under consideration shall be tested separately, to determine
if the protective equipotential bonding path for that part is adequate to withstand the test
current that the bonding path may be subjected to under fault conditions.

The circuit under consideration shall be selected from amongst those circuits adjacent to the
accessible part under consideration and separated from it by only basic or functional
insulation.
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All of these selected circuits have to be analyzed regarding prospective short circuit
current and the associated protective element(s):

- If the circuit under consideration exceeds the 5s disconnection time requirement of
IEC 60364-4-41, the protective equipotential bonding impedance test of 5.2.3.11.2 and
the protective equipotential bonding short circuit test of 5.2.3.11.3 have to be
performed.

NOTE 1 Examples for circuits with disconnection times of more than 5 s: non mains circuits where the short
circuit current is limited by internal impedances or current limiters or by the load characteristics like solar
panels.

— If the circuit under consideration meets the 5 s disconnection time requirement of
IEC 60364-4-41, the protective equipotential bonding short circuit test of 5.2.3.11.3 has

td be performed. .\_
OTE 2 Examples for circuits with disconnection times of not exceeding 5 s: mains ci@%whe e the
pFospective short circuit current is limited by the impedance of the main. '\

- If the circuit under consideration meets the disconnection time requirem@b of IEC 6(364-
41:2005, Table 41.1, as applicable, depending on the earthﬁg’ system ofl the
imstallation, no type test is required.

Qb‘
For gluggable equipment type A only the the protective equip%%btial bonding impedance
test ¢f 5.2.3.11.2 have to be performed. C)

The testing shall include an individual test of the protecti \equipotential bonding path for
each| conductive accessible part unless analysis shows’ that the short circuit withgtand
capzj)ility of the path is adequate, or that the results@ ne combination are representatije of

the anticipated results of another combination.

A\

&
5.2.3.11.2 Protective equipotential bon Kg impedance test
5.2.3.11.2.1 Test conditions $\\'Q

Where required by 4.4.4.2.2 and 5.&‘8@11.2.1, the impedance of protective equipotential
bonding means shall be checked,by passing a test current through the bond for a peripd of
time.| The test current is based he rating of the overcurrent protection for the equipment
or pgrt of the equipment unda\sgénsideration, as follows:

ternal to the e ent (for example, in the building wiring, in the mains plug or |[n an

- for pluggable equigment type A, the overcurrent protective device is that proyided
uipment rack);

rating of overcurrent protective device specified in the equipment installation

- for pIugga@quipment type B and permanently connected equipment, the maxijmum
imstructi o be provided external to the equipment;

W an overcurrent protective device is provided as part of the equipment.

- the E@ g of the provided overcurrent device for a circuit or part of the equipment for

Voltages are measured from the protective earthing terminal to all the parts whose
protective equipotential bonding means are being considered. The impedance of the PE
conductor is not included in the measurement. However, if the PE conductor is supplied
with the equipment, it is permitted to include the conductor in the test circuit, but the
measurement of the voltage drop is made only from the main protective earthing terminal to
the accessible part required to be earthed.

On equipment where the protective earth connection to a sub-assembly or to a separate unit
is part of a cable that also supplies power to that sub-assembly or unit, the resistance of the
protective equipotential bonding conductor in that cable is not included in the protective
equipotential bonding impedance measurements for the sub-assembly or separate unit as in
Figure 11. However, this option is only permitted if the cable is protected by a suitably rated
protective device that takes into account the size of the conductor. Otherwise the impedance
of the protective equipotential bonding conductor between the separate units is to be
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included, by measuring to the protective earthing terminal where the power source enters
the first unit in the system, as in Figure 12.

UPS Separate unit

Accessible - Accessible
A part A part

Sub-assembly

Key

-

~N o o b W N

Voltage
meter

Voltage
meter

IEC 1216/12

protective equipotential bonding

PE conductor for the separate unit
PE conductor for the UPS

=lenergy supply from the mains

energy supply from the UPS tQthe separate unit

terminal point of the externahPE conductor

=|terminal point of the PE ‘¢onductor for the separate unit

Figure 11 — Pfotective equipotential bonding impedance test for separate unit
with power fed from the UPS with protection for the power cable
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The
earth
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protective equipotential bonding

protective equipotential bonding for the sufgisassembly
PE conductor for the UPS

energy supply from the mains

energy supply from the UPS to tHelsub-assembly
terminal point of the external-PE~conductor

connection point of the bonding to the sub-assembly (may be more than1)

Figure 12 — Profective equipotential bonding impedance test for sub-assembly
with accessible parts and with power fed from the UPS

test curreni is derived from an a.c or d.c supply source, the output of which i
ed.
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UPS Sub-assembly
Accessible - Accessible
part Sub-assembly ' part
Voltage
meter
<
IEC 1317/12

5 not

below

FQr protection of the person performing the test, the source should have a maximum no-load voltage

the lir

5.2.3

Ty oL 4
S 10T DVCe .

.11.2.2 Test current, duration and acceptance criteria

The test current, duration of the test and acceptance criteria are as follows.
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Table 29 — Test duration for protective equipotential bonding test

Overcurrent protective device rating | Duration of the test
A min
up to 32 2
33t0 63 4
64 to 100 6
101 to 200 8
201 to 460 10

g
3T > O T

—_ —
==

c)

hort circuit current to fulfill the requirements.
bntinuity routine test of 5.2.3.11.4 shall be pe

OT O MW v T N

kceed the expected value. g\\)

Acceptance criteria: \\'QQ

or UPS with an overcurrent protective device rating of 16 A or less, th|sr\tg'f
Mmitted, if an impedance not exceeding 0,1 Q can be demonstrated.

on corresponding t

por UPS with an overcurrent protective device rating q&) re than 460 A, calculatio
mulations according to IEC 60949 shall be used to sh

w the ability of the prospeg

mdy be

s an alternative to Table 29, where the time-current characteristic gfl/the overcyrrent
Fotective device that limits the fault current in the protective e
eans is known because the device is either provided in the eqm nt or fully spe
the installation instructions, the test duration may be based]‘r that specific deyice’s
me-current characteristic. The tests are conducted for a dl.f@

DO % current value on the time-current characteristic.

otential bonding

tified
b the

hs or
ctive

protective equipotential bonding
ed to show that the impedance qf the

Fotective equipotential bonding means d@ g and at the end of the test shall not

The test current is 200 % of the over%g(ent protective device rating and the duration df the
test |s as shown in Table 29. va ltage drop in the protective equipotential bonding

means, during and at the end
Tabl¢ 2 and Table 5 with respe@g'
N

e test, shall not exceed DVC As, as determined
0 the accessible surface of the enclosure.

from

After| the tests, V|sual$pect|on shall show no damage to the protective equipotgntial

bonding means. O

5.2.3.11.3 P@ective equipotential bonding short circuit withstand test (type tes|

it)

As rg¢quired .2.3.11.2.1 the short circuit test in 5.2.4.3 shall be performed to ensurg that

curr

N

prot¢ctiv uipotential bonding has the ability to withstand the prospective short ci
%n t it may be subjected to under fault conditions.

rcuit

The testing shall include an individual test of the protective equipotential bonding path for
each conductive accessible part unless analysis shows that the short circuit withstand
capability of the path is adequate, or that the results of one combination are representative of

the anticipated results of another combination.

5.2.3.11.4 Protective equipotential bonding continuity test (routine test)

The protective equipotential bonding continuity routine test shall be conducted when:

- the continuity of the protective equipotential bonding is achieved by a single means
only (for example a single conductor or a single fastener); or

- the UPS is assembled at the installation location; or

- ifrequired by 5.2.3.11.2.2 c).
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The test current may be any convenient value sufficient to allow measurement or calculation
of the resistance of the protective equipotential bonding means.

NOTE Larger currents used for the continuity test increases the accuracy of the test result, especially with low
impedance values, i.e. larger cross sectional areas and/or lower conductor length. In general 25 A is considered
sufficient for most products.

The expected value of the resistance is the result of calculation or simulation according to
5.2.3.11.2.2 considering the length, the cross sectional area and the material of the related
protective bonding conductor(s).

pected

5.2.3.101 Backfeed protection test (type test)

5.2.3.101.1 General

A URS shall not allow excessive touch currents to be available between any pairs of jnput
supply terminals of the UPS during its stored energy mode of operation. Wherg the
meagured open-circuit voltage does not exceed 30 V RMS (42,4 V peak, 60 V DC), the tpuch
currént measurement need not be taken.

Compliance is checked by tests as described in 5.2.3.101.2,75.2.3.101.3 and 5.2.3.101.5, if
applicable. The single-fault condition shall be determined)by applying a short-circuit a¢ross
any |components where failure could adversely affect the backfeed protection, dr by
discqnnecting such components.

5.2.3.101.2 Test for pluggable UPS

The UPS shall initially operate in normal mode. The AC input terminals or plug(s) shall|then
be disconnected. This shall cause the URS to operate in stored energy mode. When t¢sted
undefr no-load, under full-load and\\under load-induced change of reference pot}ntial
condjtions as described in 5.2.3.1014, the following complying performance shall be verifiied:

a) the current shall not exceed;3,5 mA when measured between any two input termingls or
rts accessible by an ©ordinary person, using the measurement instruments shown in
nnex L;

b) the protection shalloperate within 1 s for pluggable type A and within 5 s for pluggable
ype B UPS of the-disconnection of the input terminals.

—

A sipgle-fault eondition shall then be applied. The test above shall be repeated and the
compliance shall again be verified.

5.2.3.101.3 Test for permanently connected UPS

The UPS shall initially operate in normal mode. The AC input terminals, except for the
protective earth conductor, shall then be disconnected from the AC supply. This shall cause
the UPS to operate in stored energy mode. When tested under no-load and under full-load
conditions, the following complying performance shall be verified.

a) the current shall not exceed 3,5 mA when measured between any two input terminals,
using the measurement instruments shown in Annex L;
b) the protection shall operate within 15 s of the disconnection of the input terminals.

A single-fault condition shall then be applied. The test above shall be repeated and the
compliance shall again be verified.

Where a backfeed protection isolation device is provided externally, compliance shall be
determined by relevant circuit diagram inspection and by demonstrating that the means
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required to operate the external backfeed isolating device is within the UPS manufacturer’s
specifications for such circuit to operate.

5.2.3.101.4 Method to simulate the load-induced change of reference potential for
pluggable UPS

The method detailed in 5.2.3.101.4 is used to create the change of reference potential
required in 5.2.3.101.2. Change of reference potential can be caused by summation of
otherwise complying load-induced earth currents and may arise when a UPS operate in
stored energy mode. This condition is simulated by applying the test circuits of Figures 102
or 103. Figure 103 applies for 3-phase systems and simulates also the effect of asymmetrical
singlp-pitase toads:

NOTE| 1 Some countries require the input neutral to be opened together with the phases either 0 the bdilding
instaljation or in the transmission system. In this case, the UPS voltage potential of neutral inptt is” of cqncern
unlesg it is clearly stated in the installation guide that the UPS is for use with symmetrical 3-phasé.oads only
NOTE|2 5.2.3.101.4 applies to pluggable UPS (see 5.2.3.101.2).

NOTE|/3 C simulates the capacitance of concern. The value of C is fixed as shown in Eigures 102 and 103.

L1
R
L2 UPS
NoO—
I C=22nF
l Cc__ C
PE o ® T
IEC
Figure 102 — Test circuit for load-induced
change of reference potential — Single-phase output
L1 3XR
L2 o——F——F—] UPS < |
L3 o
N <o T  C=22nF
P l
E O
IEC

Figure 103 — Test circuit for load-induced change
of reference potential — Three-phase output

The value of resistive load R shall be equal to that specified as the maximum load at unity
power factor by the manufacturer.

5.2.3.101.5 Solid-state backfeed protection

In addition to 5.2.3.101.2 and 5.2.3.101.3 requirements, when backfeed protection relies on
solid-state power isolation device(s), and if the isolation devices are not redundant, the
components necessary to ensure backfeed protection shall withstand the effects of immunity
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requirements of |EC 62040-2:2005, Clause 7, and of environmental testing in
5.2.6.

5.2.3.102 Input current test

At rated input voltage in accordance with 6.2 a) and with the energy storage device
disconnected (or fully charged), measure the steady state input current of the UPS when
supplying its rated load.

Under the same rated load and input voltage conditions, measure or alternatively extrapolate
the rated input current due to the combined effects resulting from battery recharge current at
rated input voltage(s)

a) Hor UPS with separate bypass input, the bypass rated input current shall be evaluated.

b) Hor UPS with other inputs, the other rated input current shall be evaluated by test.

NOTE| the manufacturer is alerted to the possible influence of input voltage tolerance on the input current|being
drawn

Where the UPS has more than one rated input voltage, the input current is measured at each
rated input voltage.

5.2.3.103 Short-time withstand current test (type test)
5.2.3.103.1 General procedure

The UPS AC input shall be connected to a supply.capable of delivering the prospectiveg test
currgnt in accordance with Table 104. The UPS shall be in the appropriate mode of opergtion
(see| 4.3.103.2) and otherwise operating without load and at rated input voltage| and
frequency. A short-circuit shall then be applied>across the output terminals of the UPS. A[UPS
rated for multiple inputs may be tested at.'any of its rated input voltages, provided| that
applicable interrupting components havesbeen certified or tested to interrupt the prosp¢dctive
test current at the highest rated inputovoltage. Each UPS AC input port shall be t¢sted
indiv|dually.

NOTE|1 The manufacturer can opt to(perform additional tests at other rated voltages and currents.

NOTE| 2 For consideration in a, futdre edition of this document, the making capability of the short-circuit durrent
into te low impedance pathican be verified for safety purposes. Such verification could involve tests or arjalysis
of corhponent documentation.~Examples include a UPS that, in normal mode of operation, does not supply the
outpu{ terminals through-a_low impedance path, but that, upon application of a short-circuit across the putput
termirjals, automatically'transfers into a low impedance path.

NOTE| 3 For corsideration in a future edition of this document it will be evaluated whether tests woyld be
permifted at voltages lower than rated and, subject to the phase current flowing throughout the minimum ddration
listed |in Table 104, whether the manufacturer could then declare the /7, to be the phase current recorded fluring
the tegt.

UPSlihat provide single phase output shall be tested by applying a short-circuit across the
output phase to neutral conductors.

UPS that provide multi-phase output shall be tested by applying a short-circuit across all
output phase conductors. A single test with all phase conductors shorted together is an
acceptable means of conducting the test.

UPS that provide multi-phase and a neutral output shall also be tested by placing a short-
circuit across the neutral conductor and the phase conductor closest to the neutral terminal
when the latter is provided. However, the phase-to-neutral test is not required when the
neutral construction is at least as robust as that of the phase conductors in terms of cross-
sectional area, mechanical support and clearance.

In the case where a UPS AC input port does not have a low impedance path between the
input port and output port, the short-circuit shall be applied by means of a shorting cable or


https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

IEC 62040-1:2017 EXV © IEC 2017 -121 -

busbar of cross sectional area not less than the cross sectional area of the manufacturers
recommended input wiring for one phase conductor. The length and installation of the shorting
cable or busbar shall be selected so as to present negligible impedance.

The UPS shall be in the appropriate modes of operation (see 4.3.101.2) and otherwise
operating without load and at rated input voltage and frequency.

A new UPS sample or a repaired UPS may be used for each short-circuit test.

Exception: It is acceptable to perform the test on an un-energized UPS if it can be shown by

analysisthattestresutswill-not beaffected

NOTE|4 Examples of this exemption include testing of:

almaintenance bypass path, and

alUPS design that requires application of an internal short-circuit.

If the manufacturer declares a rated short-time withstand current higher than shown in

Tabl¢ 104, the declared value applies for test purposes.

The [test setup is considered suitable when the prospective tést“current has been made

availpble for the minimum duration listed in Table 104.

Table 104 — Short-time withstand-current

f a
Rated UPS Prospective test current Initial asymmetric Minimum duration
output current I., (RMS) . . "o | of prospective|test
11 (RMS) P Typical peak (clurr/e;it ;atlo current
A Ab power factor © pk ' “ew (cycles 50/60 Hz)
1000¢4d 0,95
71 <16 1,42 1,5
3000 0,9
14<1<75 6 000 0,7 1,53 1,5
75 1<400 10 000 0,5 1,70 1,5
400 <7< 500 10 000 0,5 1,70 3,0
0,5-0,3 x (I, / 20 - (0,5 I,,/20 + 3150) /
£00 < 1 20 x 0550 kA 500)/2080 2000 or 2,2, 30
whicheyvey is the lower | or 0,2, whichever is the whichever is the ’
higher lower

a

NOTE 1 Depending*on the characteristics of the UPS, the actual values observed during the test cgn be
differpnt from these listed in this table.

NOTE 2 Refer to 6.4.3.102 for conditions applying if the 7. value declared is higher than that specified ip this
table

NOTE3—T e mmimimurm durationm of prospective testturrent tarm be mereased wheT requited by matformatdeviation.

Prospective test current, in the context of this document, shall be understood as prospective short-circuit
current (Icp), see 3.122.

Values compatible with IEC 60947-6-1: 2005/IEC 60947-6-1: 2005/AMD1:2013, Table 4.
Pluggable UPS only.

The typical fault current of public supply networks rated 75 A and below and intended to supply equipment
with a rated current of 16 A or below can be calculated from the reference impedances in
IEC TR 60725:2005: phase conductor 0,24 +j0,15 Q and neutral conductor 0,16 + j0,10 Q. For 230 V/400 V
supplies, this results in typical fault currents of 0,5 kA (230 V) and 0,7 kA (400 V).

From IEC 60947-1:2007, Table 16.
From IEC 60947-6-1: 2005/IEC 60947-6-1:2005/AMD1:2013, 5.3.6.1.
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Where a UPS has an AC input with no low impedance path between the AC input and the AC
output, a short-circuit shall be applied immediately before the point where the input path no
longer presents negligible impedance.

Compliance is checked when, at the conclusion of the test, the following criteria are satisfied.

a) The UPS shall not have emitted flames, molten metal or burning particles, other than, for
example, metal particles normally emitted from a circuit breaker when it clears a fault.

NOTE 5 Further guidance, if applicable, is found in 4.6.
b) There shall have been no arcing from live parts to the UPS chassis or enclosure.

n intact enclosure test fuse as described in Annex EE indicates compliance.

e use of an enclosure test fuse is not applicable for UPS with non conductive chassis
or enclosure (e.g. plastic case).

omponents, for example busbar supports, used for the mounting of live parts shall not
eak away from their initial position.

ny enclosure door shall not open rapidly (so as to cause injury) whén protected only by
ils normal latch.

e) No conductor shall get pulled out of its terminal connector and.there shall be no damage
tp the conductor or conductor insulation.
f) Tlhe UPS shall successfully pass the AC or DC voltage\test (dielectric strength tegt) as

ecified in 5.2.3.4.
.3.103.2 Input port rated conditional short-circuit current

If th¢ manufacturer declares a rated conditional short-circuit current, the prospecttive

If the manufacturer declares a rated conditional short-circuit current rating higher|than
shown in Table 104, the declared valug’shall be used as the prospective short-circuit| test

nt (Icp).

external to the UPS in accordance with the manufacturers' instructions. If internal or external
alterpate short-circuit protective devices are specified by the manufacturer, testing shall be
perfdrmed with each alternate short-circuit protective device.

All 1hort-circuit protective devices shall be installed within the UPS and, if applicable,

NOTE| 1 Multiple manufacturers or part numbers of molded case circuit breakers are examples of alternate $hort-
circuift protective devices.

After| the shart-circuit test current is made available at the UPS input port, the tegst is
cons|dered complete when the minimum duration of the prospective test current listed in

a component failure.

The shorting switch SW or any installed shorting cables or busbars shall remain closed until
the minimum duration of the prospective test current listed in Table 104 has elapsed.

Compliance is checked when, at the completion of the test, the following criteria are satisfied.

a) The UPS shall not have emitted flames, molten metal or burning particles, other than, for
example, metal particles normally emitted from a circuit breaker when it clears a fault.

NOTE 2 Further guidance, if applicable, is found in 4.6.
b) There shall have been no arcing from live parts to the UPS chassis or enclosure.
An intact enclosure test fuse as described in Annex EE indicates compliance.


https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

IEC 62040-1:2017 EXV © IEC 2017 - 123 -

f)

After[testing the UPS is not required to be operational.

5.2.3.103.3 Input port short-time withstand current rating

The use of an enclosure test fuse is not applicable for UPS with non conductive chassis
or enclosure (e.g. plastic case).

Components, for example busbar supports, used for the mounting of live parts shall not
break away from their initial position.

Any enclosure door shall not open rapidly (so as to cause injury) when protected only by
its normal latch.

No conductor shall get pulled out of its terminal connector and there shall be no damage
to the conductor or conductor insulation.

The UPS shall successfully pass the AC or DC voltage test (dielectric strength test) as
specified in 5.2.3.4

If th¢ manufacturer declares a short-time withstand current rating, the prospective ghort-

circujt test current (Icp) shall be determined in accordance with Table 104.

If th¢ manufacturer declares a short-time withstand current rating” higher than shown in

Tabl¢ 104, the declared value shall be used as the prospective short-circuit test current (1

cp)'

The fest is considered complete when the prospective test current has been made available

e minimum duration of the prospective test current’listed in Table 104. Although the

actual current flowing may be different from the prospective short-circuit test current (ICID , the
prospective short-circuit test current shall be the declaréd short-time withstand current rating.

Compliance is checked when, at the completion of the test, the following criteria are satisfied.

a)

b)

c)

f)

he UPS shall not have emitted flames,-molten metal or burning particles, other thap, for
ample, metal particles normally emitted from a circuit breaker when it clears a fault]

TE 1 Further guidance, if applicable, is found in 4.6.
here shall have been no arcing from live parts to the UPS chassis or enclosure;
n intact enclosure test/fuse as described in Annex EE indicates compliance.

e use of an enclosure test fuse is not applicable for UPS with non conductive chassis
ofr enclosure (e.g. plastic case)

omponents, elg.,busbar supports, used for the mounting of live parts shall not break
way from their.initial position;

ny enclosure door shall not open rapidly (so as to cause injury) when protected only by
ils normal-latch;

o.conductor shall get pulled out of its terminal connector and there shall be no damage
tp the conductor or conductor insulation;

The UPS shall successfully pass the AC or DC voltage test (dielectric strength test) as
specified 5.2.3.4.

After testing the UPS is not required to be operational.

5.2.3.103.4 Exemption from testing

Exemption from short-time withstand current testing applies to:

a)
b)

UPS with declared I¢,, and/or I¢c neither of which exceeding 10 kA;

UPS protected by current-limiting devices having a cut-off current not exceeding 17 kA
with the maximum allowable prospective short-circuit current at the terminals of the
incoming circuit of the UPS;
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c) UPS intended to be supplied from transformers whose rated power does not exceed
10 kVA per phase for a rated secondary voltage of not less than 110 V, or 1,6 kVA per
phase for a rated secondary voltage less than 110 V, and whose short-circuit impedance
is not less than 4 %;

d) UPS variants of a reference design UPS tested compliant with the test requirements
prescribed in 5.2.3.103.1.

For guidance on how to determine when a UPS is a variant of a reference design UPS, refer

to |IE

C 61439-1:2011, 10.11.3 and Table 13, or 10.11.4.

NOTE The exemption conditions above align this document with IEC 61439-1:2011, 10.11.2.

Com

5.2.3.104 Transformer protection test

Tran

The {ollowing conditions apply:

If th
cond

complete equipment. Transformers for switch mode power supply units are tested ir
complete power supply unit or in the complete equipment. (Tiest loads are applied to the o
of the power supply unit. A linear transformer or a‘ferro-resonant transformer has

seco
spec
supp

NOTE| For examples of loading to give the maximumcheating effect, see Annex FF.

bliance is checked by satisfying at least one of the exemption conditions.

sformers shall be tested in the UPS for overload, and abnormal tests.

jtions shall include any protective device that wouldprotect the transformer in

hdary winding loaded in turn, with any other secendaries loaded between zero and
fied maxima to result in the maximum heating_effect. The output of a switch mode p
y unit is loaded to result in the maximum heating effect in the transformer.

Table 105 — Temperature limits for transformer windings

b tests in 5.2.3.104 are conducted under simulated conditions on the bench, tfhese

the
the
utput
each
their
ower

Maximum temperature°C

Thermal class®®

Methdd of protection 105 120 130 155 180 200 220 250
(A) (E) (B) (F) (H) (N) (R) )

Protegtion by inherent of external impedance | 150 165 175 200 225 245 265 295

Protedtion by protective device that operates | 200 215 225 250 275 295 315 345

during the firs{\hotr

Protegtion by any protective device:

— maximum after first hour 175 190 200 225 250 270 290 320

— arithmetic average during the 2" hour| 150 165 175 200 225 245 265 295

an

d during the 72" hour

@)The designations A to R, formely assigned in IEC 60085 to thermal classes 105 to 220, are given in parentheses.

The test is limited to transformers that bridge basic, supplementary or reinforced insulation;
or that provide power external to the product.

The text in 5.2.3.104 referencing transformer also applies to magnetic components in general.
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Compliance is verified when the maximum temperature of the transformer does not ex
the values in Table 105 and determined as specified below:

ceed

- with external overcurrent protection: at the moment of operation, for determination of the
time until the overcurrent protection operates, it is permitted to refer to a data sheet of the

overcurrent protective device showing the trip time versus the current characteristics;
- with an automatic reset thermal cut-out and after a test duration of 400 h.

- with a manual reset thermal cut-out: at the moment of operation or after temperature has

stabilized;
- for current-limiting transformers: after temperature has stabilized.

5.2.3.105 Unsynchronised load transfer test
5.2.3.105.1 General

The unsynchronised load transfer requirement specified in 4.3.105 shall be simulated wit
UPS| operating in normal mode and in stored energy mode while supplying its
reference load.

The test in normal mode is waived for UPS wherein the load is-hormally supplied fron
bypaks source, for example for stand-by topology UPS.

n the
rated

h the

The bypass source shall be set to its most unfavorable levéel of rated voltage if this creafes a

morg onerous condition.

5.2.3.105.2 Phase displacement

The bypass source is to be displaced 120 electrical degrees with respect to the normal p
rotatjon for a 3-phase supply or 180 electrical degrees for a single phase supply. The

hase
solid

state] or manual switch is to be subjected™o one operation of switching the load from the

outpuit of the UPS to the bypass source,

Compliance is determined by 5.2.4.2)

5.2 Abnormal operation-and simulated faults tests
5.2.4.1 General

Protgction against fisk” of thermal, electric shock and energy hazards in case of abng
operating conditioh,ef a UPS in combination with its installation shall be evaluated by:
a) te¢sts defined in this section; or

b) chlcufation or simulation based on tests as defined in 5.24.4 and 5.2.4.6
repfesentative model of UPS, where no damage other than opening of overcy

rmal

bn a
rrent

rotactivae davicaes has acclrrad to tha tast samnlg
———

NOTE A representative model means a UPS with similar power elements (for example, power
semiconductor devices, fuses, circuit breakers, capacitors, overcurrent detection and output inductances)

and circuit topologies as the UPS under consideration.

Before all abnormal tests, the test sample shall be mounted, connected, and operated as

described in the temperature rise test.

Simulated faults or abnormal operating conditions shall be applied one at a time. Faults that

are the direct consequence of a simulated fault or abnormal operating conditions
considered to be part of that simulated fault or abnormal operating condition.

are
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In the case of a UPS supplied without an enclosure, a wire mesh cage which is 1,5 times the
individual linear dimensions of the UPS part under study shall be used to simulate the

intended enclosure.

The UPS, and the wire mesh cage (if used), shall be earthed according to the requirements of

4.4.4.2.2.

Cheese cloth or surgical cotton shall be placed at all openings, handles, flanges, joints and

similar locations on the outside of the enclosure and the wire mesh cage (if used),
manner which will not significantly affect the cooling.

in a

Whefe the UPS under test is specified in its installation manual to require external mea
protgction against faults, these specific means shall be provided for the test.

The poltages of accessible SELV, PELV and DVC As circuits as well as acgessible ea
and linearthed conductive parts shall be monitored.

The pupply shall be capable of delivering the specified prospective\short circuit cu
(see|4.3.1) at the connection to the UPS, unless the circuit analysis\of 4.2 demonstrateg
a lesper value may be used.

Examples in which the lesser prospective short-circuit “\current available from the
supply may be used include situations wherein:

e fault path of concern is not a low impedance path; or

- the resulting let-through current from the supply is equal or less than 10 kA; or

ns of

rthed

rrent
that

test

— the result is independent of the prospective short-circuit current available from the

supply

The Individual tests shall be performed uyatil terminated by activation of a protective devi
mechanism (internal or external), aNcomponent failure occurs that interrupts the
condjtion, or the temperatures stabilize.

5.2.4.2 Pass criteria

As alresult of the abnormal operation tests, the UPS shall comply with the following:

- there shall be no-emission of flame, burning particles or molten metal;
- the cheese cloth-or surgical cotton indicator shall not have ignited;

the earth~cQnnection and protective equipotential bonding of the UPS shall not

ce or
fault

have

— 0 Ma and e ne a a) ible D A ~Ya¥a a¥a

sible

conductive parts shall not exhibit voltages greater than the time dependent voltages of

Figure 1, Figure 2 or Figure 3, as appropriate and shall be separated from live parts at
voltages greater than DVC As with at least basic insulation. Compliance shall be
checked by the a.c. or d.c. insulation test of 5.2.3.4 for basic insulation;

during and after the test, live parts at voltages greater than DVC As shall not become
accessible.

The UPS is not required to be operational after testing and it is possible that the enclosure
can become deformed. Overcurrent protection integral to the UPS, or required to be used with

the UPS, is allowed to open.
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5.2.4.3 Protective equipotential bonding short circuit withstand test (type test)
5.2.4.3.1 General

When required by 5.2.3.11.2.1, a protective equipotential bonding path shall be subjected
to the following short circuit withstand test.

5.2.4.3.2 Test conditions

The equipment under test shall be supplied with power and the output port shall be operating
as intended in 5.2.4.1 prior to closing the switching means that applies the short circuit,

unle s onaraizina tha aganinmant wwith thgo chart circnit alraady, annliad will hg FR-OFe—-S-0Me+
ye-oHe+gHARg—t StHpH e Rt WO o cH-EUH—a e ay—< -6 -

The jprotective equipotential bonding short circuit test shall be performed wi UPS
work|ng with light load, unless analysis shows that higher short circuit currents@ avallable
under higher loading conditions. Q

A nelv sample may be used for each short circuit test. ,'\
N

5.2.4.3.3 Protective equipotential bonding short circuit test mﬂ@od

The {est current is applied by connecting the accessible part r consideration to one qf the
condpctors of the the test source circuit through a switchin ns that will not limit the ghort
circujt current. The switch shall be located such that the ﬁ:rce is short circuited through the
accepsible part and its protective equipotential b g path back to the proteftive
earthing terminal for the source circuit under conS| ion. The connections to the shqrting
switgh shall be through cables having the sa cross -section as specified for thg PE
conductor in the installation and the length o \§ cables shall be limited to 2 m. If the] size
of the UPS requires a greater length, the lengthvshall be as short as practical to perform the
test and the short circuit current shall be ¢ L@ted at the entrance of the product.

5.2.4.3.4 Pass criteria A\Q)
During and after the test, acces@le DVC As, SELV and PELV circuits and accegsible
conductive parts shall not exhibit voltages greater than the time dependent voltaggs of
Figufe 1, Figure 2 or Figur \ f 4.4.2.2.3, and shall remain separated from live parfs at
voltages greater than DVC by at least basic insulation. Compliance shall be checked by
the a.c.or d.c. voltage t@{cﬁ 5.2.3.4 for basic insulation.

At the conclusion Ef)the test, there shall be no damage to the protective equipotgntial
bonding means er test. Compliance shall be checked by inspection, and if necessary, by
the grotectiv, uipotential bonding continuity test (routine test) of 5.2.3.11.4.

5.2.].4<</Cﬁjtput short-circuit test (type test)
5.2.44 iti

The short-circuit test shall be performed with the UPS at full load or light load whichever
creates the more severe condition.

5.2.4.4.2 Short-circuit test method

Power output port terminals shall be provided with cable of a cross-section as specified for
the installation connected to an appropriate switching means that will not limit the short
circuit current. The complete length of the cable (forth and back) shall be approximately 2 m,
unless the size of the UPS requires a greater length, in which case the length shall be as
short as practical to perform the test.
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The equipment under test shall be supplied with power and the output port shall be operating
as intended prior to closing the switching means that applies to the short circuit, unless
energizing the equipment with the short circuit already applied will be more severe.

The testing shall include individual tests of each output port where combinations of two or
more terminals, including earth, on each individual port are subjected to short circuit tests on
those terminals. Analysis may be used to reduce the number of tests if it is shown that the
results of one combination are representative of the anticipated results of another
combination.

A new sample may be used for each short circuit test.

In addition to determining compliance with the criteria of 5.2.4.2, this test is used t%tr\ﬁe nmine
the qutput short circuit current rating of the port under consideration, in ac nce| with
4.3.2.3. An oscilloscope or other suitable instrument shall be used to measure the |peak
currgnt during the test, and to measure or calculate the r.m.s. value of the ¢ t.

.
.

6.2, are the peak current, and the highest of the r.m.s. current valu asured or calcujated

The value(s) to be recorded and to be provided with the UPS instructiﬁﬁé’, in accordance with
over |a time period as follows: @

a) fgr a.c. signals, three cycles of the nominal a.c.@ency for the port ynder
cpnsideration, in which case the value is to be stated a 3-cycle r.m.s. value;

b) faor all signals, the duration of the short circuit fro the time the short circuit is applied,
uptil the time the short circuit current is inten@ d by a protective device or pther
mechanism, in which case the value stated is include the r.m.s. value and the(time
period in seconds; \\

c) fgr short circuit tests that result in a con s&uous non-zero value, the steady-state n.m.s.
vhlue, in which case the value is to be d as a continuous r.m.s value.

For WPS with internal short circuit pro@on according to 4.3.2.3, which protects the optput
port|within some few ps, the requiremé}\ts in a), b) and c) are not applicable.

5.2.4.5 Output overload tes@ttype test)

The |overload test shall bg)performed after operating the UPS at full load until ngrmal
opergting temperature e’ attained. Each output of the UPS, and each section of a tapped
outpdit, shall be overl ed in turn, one at a time. The other outputs and windings are lopded
or ndt loaded which@er load condition of normal use is less favorable.

-

Overjoading '%ﬁrried out by connecting a variable load across the output or winding{ The
load [is ad] d as quickly as possible and readjusted, if necessary, after 1 min to maintain
the gpplicaple overload. No further readjustments are then permitted.

AN

If overcurrent proteciion is provided by a curreni-sensitive device or circuii, the overfoad test
current is the maximum current which the overcurrent protection device is just capable of
passing for 1 h. Before the test, the overcurrent protection device is made inoperative or
replaced by a link with negligible impedance.

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

In all other cases, the loading is the maximum power output obtainable from the output.
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5.2.4.6 Breakdown of components test (type test)
5.2.4.6.1 Load conditions

The breakdown of a component, identified as a result of the circuit analysis of 4.2, shall be
tested with the UPS at full load or light load whichever creates the more severe condition.

5.2.4.6.2 Application of short circuit or open-circuit

The short circuit shall be applied with cable of a cross-section agpropriate for the current that
normally flows through the component, but not less than 2,5 mm~®. The length of the loop shall

Each identified component shall be subjected to only one breakdown of corvr;io ents| test
unlegs both open- and short circuit failure modes are likely in that component.Q'\

be as-she ractcal-to—pe+fo he-test—ShorcHouis—a

an appropriate switching device.

.

5.2.46.3 Test sequence

Q/
For the breakdown of components test, identified components shaII@ort circuited or gpen-
circujted, whichever creates the worst hazard, one at a time. @

5.2.4.7 PWB short circuit test (type test) s\\Q/

On HWBs, functional insulation provided by spacings IQ:h are less than those specified in
Tabl¢ 10 and Table 11 (see 4.4.7.7) shall be type tes@as described below.

The Hdecreased spacings shall be short circuit@‘f%ne at a time, on representative samples,
and fhe short circuit shall be maintained until @ urther damage occurs.
)

5.2.4.8 Loss of phase test (type test)s

A mylti-phase UPS shall be operate(ﬂkith each line (including neutral, if used) disconngcted
in turn at the input. The test sh e performed by disconnecting one line with the power
convgrsion equipment operatin P&t its maximum normal load and shall be repeated by inftially
energizing the UPS with on@b disconnected.

The [test shall continu@n’til terminated by a protective mechanism, a component fgilure
occufs, or the temp@@we stabilizes.

For UPS with@d input current greater than 500 A, compliance can be shown thrpugh
simulation. O

5.2.4|.9\<</Céooling failure tests (type tests)

5.2.4.9.1 General and pass criteria

For UPS having a combination of cooling mechanisms, all relevant tests shall be performed. It
is not necessary to perform the tests simultaneously.

The test shall continue:

- until the temperature stabilizes, in which case the temperature limits of 4.6.4.2 apply;
or

- until terminated by a protective mechanism or a component failure occurs, in which case
the temperature limits of accessible parts in 4.6.4.2 may be exceeded by not more than
5°C. If this is not possible a warning statement shall be provided in the user
documentation.
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NOTE The temperature increase of 5 °C with regard to the steady state limits reflect the spread of the burn

thresh

5.2.4

old given in IEC Guide 117.

.9.2 Inoperative blower motor test

A UPS having forced ventilation shall be operated at rated load with fan or blower motor or
motors made inoperative, single or in combination from a single fault, by physically preventing

their

5.2.4

rotation.

.9.3 Clogged filter test

Enclosed UPS having filtered ventilation openings shall be operated at rated load with the

openjings blocked to represent clogged filters. The test shall be performed initially wit

of thla ventilation openings surface blocked. The test shall be repeated under a fuJ.L\f%

condjtion.

X\
5.2.4.9.4 Loss of coolant test (19
A ligphid cooled UPS shall be operated at rated load. Loss of coolant b'?ﬂo be simulatq
draining the coolant, blocking the flow or disabling the system coolant p.

If the
then

UPS is shut down due to the operation of a thermal devj &ocated inside the coq
the test shall be repeated with the coolant drained out oféiﬁ)system.

It is presumed that the thermal device will be inoperative if r&% é\ounded by coolant liquid.

NOTH
5.2.4 Material tests QQ
N\
5.2.51 General s\&
When requested by 4.4.7.8.2, the manufa r shall test the flammability properties o
matefrials used for insulating purposes, as ined in 5.2.5.2, 5.2.5.3 and 5.2.5.4.

Whe
mate)

Five
have

)
n requested by 4.6.3.2 the man&acturer shall test the flammability properties o
rials used for fire enclosure,’@ defined in 5.2.5.5.

QS)
5.2.5.2 High current arc'@}ignition test (type test)

samples of each ir@ﬂa’ting material (Figure 13) to be tested are used. The samples
minimum 130 length and 13 mm width and of uniform thickness representin

thinnjest section of tﬁe part. Edges shall be free from burrs, fins, etc.

Each
conn

test is&ﬁe with a pair of test electrodes and a variable inductive impedance
ected@ ries to a source of 220 V to 240 V a.c, 50 Hz or 60 Hz (see Figure 13).

50 %
cked

d by

lant,

f the

f the

shall
j the

load

&
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Movable electrode Stationary electrode

~ /

18/12

Test sample
Z=7TQ
with 0,5
L power factor
220 V-240 V a.c.
® ~\§
X
N
I=33A Al
%(1/\) IEC 1
Figure 13 — Circuit for high-current arding test
\Z
It is permitted to use an equivalent circuit. 6\

One
3,5
3m
and
tips ¢
each
circu
powe

The
the 4
mov4{

r factor of 0,5.

contgct with the stati

as tol
of 25

The
or a

produce a serj

otal

NY

electrode is stationary and the second movatQQ'he stationary electrode consists
m diameter solid copper conductor having aQ{)
diameter stainless steel rod with a symm al conical point having a total angle of 60°

s capable of being moved along its o xis. The radius of curvature for the elec
oes not exceed 0,1 mm at the start given test. The electrodes are located opp
other, in the same plane, at an a

ted, the variable inductive imp&‘@xé

ble electrode Giﬁfmally or otherwise controlled so that it can be withdrawn

0 mm/s + 2 m/s.
ES

est is @tinued until ignition of the sample occurs, a hole is burned through the sa
cﬁoo arcs have elapsed.

N

of 45° to the horizontal. With the electrodes
ce load is adjusted until the current is 33 A

xO

bample under test is suppQrted horizontally in air or on a non-conductive surface sq that
lectrodes, when touching each other, are in contact with the surface of the sample

of a

chisel point. The movable electrod¢ is a

rode
bsing
short
at a

The
from

electrode to break the circuit and lowered to remake the circujt, so

f arcs at a rate of approximately 40 arcs/min, with a separation s

peed

mple

The

V-0 class materials and not less than 30 for other materials.

5.2.5.3

Glow-wire test (type test)

’ c s : e P : . 4 PR T TR 1 PR o 4=
aveldyc TIUrmuer Ul darts to 1gritiort O u1e SPEeUITITeTIS 1ES1EU STidil UT TIUU 1855 UidlT To fOI‘

The glow-wire test shall be made under the conditions specified in 4.4.7.8.2 according to
IEC 60695-2-10 and IEC 60695-2-13.

5.2.5.4

Hot wire ignition test (type test — alternative to glow-wire test)

Five samples of each insulating material (see Figure 14) are tested. The samples shall have
minimum 130 mm length and 13 mm width and of a uniform thickness representing the
thinnest section of the part. Edges shall be free from burrs, fins, etc.
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A 250 mm £ 5 mm length of nichrome wire (nominal composition 80 % nickel, 20 % chromium,
iron-free) approximately 0,5 mm diameter and having a cold resistance of approximately
5 Q/m is used. The wire is connected in a straight length to a variable source of power which
is adjusted to generate 0,25 W/mm + 0,01 W/mm in the wire for a period of 8 s to 12 s. After
cooling, the wire is wrapped around a sample to form five complete turns spaced 6 mm apart.

The wrapped sample is supported in a horizontal position (see Figure 14) and the ends of the
wire connected to the variable power source, which is again adjusted to generate
0,25 W/mm + 0,01 W/mm in the wire.

“a— Heating wire Q:\S
Q\

Test sample

$ IEC 1219/12

Figure 14 — Tesggf(ture for hot-wire ignition test

O
The {est is continued until the t \s'pecimen ignites or until 120 s have passed. When igfition
occufs or 120 s have pasﬁe test is discontinued and the test time recorded]: For
spec|imens which melt thro the wire without ignition, the test is discontinued when the
spec|men is no longer i@timate contact with all five turns of the heater wire.

The fest is repeate(gn the remaining samples.

The average@ﬁon time of the specimens tested shall not be less than 15 s.

5.2. .S&immability test (type test)
|\
Three samples of the compleie equipment or three test specimens of the enclosure thereof

(see 4.6.3) shall be subjected to this test. Consideration shall be given to leaving in place
components and other parts that might influence the performance. The test samples shall be
conditioned in a full draft circulating air oven for seven days at 10 °C greater than the
maximum use temperature, as determined by the temperature rise test 5.2.3.10, but not less
than 70 °C in any case. Prior to testing, the samples shall be conditioned for a minimum of 4 h
at 23°C +£2°C and 50 % = 5 % relative humidity. The flame shall be applied to an inside
surface of the sample at a location judged to be likely to become ignited because of its
proximity to a source of ignition including surfaces provided with ventilation holes. If more
than one part is near a source of ignition, each sample shall be tested with the flame applied
to a different location.

The three test samples shall result in the acceptable performance described below. If one
sample does not comply, the test shall be repeated on a set of three new samples with the
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flame applied under the same conditions as for the unsuccessful sample. If all the new
specimens comply with the requirements described below the material is acceptable.

The laboratory burner, adjustment and calibration shall be identical to that described in
IEC 60695-11-20.

When a complete enclosure is used to conduct the flame test, the sample shall be mounted
as intended in service, if it does not impair the flame testing, in a draft-free test chamber,
enclosure, or laboratory hood. A layer of absorbent 100 % cotton shall be located 305 mm
below the point of application of the test flame. The 127 mm flame shall be applied to any
portion of the interior of the part judged as likely to be ignited (by its proximity to live or arcing

partd, coils, wiring, and the like) at an angle of approximately 20 ° insofar as possible ﬁw‘the
p

verti¢al so that the tip of the blue cone touches the specimen. The test flame shall lied
to three different locations on each of the three samples tested. A supply of te I-grade
methane gas shall be used with a regulator and meter for uniform gas flow. \Natural gas
havijg a heat content of approximately 37 MJ/m3 at 23 °C has been found Q\%ovide similar
results and may be used. '\(‘l/

4
The flame shall be applied for 5 s and removed for 5 s. The operati D&all be repeated| until
the specimen has been subjected to five applications of the test flarﬁgS

The following conditions shall be met as a result of this test: Q/C)
N\

|
—

:l:e material shall not continue to burn for more than 1(in after the fifth 5 s applicatipn of
e test flame, with an interval of 5 s between appli¢ations of the flame;

—

apd

|
—h

laming drops or flaming or glowing particle@t ignite surgical cotton 305 mm beloy the
t¢st specimen shall not be emitted by the t@s sample at any time during the test.

O

After| the test, equipment shall meet th ’}Equirements for basic protection by meanps of
enclpsures or barriers in 4.4.3.3. .\Q)

5.2.5.6 Flaming oil test (typsﬁsg)
When required by 4.6.3.3.3 @cdliance is shown by the flame oil test as follows.

horizbntal position. Bleached cheesecloth of approximately 40 g/m2 is placed in one |ayer
over |a shallow, flat-hdttomed pan approximately 50 mm below the sample, and is of sufficient
size fo cover ¢ ctely the pattern of openings in the sample, but not large enough to ¢atch
any ¢f the oi runs over the edge of the sample or otherwise does not pass through the

openfings.
o

NOTH| @; of a metal screen or a wired-glass partition surrounding the test area is recommended.

A sample of the comF finished bottom of the fire enclosure is securely supported|in a

A small metal ladle (preferably no more than 65 mm in diameter), with a pouring lip and a long
handle whose longitudinal axis remains horizontal during pouring, is partially filled with 10 ml
of a distillate fuel oil that is a medium volatile distillate having a mass per unit volume
between 0,845 g/ml and 0,865 g/ml, a flash point between 43,5 °C and 93,5 °C and an
average calorific value of 38 MJ/I. The ladle containing the oil is heated and the oil ignited and
permitted to burn for 1 min, at which time all of the hot flaming oil is poured at the rate of
approximately 1 ml/s in a steady stream onto the centre of the pattern of openings, from a
position approximately 100 mm above the openings.

The test is repeated twice at 5 min intervals, using clean cheesecloth.

During the test the cheesecloth shall not ignite.
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.7 Cemented joints test (type test)

When required by 4.4.7.9 representative samples of cemented joints providing protection of

type

The

After

1 or type 2 as defined in IEC 60664-3:2003 shall be tested as a type test as follows.

samples shall be subjected to the conditioning procedure specified in 5.7 of
IEC 60664-3:2003, using the following parameters: 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.

the conditioning the samples shall pass the following tests in the prescribed order:

f
t

b) T

c) g
4
d) T

rces anticipated to be present under normal conditions. There shall be no sep%_
e parts.

a) Iihe mechanical strength of the joint shall be evaluated by loading the joint U%

he insulation resistance between the conductive parts separated by they\?slnt shg

nmeasured according to 5.8.3 of IEC 60664-3:2003.

emented joints shall be treated as to be thin sheet material and shall'be ested acco
4.7.8.3. QY

j Environmental tests (type tests)
5.2.6.1

Envir
envir

If siz
it is
UPS

Whe
test
asse

he sectioning of the joint shall not show any cracks, voids or se@ation.

@C’@
;\\

onmental testing is required to establish the s of the UPS at the extremes 0
onmental classification to which it will be subj

N
e or power considerations prevent the perf&\)nance of these tests on the complete
bermitted to test individual parts that S{'@considered to be relevant to the safety g

o
 testing components or sub—assé%blies separately, the temperature during the dry

5hall be chosen as to simula@actual use in the end-product. The component or
mbly shall be energized su&&latmg the same conditions as in the end-product.

General

Tabl¢ 30 shows the standarg‘{ests to be performed for the different environmental conditi

Com
Tabl

Whe
stang

bliance is shovgé@/ conducting test of 5.2.6.3, 5.2.6.4, 5.2.6.5 and 5.2.6.6 accordi
b 30 as appli for the environmental conditions specified by the manufacture.

e the is required to operate in conditions outside the range of values given ir
ard the test conditions shall be agreed on between the supplier and the custg

¢ the
bn of

Il be

rding

f the

UPS,
f the

theat
sub-

bNS.
hg to
this

mer,
test

as dei n the particular individual enquiry or purchasing specification. In any case thg

requir

nts shall not be less demanding than the operating conditions specified.
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Table 30 — Environmental tests

Test condition

Indoor conditioned

Indoor unconditioned

Outdoor unconditioned

IEC 60721-3-3 IEC 60721-3-3 IEC 60721-3-4
Climatic Dry heat (see 5.2.6.3.1) Dry heat (see 5.2.6.3.1) Dry heat (see 5.2.6.3.1)
Damp heat (see 5.2.6.3.2) Damp heat (see 5.2.6.3.2) Damp heat (see 5.2.6.3.2)
Chemically No test requirement No test requirement Test Kb of IEC 60068-2-52
active . a
substances Salt mist ° (see 5.2.6.5)

Mechanically

No test requirement

No test requirement

Test Lc of IEC 60068-2-68

active
substanges

Dust and sand (see%..6.6
(seef p-6.6)

Mechanikal

Test Fc of IEC 60068-2-6
Vibration (see 5.2.6.4)

Test Fc of IEC 60068-2-6
Vibration (see 5.2.6.4)

Test Fc of |E@5068-2-6
Vibratio(&ee 5.2.64)

Biologicp

No test requirement

No test requirement

a

Refe

to Footnote @ in Table 18.

r\:i(tts& requiremept

Whe
activ

5.2.6

The 1

5.2.4

Top
high

n’
>
%
N special environmental conditions are specified, additiona(b sts (e.g. for chem

e substances) shall be considered. O
&
®)

.2 Acceptance criteria Q
ollowing acceptance criteria shall be satisfied: Q

o degradation of any safety-relevant comp @t of the UPS;
O potentially hazardous behaviour of the UP

o)

s shall become accessible;

during the test;
0 sign of component overheating;
o0 hazardous live part greater th
o cracks in the enclosure ang\oo damaged or loose insulators;

ass routine a.c. or d.c. vqlt@e test 5.2.3.4;

ass protective equipo@ial bonding impedance test 5.2.3.11.2;

o potentially hazardg\ds behaviour when the UPS is operated following the test.

.3 Climatic é?s
3.1 Dr@i test (steady state)

fove @bility of components and equipment to be operated, transported or stors
t

condp'

cally

pd at
the

te atures the dry heat (steady state) test shall be performed according td
specified in Table 31.
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Table 31 — Dry heat test (steady state)

Subject

Test conditions

Test reference

Test Bd of IEC 60068-2-2

Requirement reference

4.9

Preconditioning

According to 5.1.2 and 5.2.1

Operating conditions

Operating at rated conditions

Temperature Temperature classification according to Table 18 or, for separate testing of
components and sub-assemblies, according to 5.2.3.1 or manufacturer’s specified
maximum temperature, whichever is higher

Accurpcy + 2 °C (see IEC 60068-2-2) QY

Humidity According to IEC 60068-2-2, Test Bd Q/\

Duration of exposure

p (16 + 1) h '\:\

Reco\ery procedure

— Timg 1 h minimum N’

’
— Clinjatic conditions b‘Q
— Tgmperature 15°Cto 35 °C (19
— R¢lative humidity 25 % to 75 % C)%
— Bgrometric pressure 86 kPa to 106 kPa \Q/

— Pow

er supply

Power supply unconnected

5.2.6

Top
state

3.2

Damp heat test (steady state)

'ove the resistance to humidity, the UPS@sh‘all be subjected to a damp heat test (sfeady
according to the conditions specn‘leds@\

3
QO
\\Q

able 32.
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Table 32 — Damp heat test (steady state)

Subject

Test conditions

Test reference

Test Cab of IEC 60068-2-78:2001

Requirement reference

4.9

Preconditioning

According to 5.1.2 and 5.2.1

Operating conditions

Special precautions

Power supply disconnected

Internal voltage sources may remain connected if the heat produced by them in the
specimen is negligible

Temppratas Merufacturors—spestiodradrarmtemperataro—or—ferseparatetestngof
components and sub-assemblies, according to 5.2.3.1 , whichever is higher,

Accurpcy + 2 °C (see Clause 5 of IEC 60068-2-78:2001)

Humidqity Manufacturer’s specified maximum humidity

Accurpcy + 3 % (see Clause 5 of IEC 60068-2-78:2001)

Duratijon of exposure

4 days

Reco\ery procedure
— Timg
— Clinjatic conditions

— Tgmperature

— Re¢lative humidity

— Bgrometric pressure
— Power supply

— Congdensation

1 h minimum

15 °C to 35 °C

25% to 75 %

86 kPa to 106 kPa

Power supply disconnected

All external and internal condensation shall be removed by air flow prior to
performing the a.c. or d.c. voltage test or re-connecting the PEC to a power supply

5.2.6.4
The

Vibration test (type test)

default environmental conditions applying to UPS within the scope of this document do
not require compliance with vibration tests.

A vibration test is nevertheless to be considered if a different environmental service condition

jition

applies.

5.2.6.5 Salt mist test (type test)

The fefault_énvironmental conditions applying to UPS within the scope of this document do
not requirescompliance with salt-mist tests.

A salt-mist test is nevertheless to be considered-if a different environmental service cond
applies.

5.2.6.6 Dust and sand test (type test)

The default environmental conditions applying to UPS within the scope of this document do
not require compliance with dust and sand tests.

A dust and sand test is nevertheless to be considered if a different environmental service

cond

ition applies.

5.2.7 Hydrostatic pressure test (type test and routine test)

For type tests, the pressure inside the cooling system of a liquid cooled UPS (see 4.7.2.3.3)
shall be increased at a gradual rate until a pressure relief mechanism (if provided) operates,
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or until a pressure of twice the operating value or 1,5 times the maximum pressure rating of
the system is achieved, whichever is the greater.

NOTE For the purpose of this test the coolant pump may be disabled.

For routine tests, the pressure shall be increased to the maximum pressure rating of the
system.

The pressure shall be maintained for at least one minute.

There_shall be no thermal, shock, or other hazard resulting from the test. There shall be no
leakgge of coolant or loss of pressure during the test, other than from a pressure relief
mechanism during a type test.

After| the hydrostatic pressure type test the UPS shall pass the a.c. or d.c. moltage tgst in
5.2.3.4.

6 Information and marking requirements

6.1 General
6.1.101 Durability

Any |marking required by this document shall be durable and legible. In considering the
durability of the marking, the effect of normal use shall be taken into account.

Compliance is checked by inspection and by «ubbing the marking by hand for 15 s wjith a
piece of cloth soaked with water and again either for 15 s with a piece of cloth soaked| with
petrgleum spirit or for 30 s with a piece of e¢loth soaked with 70 % isopropyl alcohol. Aftef this
test, [the marking shall be legible; it shall ©iot be possible to remove marking plates easily and
they |shall show no curling.

The petroleum spirit to be used, for the test is aliphatic solvent hexane having a maxjnum
aromatics content of 0,1 % by (volume, a kauributenol value of 29, an initial boiling pojnt of
apprpximately 65 °C, a dry point of approximately 69 °C and a mass per unit volume of
approximately 0,7 kg/l.

As ah alternative, it“is-permitted to use a reagent grade hexane with a minimum of 85 P6 as
n-hexane.

NOTE| The designation "n-hexane" is chemical nomenclature for a "normal" or straight chain hydrocarbon. This
petroleum spirituis further identified as a certified ACS (American Chemical Society) reagent grade hexane| (CAS
No. 110-54-3).

6.1.102 Removableparts

Marking required by this document shall not be placed on removable parts that can be
replaced in such a way that the marking would become misleading.

6.2 Information for selection

Each UPS that is supplied as a separate product shall be provided with information relating to
its function, electrical characteristics, and intended environment, so that its fitness for purpose
and compatibility with other parts of the system can be determined.

This information includes, but is not limited to:

a) on the rating plate:

e the name or trademark of the manufacturer, supplier or importer;
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catalogue number or equivalent;
electrical rated values for each power port, as applicable:

input voltage(s) or input voltage range(s);

— input current(s) or input current range(s) (see 5.2.3.102);
— output voltage(s);

— output current(s);

— output apparent power:

— output active power or output power factor;

b) o

The
wher

Equi

n the rating plate or in the user manual:

bment with a rated voltage range shall be marked with either the maximum 1

curr

EXAMPLE

100-2404V5,2,8 A

— frequency(ies) or frequency range(s);

- I, and/or I, (see 6.4.3.102).

number of phases and neutral (e.g. 3 Ph + N);
protective class, for class Il UPS only (see 6.3.7.3.3);

the type of electrical supply system (e.g. TN, IT,) to which the UPS may be conneg
the type of electrical supply system (e.g. TN, IT) supplied_fo the load;

the type of electrical supply system (e.g. TN, IT) supplied to the stored energy dev
output short-circuit current in accordance with(4.3.2.3 and 5.2.4.4;

protective device characteristics, in accordancevwith 4.3.2 and 5.2.4.4;

liquid coolant type and design pressure forNquid cooled UPS;

IP rating for enclosure;

operating and storage environment;

ambient operating temperature range (if other than 15 °C to 30 °C);

reference(s) to relevant standard(s) for manufacture, test, or use;

reference to instructions(for installation, use and maintenance.

multiple values orranges are given, they shall be separated by a solidus (/);

nt or with-the current range.

or

100-240 V; 2,8-1,2 A

ted;

ice;

range shall have a hyphen (-) between the minimum and maximum rated values and

ated

For equipment with multiple rated voltages, the corresponding rated currents shall be
marked such that the different current ratings are separated by a solidus (/) and the relation
between rated voltage and associated rated current appears distinctly.

EXAMPLE

100-120 V; 2,8 A/ 200-240 V; 1,4 A

or

100-120 V; 2,8-2,4 A/ 200-240 V; 1,4-1,2 A
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6.3 Information for installation and commissioning
6.3.1 General

Safe and reliable installation is the responsibility of the installer, machine builder, and/or user.
The manufacturer of any part of the UPS shall provide information to support this task. This
information shall be unambiguous, and may be in diagrammatic form.

6.3.2 Mechanical considerations

The following drawings shall be prepared by the manufacturer:

- :tmensional drawing, including mass information;

N
ounting drawing. Q:\‘

Dimgnsions, mass, etc., shall be in Sl units.

6.3.3 Environment N

In apcordance with 4.9 the following environmental conditions@%ll be specified} for
operation, transportation and storage: %

- climatic (temperature, humidity, altitude, pollution, uItra-v@Jight, etc.);

N
S

- leechanical (vibration, shock, drop, topple, etc.);
lectrical (overvoltage category). Q

NOTE|] Environmental categories as specified in IEC 60721 r@be used where appropriate.
6.3.4 Handling and mounting ‘\\)
%,

In orfler to prevent injury or damage, the ir‘?&llation documents shall include warnings of any
hazafds which can be experienced duri nstallation. Where necessary, instructions shall be
provided for: 4\

- packing and unpacking; xO

- oving; C)\\C\){‘

- lifting; .

- sfrength and rigid@mounting surface;

- fastening; O

- provision o éuate access for operation, adjustment and maintenance.

mounting surface.

Where required by 4.6.3.1, the following marking shall appear on the UPS and in the
installation instructions: “suitable for mounting on concrete or other non-combustible surfaces
only”.

6.3.6 Connections
6.3.6.1 General

Information shall be provided to enable the installer to make safe electrical connection to the
UPS. This shall include information for protection against hazards (for example, electric shock
or availability of energy) that may be encountered during installation, operation or
maintenance.


https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

IEC 62040-1:2017 EXV © IEC 2017 - 141 -

6.3.6.2 Interconnection and wiring diagrams

The installation and maintenance manuals shall include details of all necessary connections,

together with a suggested interconnection diagram.

6.3.6.3 Conductor (cable) selection

The installation manual shall define the voltage and current levels for all connections to the
UPS, together with cable insulation requirements. These shall be worst-case values, taking
into account short circuit and overload conditions and the possible effects of non-sinusoidal

currents.

6.3.6.4 Terminal capacity and identification

sizeq and types (solid or stranded) for all terminals, and also the maxi
condpctors which can simultaneously be connected. ('1/

.

The |nstallation and maintenance manuals shall indicate the range of acceptavk&ond

S

numb

Lictor
br - of

4
For field wiring terminals, the manuals shall specify the requireme or tightening tqrque

valugs and also the insulation temperature rating requirements for p@conductor or cablg.

©

The |dentification of all field wiring terminals shall be markéqn the UPS, either direc

by aJabel attached close to the terminals.

N
S

The linstallation and maintenance manuals shall id@fy all external terminals relating to

circujts protected by one of the methods of 4.4.6.4. Q
>

6.3.7] Protection requirements Q

%
6.3.7.1 Accessible parts and circuits \\,Q

ly or

The |installation and maintenance m als shall identify any accessible parts at voltages
greafer than DVC As, and shall describe the insulation and separation provisions requirgd for

protdction. b\

o~

The [manuals shall also in@e the precautions to be taken to ensure that the safe

DVC|As connections isxintained during installation.

equipment. The @\ shall be visible before the cover is removed.

The manua&D@ UPS shall state the maximum voltage allowed to be connected to each p

Whefe a hazard is @nt after the removal of a cover, a warning label shall be placed o
e

ity of

n the

ort.

The ;ﬁuals shall provide instructions for the use of PELV circuits within a zon|e of

equi

el lo all
niat uuuuuly.

6.3.7.2 Type of electrical supply system

The installation manual of the UPS shall specify requirements for safe earthing including the

permitted earthing system of the installation (see 4.4.7.1.4).

The unacceptable earthing systems shall be indicated as:

- not permitted; or

- with modification of values and/or safety levels which shall be quantified through type

test.
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6.3.7.3 Protective class
6.3.7.3.1 General

The installation manual of the UPS shall declare the protective class specified for the UPS
and the product shall be marked according to the requirement of 6.3.7.3.2, 6.3.7.3.3, and
6.3.7.3.4.

6.3.7.3.2 Protective class | equipment

Terminals for connection of the PE conductor shall be clearly and indelibly marked with one

fthao fall 1 .
Oor M e+e—-e+—+Re—+oHoWHRG=

- With the letters PE; or
- the colour coding green or green-yellow.

- trlve symbol IEC 60417-5019 (2011-01) (see Annex C); or Q:\S
X

P>

6.3.7.3.3 Protective class Il equipment N

Q/
Equipment of protective class Il shall be marked on the ;ﬂ% plate with symbol
IEC $0417-5172 (2011-01) (see Annex C). Where such equipr@ has provision fof the
conngction of an earthing conductor for functional reasons ( .4.6.3) this provision |shall
be miarked with symbol IEC 60417-5018 (2011-01) (see Anne<§y

6.3.7.3.4 Protective class lll equipment Q ©
No njarking is required on the product. \QQ

N
6.3.7.4 Touch current marking @‘\\)

shall| be stated in the installation and intenance manuals. In addition, a warning symbol
ISO F010-W001 (2011-06) (see AnneXC) shall be placed on the product, and a notice |shall
be provided in the installation m | to instruct the user that the minimum size of thg PE
conductor shall comply with t{le ocal safety regulations for high PE conductor cyrrent
equipment. \0

Whefe the touch current in the PE Eg]ﬁtor exceeds the limits given in 4.4.4.3.3.] this

.

<

6.3.7.5 Compatibili@ith RCD marking

intenance manuals shall indicate compatibility with RCDs (see 4]4.8).
ies, a caution notice and the symbol ISO 7010-W001 (2011-06) |(see
provided in the user manual, and the symbol shall be placed on the
prodyict. T ution notice shall be the following or equivalent: “This product can cayse a
d.c. ‘urr@r the PE conductor. Where a residual current-operated protective device (RCD)
is usi)}g/ protection against electrical shock, only an RCD of Type B is allowed of the
supp ide of this product.” (See 6.4.3 for general requirements for labels, signs and signals.)

The |nstallation an
When 4.4.8 b)
Anngx C) sha

6.3.7.6 Cable and connection

Any particular cable and connection requirements shall be identified in the installation and
maintenance manuals.

6.3.7.7 External protection devices

Where external protective devices are necessary to protect against hazards, the installation
and maintenance manual shall specify the required characteristics (see also 5.2.4 and
4.3.2.1).
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6.3.8 Commissioning

If commissioning tests are necessary to ensure the electrical and thermal safety of a UPS,
information to support these tests shall be provided for each part of the UPS. This information
can depend on the specific installation, and close cooperation between manufacturer,
installer, and user can be required.

Commissioning information shall include references to hazards that might be encountered
during commissioning, for example those mentioned in 6.4 and 6.5.

6.3.101 Guidance on UPS installation

The |manufacturer shall provide guidance on the level of competence necessary for
installation. Where appropriate, installation instructions should include reference<io,'nafional
wiring rules. Distinct instructions apply for:

|
—

PS designed for location in a restricted access area only: the installation instructions
hall clearly state that the UPS may only be installed in accordancewith the appli¢able
bquirements including those in IEC 60364-4-42. Such UPS (may not meet| the
pquirements for a fire enclosure as specified in 4.6.3.

n

PS designed for permanent connection by fixed wiring to the AC supply or to the load or
a separate energy storage device, for example batteriés)that are not installed when
delivered: the installation instructions shall clearly state.that only a skilled person| may
install the UPS and that, when the disconnect device for isolation of mains power i not
imcorporated in the equipment (see 4.101.2), an, appropriate and readily accesgsible
disconnect device shall be incorporated in the fixed wiring.

|
-~ = = =

luggable type A or pluggable type B UPS:with energy storage device, for example a
ttery, already installed by the supplieri:the installation instructions shall be made
ailable, for example in the user manual, that shall state whether a skilled persén is
required for installation. When the disconnect device for isolation of mains power i$ not
imcorporated in the equipment (see 4:101.2), or when the plug on the cord is intendgd to
serve as the disconnect device, the installation instructions shall state that the mains
spcket outlet that supplies the UPS shall be installed near the UPS and shall be dasily
cessible. When the UPS cord-shall be connected to an earthed mains socket outlgt for
fety reasons, the UPS.marking or installation instructions shall so state. The $ame
pquirement for marking japplies to any special equipotential earth bonding to pther
pnnected UPS equipment or to class | loads.

[en]

NOTE| Pluggable cords are\normally 2 m in length or less.
6.4 Information~for use
6.4.1] General

The psersymanual shall include all information regarding the safe operation of the URS. It
shalll idéntify any hazardous materials and risks of electric shock, overheating, explosion,
€XCEeSSIVE arCuuStic TToTSE, EtC:

The manual should also indicate any hazards which can result from reasonably foreseeable
misuse of the UPS.

6.4.2 Adjustment

The user's manual shall give details of all safety-relevant adjustments intended for the user.
The identification or function of each control or indicating device and overcurrent protective
devices shall be marked adjacent to the item. Where it is not possible to do this on the
product, the information shall be provided pictorially in the manual.

Maintenance adjustments may also be described in this manual, but it shall be made clear
that they should only be made by qualified personnel.
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Clear warnings shall be provided where excessive adjustment could lead to a hazardous state
of the UPS.

Any special equipment necessary for making adjustments shall be specified and described.

6.4.3 Labels, signs and signals
6.4.3.1 General

Labelling shall be in accordance with good ergonomic principles so that notices, controls,
indications, test facilities, overcurrent protective devices, etc., are sensibly placed and
logichlly grouped o Tacilitate correct and unambiguous idenfificafion. A

All spfety related equipment labels shall be located so as to be visible after in%} atign or
readily visible by opening a door or removing a cover. ,<\

Q
Whefe a symbol is used, the information provided with the UPS shall cor)@rilf an explangation
of th¢ symbol and its meaning. b‘Q,

Labefs shall: @(19

herever possible, use international symbols as give@ ISO 3864-1, I1SO 7040 or
EC 60417; g\\

no international symbol is available, be worde%ipan appropriate language or
nguage associated with a particular technical fie@

>

- concise and unambiguous; Q

|
—_=

[
=

n a

- conspicuous, legible and durable;

sfate the hazards involved and give Way%\g’which risks can be reduced.
When instructing the person(s) concern\@%s to

- hat to avoid: the wording sho@ include “no”, “do not”, or “prohibited”;
- hat to do: the wording sh‘oe}&include “shall”, or “must”;

- the nature of the hazar(j\n\e wording should include “caution”, “warning”, or “dangef’, as
appropriate; .

- the nature of saf@ nditions: the wording should include the noun appropriate t¢ the
spfety device. Q

Safefy signs s@omply with ISO 3864-1.

jon

The ;ign@%rds indicated hereinafter shall be used and the following hierarchy respecte

- ERSGER to call attention to a high risk, for example: “High voltage”.
-  WARNING to call attention to a medium risk, for example: “This surface can be hot.”

- CAUTION to call attention to a low risk, for example: “Some of the tests specified in this
standard involve the use of processes imposing risks on persons concerned.”

Danger, warning and caution markings on the UPS shall be prefixed with the word “DANGER”,
“‘WARNING”, or “CAUTION” as appropriate in letters not less than 3,2 mm high. The
remaining letters of such markings shall be not less than 1,6 mm high.

6.4.3.2 Isolators
Where an isolating device is not intended to interrupt load current, a warning shall state:

DO NOT OPEN UNDER LOAD.
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The following requirements apply to any supply isolating device which does not disconnect all
sources of power to the UPS.

- If the isolating device is mounted in an equipment enclosure with the operating handle
externally operable, a warning label shall be provided adjacent to the operating handle
stating that it does not disconnect all power to the UPS.

- Where a control circuit disconnector can be confused with power circuit disconnectors due
to size or location, a warning label shall be provided adjacent to the operating handle of
the control circuit disconnector stating that it does not disconnect all power to the UPS.

6.4.3.3 Visual and audible signals

Visugl signals such as flashing lights, and audible signals such as sirens, may be~us¢d to
warn| of an impending hazardous event such as the driven equipment start-up apdishgll be
identjfied.

Itis Tssential that these signals:

- are unambiguous;

- cpn be clearly perceived and differentiated from all other signals~tised;
- cpn be clearly recognized by the user;

- re emitted before the occurrence of the hazardous events

It is lecommended that higher frequency flashing lights be‘used for higher priority information.

NOTE| IEC 60073 provides guidance on recommended flashingsates and on/off ratios.

6.4.3.4 Hot surfaces

Whefe required by 4.6.4.2 the warning synte!l ISO 7010-W017 (2011-06) (see Annex C)|shall
be mjarked on or adjacent to parts exceeding the touch temperature limits of Table 15.

6.4.3.5 Control and device marking

The (dentification of each conir@lor indicating device and overcurrent protective devices [shall
be marked adjacent to the ifem. Replaceable overcurrent protective devices shall be marked
with fheir rating and time ‘characteristics. Where it is not possible to do this on the product,
the ipformation shall besprovided pictorially in the manual.

Apprppriate identification shall be marked on or adjacent to each movable connector.
Test[points shall be individually marked with the circuit diagram reference.

The palarity of any polarized devices shall be marked adjacent to the device.

The diagram reference and if possible the function shall be marked adjacent to each pre-set
control in a position where it is clearly visible while the adjustment is being made.

6.4.3.101 Distribution-related backfeed

A label shall be required for the purpose of warning the electrical service person, which shall
be a skilled person, against backfeed situations not caused by the UPS. A backfeed
situation can arise when a particular load fault is present while the UPS operates in stored
energy mode or while unbalanced loads are supplied through a particular power distribution
system, for example an impedance grounded IT system.

The installation instructions for permanently connected UPS shall require the placement of a
warning label


https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

- 146 - IEC 62040-1:2017 EXV © IEC 2017

- by the UPS supplier, at the UPS input terminals, and

- by the installer, that shall be a skilled person, on all primary power isolators installed
remote from the UPS area and on external access points, if any, between such isolators
and the UPS

when

a) the automatic backfeed isolation (see 4.8.102) is provided external to the equipment, or

b) the UPS input is connected through external isolators that, when opened, isolate the
neutral, or

c) the

The warning label shall carry the wording showed in Figure 104, or equivalent:

Before working on this circuit
- Isolate uninterruptible power system (UPS)

- Then check for hazardous voltage between all terminals
including the protective earth

A Risk of voltage backfeed

Figure 104 — Voltage backfeedwarning label

IEC

NOTE| Backfeed protection against faults occurring in the UPS'is described in 4.8.102.
6.4.3.102 Protection in building installation
6.4.3.102.1 General

The UPS manufacturer shall state, as“applicable, the rated short-time withstand cufrent
(Icw)| and/or rated conditional shert-circuit current (I..). This current shall be equal fto or
highgr than the prospective short-circuit current (Icp) stated in Table 104.

The fequirement above doesnhot apply to UPS for which I, and/or I,, is rated equal orf less
than |10 kA.

6.4.3.102.2 Rated‘conditional short-circuit current (/)

UPS|with rated conditional short-circuit current (I..) that was verified using over-cyrrent
protgction device(s) not supplied with the UPS shall include information describing the pver-
currgnt protective device as follows:

a) ifLthe short-circuit protective device is specified in accordance with an |[EC product
standard, the following information shall be provided on the UPS or within the user
manual:

Rated conditional short-circuit current (I..) requires the following installer supplied
short-circuit protection device to be installed upstream the a.c input port(s) of the UPS:

o for example miniature circuit breaker (MCB) IEC 60947-2, trip curve C:

— characteristic or type of short-circuit protective device (e.g. three-pole, 40 A,
10 kA fault current interrupting capacity at 125 V/pole).

b) for all other short-circuit protective devices, the following information shall be provided
on the UPS or within the user manual:

Rated conditional short-circuit current (I..) requires the following installer supplied
short-circuit protection device to be installed before the a.c input port(s) of the UPS:

e name of short-circuit protection device manufacturer(s);
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e characteristic or type of short-circuit protective device;

e manufacturer part number(s) of short-circuit protection device.

6.4.3.102.3 Prospective short-circuit current (Icp)

If an Iy value higher than that specified in Table 104 is stated, the following applies:

a) if higher I, stated < 10 kA: the values corresponding to the next higher applicable line of
Table 104 apply;

b) if higher I, stated > 10 kA: values 16 kA, 20 kA, 25 kA, 35 kA, 50 kA, 65 kA, 85 kA,

100 kA are preferred and the values corresponding to line 500 < / of Table 104 apply

EXAMPLE When a higher ICID is stated:

1) iffla 50 A UPS is declared to sustain Icp = 8 kA (instead of 6 kA), the values of line 75 < I < 400%in" Table 104
ale used,

2) ifla 1 000 A UPS is declared to sustain ICID = 85 kA (instead of 20 x 1 000 = 20 kA), the values of line 500 < 7 in
Thble 104 are used.

The |nstaller can then verify that the prospective short-circuit current resulting at the AC
inpuf| terminals of the unit is equal to or less than the valué \declared by the |UPS
manufacturer. Otherwise, subject to an agreement between (the” manufacturer and the
purchaser, a solution shall be procured. Such a solution may(consist in employing extgrnal
currgnt-limiting overcurrent protectors or customizing the UPS.accordingly.

Irrespective of the UPS being a single unit or a unit in{a paralleled system, the prospecttive
short-circuit current of the AC input to be verified is{that available at the relevant connefction
poinfl of each unit.

6.4.3.102.4 Requirement for building installation

If pluggable equipment type B or permanently connected equipment relies on the building
installation for the protection of internal; wiring of the equipment, the equipment installation
instrdictions shall so state and shall also specify the necessary requirements for short-cjircuit
protgction or overcurrent protection'er, where necessary, for both.

If the protection against elettric shock of the UPS relies on residual current devices ip the
buildjng installation circuit-and the design of the UPS is such that, in any normal or abngrmal
operating condition, a fault current to earth with DC component is possible, the installgtion
instrdictions shall define the building residual current devices as type B according to
IEC 60755 for three-phase UPS and as type A according to IEC 61008-1 or IEC 6100941 for
single-phase UPS.

National-wiring rules, if any, are generally to be considered regarding requirements for public nefworks

ure

Batteries installed within the UPS enclosure shall be so arranged as to minimize risk of
electric shock from inadvertent contact with terminals, and the interconnection method shall
be such as to minimize risk of short-circuiting and electric shock during servicing and
replacement.

The user manual shall inform to what extent, if any, battery maintenance can be performed by
an ordinary person. The UPS construction shall then comply with 4.11., and short-circuit
shall be prevented (e.g. prevention from terminals short-circuit when put on a conductive
surface).

Further, the following instructions or similar warning shall be included:

CAUTION:
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e Do not dispose of batteries in a fire. The batteries may explode.

e Do not open or mutilate batteries. Released electrolyte is harmful to the skin and eyes.
It may be toxic.

o A battery can present a risk of electric shock and burns by high short-circuit current.

o Failed batteries can reach temperatures that exceed the burn thresholds for touchable
surfaces

The following precautions should be observed when working on batteries:

a) disconnect the charging source prior to connecting or disconnecting battery terminals;

b) do not wear any metal objects including watches and rings;
c¢) do not lay tools or metal parts on top of batteries;

and In addition, when the battery maintenance cannot be performed by an ordinary person,
the fpllowing applies

d) use tools with insulated handles;
e) wear rubber gloves and boots;

f) determine if battery is either intentionally or inadvertently grounded. Contact with any part
a grounded battery can result in electric shock and bugns by high short-circuit cufrent.
Tlhe risk of such hazards can be reduced if grounds areemoved during installatior] and
maintenance by a skilled person.

Compliance is checked by inspection.

6.5 Information for maintenance
6.5.1 General

The |UPS shall be marked with the date code, or serial number from which the date of
manufacture can be determined.

Safety information shall be provided in the installation and maintenance manuals including, as
appropriate, the following:

- pfreventive maintenance‘procedures and schedules;

n

afety precautions _during maintenance;

¢cation of live . parts that can be accessible during maintenance (for example, yhen
pvers are sgroved);

Lbsassembly and component repair and replacement procedures;

c|

- adjustment/procedures;
s
a

nwother relevant information.

NOTE 1 These can best be presented as diagrams.

NOTE 2 A list of special tools can be provided, when appropriate.
6.5.2 Capacitor discharge

When the requirements in 4.4.3.4 are not met, the warning symbol ISO 7010-W012 (2011-06)
(see Annex C) and an indication of the minimum discharge time required for discharge under
worst conditions (for example, discharge time 5 min) 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). The symbol shall be explained and
the time required for the capacitors to discharge after the removal of power from the UPS
shall be stated in the installation and maintenance manuals.


https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

IEC 62040-1:2017 EXV © IEC 2017 - 149 -

NOTE The value of the discharge time declared by the manufacturer may cover a range of UPS taking into account
the relevant tolerances for the complete range of UPS.

6.5.3 Auto restart/bypass connection

If a UPS can be configured to provide automatic restart or bypass connection, the installation,
user and maintenance manuals shall contain appropriate warning statements.

A UPS which is set to provide automatic restart or bypass connection, after the removal of
power, shall be clearly identified at the installation.

6.5.4—Cther hazards

The manufacturer shall identify, on the product, in the installation and maintenance-manjuals,
as applicable, any components and materials of a UPS which require special pro€edurgs to
prevent hazards on the product.

6.5.5 Equipment with multiple sources of supply

In adcordance with 4.8, where there is more than one source of supply energizing the UPS,
information shall be provided to indicate which disconnect device @r-devices are requirgd to
be oﬂ?erated in order to completely isolate the equipment.

6.5.101 Battery information for maintenance
6.5.101.1 Labelling on battery

Extefnal battery cabinets or battery compartments_within the UPS shall be provided with the

following, clearly legible information in such a position as to be immediately seen by a sKilled

perspn when servicing the UPS:

a) battery type (lead-acid, NiCd, etc.) and.number of blocks or cells;

b) njominal voltage of total battery;

c) nominal capacity of total battery (optional);

d) warning label denoting an.energy or electrical shock and chemical hazard, and reference
t¢ the maintenance, handling and disposal requirements detailed in the user manual.

Excefption: Pluggable .equipment type A UPS, supplied with internal batteries or| with
separate battery cabinets, intended for location either under or over or alongside the UPS,
conngected by plugs_and sockets for installation by an ordinary person need only be fitted
with the warning.abel (see item d above) on the outside of the unit.

6.5.1/01.2 _Information in instruction manual(s)

6.5.101.2.1 General

The following instructions shall be provided depending on whether the battery is internally or
externally mounted and whether the battery is provided by the UPS manufacturer or by others.
The instructions shall be provided in the user manual or as otherwise described in this
subclause.

a) Internally mounted battery:

— instructions shall carry sufficient information to enable the replacement of the battery
with a suitable recommended type;

— safety instructions to allow access by a skilled person shall be stated in the
installation/service handbook;

— if batteries are to be installed by a skilled person, instructions for interconnections
including terminal torques shall be provided.

The user’s manual shall include the following instructions:
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— servicing of batteries should be performed or supervised by personnel knowledgeable
about batteries and required precautions.

— when replacing batteries, replace with the same type and number of batteries or
battery packs.

b) Externally mounted batteries:

— installation instructions shall state voltage, ampere-hour rating, charging regime and
method of protection required on installation to coordinate with UPS protective
devices, where the battery is not provided by the UPS manufacturer;

— instructions for the battery cells shall be provided by the battery manufacturer.

c) Bxtermatbatterycabimets:

—| External battery cabinet(s) supplied with the UPS shall have adequate installation
instructions to define cable sizes for connection to the UPS if the cabling ig not
supplied by the UPS manufacturer. Where the battery cells or blocks aré ‘not supplied
pre-installed and wired, installation instructions for the battery cells or blocks shall be
provided by the battery manufacturer, if not detailed in the UPS, manufacturer's
installation instructions. Protection against energy hazards shall comply with 4.5.

6.5.101.2.2 Instructions for battery replacement

The yser manual shall inform to what extent, if any, battery maintenance can be performed by
an ordinary person. The UPS construction shall then comply~with 4.11.5 and short-cjrcuit
shall| be prevented (e.g. prevention from terminals shortscircuit when put on a conductive
surface).
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Annex A
(normative)

Additional information for protection against electric shock

A.1 General

Figure A.1 to Figure A.3 show examples of the methods used for protection against electric
shock in protective class Ill equipment and circuits (see 4.4.6.4).

Bl et Basic protection
—_ ] ————— = Protective separation from circuits requiring basic protection

A.2 | Protection by means of DVC As

(see|4.4.2.2)
_________________ I L "o M
v
Pl
Uy 0l U,
i
S & N Qs _
R IEC 122012
Key
U,: hgzardous voltage, earthed or unearthed

: < PVC As from Table 5

Figure A.1 — Protection by DVC As with protective separation
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A.3 Protection by means of protective impedance

(see 4.4.5.4)
[ T T T T T T T T T "
I 7 7 PO —— — |
— b
| | |
I | |
| Ut I ; !
| 7 A | - |
P — L ; '

|
| — N
| ) l
| , I
I RS
I |
N |
IEC 1221/12

Key

VA resistor

U, hazardous voltage, earthed or unearthed

I1<3,4mAa.c.,, 10 mAd.c.

NOTE|] To provide protection in single-fault conditions, use the*¢llowing equation j§ :ﬂ

Figure A.2 — Protection by means of protective impedance
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A.4 Protection by using limited voltages

(see 4.4.5.4)
Z1 E
L]‘1 Z1 E «%
Vo ____._. - N
o
L 3 7 7 i (19
¥ \Qf\‘
v
: | Z Z Uz Q?‘
| i e
e b — . —. T = | kbl 7.._ ;
2
< o
\Q IEC 1222/12
N
%
e &
Z esistor $
.\@
U,: hazardous voltage, earthed A
xO
U, < pVC As from Table 5. c\)jt
N
NOTE| To provide protection in §i@e-fault conditions, use equations: Uy =ﬂ or. Uy = UsZy
@ . ZZ1+22 2(Z1+Z%)
@Cﬁigure A.3 — Protection by using limited voltages
A.5| Eva (&q;n of working voltage and selection of DVC for touch voltage,
P and SELV circuits
A.5.1 A\

In A.4, the selection of DVC for touch voltage and for PELV and SELV circuit is possible
depending on the different body reactions:

— Ventricular fibrillation (AC4 / DC4 of IEC 60479-1)
- Muscular reaction (inability to let go) (AC3 / DC3 of IEC 60479-1)
- Startle reaction (AC2 / DC2 of IEC 60479-1)

NOTE Both “inability to let go reaction” or “muscular reaction” from IEC/TR 60479-5 are related to the same body
reaction.

in combination with the following humidity body skin conditions:

- dry;


https://iecnorm.com/api/?name=81a992a831a3a7e66454f935f3f0333b

- 154 - IEC 62040-1:2017 EXV © IEC

- water wet;

- s
and i

- p
- h
- fi

altwater wet;
n combination with the following surface areas for contact of the touch voltages:

art of the body (nearly 500 cm?2);
and (nearly 80 cm?2);
nger tip (nearly 1 cm?2);

The DVC for touch voltage, as suggested in the Tables A.1, A.2 and A.3, depends on:

2017

- the body reaction (one table for each body reaction);

N
- the body contact area; Q/+

Data

Cond

For &

Q

(@]

Undd

the skin condition. N

itions for selection of DVC for PELV & SELV circuits are given |6596 4.2.

dedicated body reaction, the DVC decreases:

pming from a small contact area to a large contact are \Q/
pming from the dry skin condition to the saltwater \&t@kin condition.

r a dedicated body contact area and a dedica@@wody skin humidity condition, the

dechases coming from a strong body react|on§( entricular fibrillation) to a light

reac

Som

defining any possible DVC for the |

comf

A.5.2

ion (startle reaction).
%
b combinations of a body contact ar ?s\{gnd a body skin humidity condition do not
&

inations, basic protection is re

O

X
Selection of DVC fqr&uch voltage sets to protect against ventricular
fibrillation C)\\

are given for the design of equipment which possibly includes more tl?eﬂpne circuit.

DvVC
body

Bllow

ention of a dedicated body reaction. For these

Tgble A.1 - Selectio&df»touch voltage sets to protect against ventricular fibrillatipn
O
Body contact area

Bddy skin (@) y

hyimidity ‘

cdndition <2_ Part of the body Hand Finger tip
Dry RS DVC A2 DVC A DpvC B

\w
Waterv&, DVC A1 DVC A2 DVC A
AY
Saltwater wet Basic protection against DVC A1 DVC A2
accessibility is required

NOTE

Table A.1 is identical to Table 2.
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A.5.3

Selection of DVC for touch voltage sets to protect against muscular reaction

Table A.2 — Selection of touch voltage sets to protect against muscular reaction

i Body contact area
Body skin
humidity
condition Part of the body Hand Finger tip
Dry Basic protection against DVC A2 DVC A
accessibility is required
Water wet Basic protection against DVC A1 DVC A2
aecesstbittyts—reatired
A
Saltwhter wet Basic p_ro_t_ect_lon ag_amst Basic p_ro_t_ect_lon ag_amst DVC A
accessibility is required accessibility is required |

« v
Q\

A.5.4 Selection of DVC for touch voltage sets to protect against sta{t reaction
Table A.3 — Selection of touch voltage sets to protect aganr@bgartle reaction
v
i Body contact area b
Bddy skin CJ
hlimidity Q/
cdndition Part of the body Hand \ Finger tip
Dry Basic p_ro_t_ect_lon ag_amst Basic p_ro_t_e n ag_amst DVC A2
accessibility is required accessib required
Wated wet Basic p‘ro‘t‘ectllon aggmst Basic \Qﬁctllon aggmst DVC A1
accessibility is required ac ility is required
Basic protection against c protection against Basic protection agaiphst
Saltwater wet G . G . e ;
accessibility is required \\ cessibility is required accessibility is requirgd
N
\Q

A.5.5

done

with

The

The levaluation of the prog;tlve equipotential bonding impedance in 4.4.4.2.2 shqll be

by using the follo igures. The maximum touch voltages values under fault allpwed
are @lepending on re &n of the body, environmental condition and part of the bodly in
contact.

The fpurves ar@vided with a current path way from hand to the contact area of the pody

Determination of voltag%'ymlts for touch voltage under fault condition
depending on protecu&e equipotential bonding impedance

he pers@ tanding up.

;h&t’erm non-recurring touch voltage limits are given in A.5.6 to A.5.8.

A.5.6 Touch time-d.c. voltage zones of ventricular fibrillation

Figures A.4, A.5 and A.6 provide information on the short term non-recurring d.c. touch

voltage limits for protection against ventricular fibrillation.

The figures provide information for acceptable level for part of the body, hand and finger tip

unde

For some combinations no information for time-voltage zone is given and basic protection

r dry, water-wet and salt water wet conditions.

against accessibility is required.
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28V 60V 120V

100 000
10 000 . < L
\ .
—_ \ .
£ 1000 S
g >
= N,
\\
100
N\
N\
\
\
10 I
1 10 100 575V 000
Touch d.c. voltage (V)
—*—Part of the body — —Hand - = = Finger
IEC 1223/12
Figure A.4 — Touch time- d.c. voltage zonles for dry skin condition
22V 28V 60V
100 000 y
|
|
|
10 000 A =
N -
- &
- N [ ~
—_ \N * ~
(2} ~
3 ~_
o| 1000 e
E \\ Y
= N
N
ANA
A\
100 \
‘\
\
N\
1 10 100 575V 1000
Touch d.c. voltage (V)
— Part of the body —= —Hand - * =~ Finger
IEC 1224/12

Figure A.5 — Touch time- d.c. voltage zones for water-wet skin condition
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22V 28V
100 000 —
I
! T
10 000 L. =—
= <
N\
é 1000 -
(0]
£ .
i <
100
X
N
\
10 !
1 10 100 575V 1000
Touch d.c. voltage (V)
— —Hand - * - Finger

NOTE| Figures A.4 to A.6 are identical to Figures 1 to 3.

IEC 1225/12

Figure A.6 — Touch time- d.c. voltage for saltwatér>wet skin condition

A.5.1 Touch time- d.c. voltage zones of muscular’'reaction (inability to let go

reaction)

Figutes A.7, A.8 and A.9 provide informatign on the short term non-recurring d.c.

voltapge limits for protection against muscularreaction.

The figures provide information for acséptable level for part of the body, hand and fing

under dry, water-wet and salt waterawet conditions.

For gome combinations no information for time-voltage zone is given and basic protes

against accessibility is required.

ouch

pr tip

ttion
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28V 60 V
100 000 l
I
|
I
10 000 = =
— ~.
1
> -
KK
1000 \\ A
Bk
\ LY
\\‘
100 \\
N
\
10 *
1 10 100 350V 1 000
Touch d.c. voltage (V)
—#—Hand - A= Finger
IEC | 1226/12
Figure A.7 — Touch time- d.c. voltage zones of dry skin condition
22V 28'V
DO 000 T A
i L]
L
0000 N
~ F
~N
By O
1000 Ny
\\ ‘\
\\ EN
<
A
100 w
N
A}
10 *
1 10 100 30V 1000
Touch d.c. voltage (V)
—#—Hand - 4A- Finger
IEC 1227/12

Figure A.8 — Touch time- d.c. voltage zones of water-wet skin condition
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Figure A.9 — Touch time- d.c. voltage zones of saltwater-wet skin condition
A.5.8 Touch time- d.c. voltage zones for startfe’ reaction

Figutes A.10 and A.11 provide information on the/short term non-recurring d.c. touch voltage
limitd for protection against startle reaction,

The figures provide information for acceptable level for part of the body, hand and finger tip
under dry, water-wet and salt water wei*conditions.

For gome combinations no infofmation for time-voltage zone is given and basic protegtion
against accessibility is required:
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Figure A.10 — Touch time- d.c. voltage zofies of dry skin condition
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Figure A.11 — Touch time- d.c. voltage zones of water-wet skin condition
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A.5.9

Touch time-a.c. voltage zones of ventricular fibrillation

Figures A.12, A.13 and A.14 provide information about the short term non-recurring a.c. touch
voltage limits for protection against ventricular fibrilation.

The figures provide information for acceptable level for part of the body, hand and finger tip
under dry, water-wet and salt water wet conditions.

For some combinations no information for time-voltage zone is given and basic protection
against accessibility is required.
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Figure A.12 — Touch time- a.c. voltage zones for dry skin condition
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Figure A.13 — Touch time- a.c. voltage zones of water-wet skin condition
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Figure A.14 — Touch time- a.c. voltage of saltwater-wet skin condition
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A.5.10 Touch time- a.c. voltage zones of muscular reaction (inability to let go
reaction)

Figures A.15, A.16 and A.17 provide information about the short term non-recurring a.c. touch
voltage limits for protection against muscular reaction.

The figures provide information for acceptable level for part of the body, hand and finger tip
under dry, water-wet and salt water wet conditions.

For some combinations no information for time-voltage zone is given and basic protection

against-accessibiityisroquired-

12v 30V
1do 000 .
i
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2 | o000 e ="
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E \‘ “
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100 N
\
A}
10 A
1 10 100 350 V 1000

Touch a.c. voltage (V)

—®—Hand - A- Finger

IEC 1234/12

Figure A.15 % Touch time- a.c. voltage zones of dry skin condition
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Figure A.16 — Touch time- a.c. voltage zones of water-wet skin condition
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Figure A.17 — Touch time- a.c. voltage zones of saltwater-wet skin condition
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A.5.11 Touch time- a.c.voltage zones for startle reaction

Figures A.18 and A.19 provide information about the short term non-recurring a.c. touch
voltage limits for protection against startle reaction.

The figures provide information for acceptable level for part of the body, hand and finger tip
under dry, water-wet and salt water wet conditions.

For some combinations no information for time-voltage zone is given and basic protection
against accessibility is required.
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Figure A.18 — Totuch time- a.c. voltage zones of dry skin condition
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Figure A.19 — Touch time- a.c. voltage zones of water-wet skin condition

A.6 | Evaluation of the working voltage of.gircuits

A.6.1 General
Detefmination of the working voltage.foy

a.c.r.m.s. (Upc);
- alc. recurring peak (Upcp); and
d

.c. (average)

is dgne with the methed" set out below. Three cases of waveforms are considered as an
exanjple.

Figufes A.20 t@7A¥22 show typical waveforms for the evaluation of working voltage.
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A.6.2 AC working voltage

[

Uncp

Uac

A

IEC 1239/12

/\
N
QO%Q

Figure A.20 — Typical waveform for a.c. working volta

D

The working voltage has an r.m.s. value U, and a recurring peak(@ue Upcp-

| &

The PVC is that of the lowest voltage row of Table 5 for whicQ}@Ah of the following condiftions

are datisfied: s\\
, O
- Uac = UacL Q<<
= Yacp = UncrL 1%
N
Example with values: \\)

%)
Unck39V > is lower than UacL —’@v -—> DVC B

UrncR=91V > is higher than l&@m =71V > DVC C
The fule for determination of DVC,@he voltage is to select the highest DVC.

Resylt: --> this workihg voltage becomes DVC C.
A.6.3 DC working @age

) C O A /\x /

&

IEC 1240/12

Figure A.21 — Typical waveform for d.c. working voltage

The working voltage has a mean value Upc and a recurring peak value Upcp, caused by a

ripple voltage of r.m.s. value not greater than 10 % of Up.

The DVC is that of the lowest voltage row of Table 5 for which both of the following conditions

are satisfied:

- Upc = UpcL
- UDCPS1,17XUDCL
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A.6.4 Pulsating working voltage

A

\
AN B N e

N N N

IEC 1241/12

ripplg voltage of r.m.s. value U, greater than 10 % of Upc. N
are datisfied:
C)COQ/
Ui Ul
AC , Ubc \Q/

<1
UAacL UbcCL g\

& O
QO

UACP §§\
UACPL " 1@ UDCL <1
)
A.7 | Examples of the use of ele&@s of protective measures

Protgction against electric shock\g\gl be achieved by means of:

C
44.4; or
Hnhanced protec@&according to 4.4.5.

Tablg¢ A.4 provid§;&’amples of typical combinations of those measures.

The grade of@%/ation depends on:

- the DVC of the live parts according to Table 5;

Figure A.22 — Typical waveform for pulsating working voltage Q:\‘

The working voltage has a mean value Upc and a recurring peak value Uﬁ/@'§caused

4
The PVC is that of the lowest voltage row of Table 5 for which both oé&g following condi

by a

ftions

pmbination of basic p. cétion according to 4.4.3 and fault protection accordifg to

- the connection of accessible conductive parts to earth by protective equipotential

bonding according to Table 6; and

- non conductive accessible parts.

As an alternative to solid insulation, a clearance according to 4.4.7.4, shown by L, and L, in

Table A.4 may be provided.
In Table A.4, three cases are considered:

Case a):

Accessible parts are conductive and are connected to earth by protective equipotential

bonding.
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Basic insulation is required between accessible parts and the live parts. The relevant

voltage is that of the live parts (see Table A.4, cells 1a, 2a, 3a).

Cases b) and c):

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

Double or reinforced insulation between accessible parts and live parts of DVC C.

relevant voltage is that of the live parts (see Table A.4, cells 1b), 1¢), 2b) and 2c¢)).

The

Supplementary insulation between accessible parts and live parts of circuits of DVC A

r B which are separated by basic insulation from adjacent circuits of DVC
relevant voltage is the highest voltage of the adjacent circuits (see Table A.4, u.d&
b), 3c)).

asic insulation between accessible parts and live parts of circuits of DVG(A which
rotective separation from adjacent circuits of DVC C. The relevant age is th
the live parts (see Table A.4, lower cells 3b), 3c)). ,\.

| The
cells

have
at of
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Table A.4 — Examples for protection against electrical shock

Insulation configuration

Type of insulation

a b c
Accessible Accessible parts Accessible parts conductive, but
conductive parts not conductive NOT connected to earth by
connected to earth protective equipotential bonding

by protective
equipotential

bonding
1. Solid 3 D D A R M
ABMJ AB Z AR ABM Z AB ZM

—_ \ ) VAV
S
2. Totally or

AZ M
partialjy by air S L
clearapce M Z I:|,_LI]A/| 12
A M aumnd I'dl

A A
>
L1 L1
L N
2 -5t - N 2
A ZM . B

N

— Lo
= S — |

3. Injsulationfor |C RC A B M C Rec A Zc
adjacpnt circuits: S C Rc A ZcM

! S Ne——S
Circult A: lower 4_
voltage circuit > I
Circult C: higher

voltage circuit;
DvC ¢

4. Requirements
for agertures in

A A AB , M A
enclopures AN A L
L1 > >
T -~ T T <> T
1
-4
)=

—p
F/ L Lz

A live part L, clearance for basic insulation T test finger (Clauge 12 of
IEC 60529:1989

B  basic insulation for circuit A L, clearance for reinforced Z supplementary insulation for

insulation circuit A

Bc basic insulation for circuit C M  conductive part ZCc supplementary insulation for
circuit C

C adjacent circuit R reinforced insulation for circuit A *  also applies to plastic screws

D double insulation for circuit A Rc reinforced insulation for circuit C F  functional insulation for circuit
A

| insulation less than B S surface of equipment

NOTE 1 In column c) a plastic screw is treated like a metal screw because a user could replace it with a metal screw during
the life of the equipment.

NOTE 2 In row 4, the insertion of the test finger is considered to represent the first fault.

?  Functional insulation is sufficient if the opening is covered during normal operation. It shall not be possible to remove the

cover without the use of a tool or key. If the opening is not covered during normal operation, basic insulation is required.
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A.101

-171 -

Comparison of limits of working voltage

Table A.101 provides a comparison of the steady-state decisive voltage class limits used in
this document to those defined in other standards.

Table A.101 — Comparison of limits of working voltage

Limits of working voltage o
v Decisive voltage Electrical energy Te;:::;(r;r;u\;lgll::t?n
classification source classification ! er o ge
AC AC DC (DVC) (ES) classification
voltage voltage voltage (TNV)
(RMS) (peak) (mean)
UL UaceL UpcL (IEC 62477-1:2012) (IEC 62368-1:2014) (IEC 60950-1:2005)
B 11,3 22 A1
12 17 28 A2
ES1b:n TNV-1f
40 28,3 48 A3
30 42,4 60 A?
q0 71 120 B ES2¢1 TNV-29, TNV-3f
>150 > 71 > 120 C ES3.4
2 DEcisive voltage class DVC A voltage limits are considered for one.circuit only. When more than one DVC A

ijrcuit of the UPS is accessible and the voltage of the two circuitSycan, subject to evaluation, add together
hder single fault condition, the limit is 25 V for AC voltage RNMS

c O

b EPB1 or class 1 voltage limits for AC voltages at frequencies/not/exceeding 1 kHz under normal conditiond, and
abnormal conditions, and single fault conditions of a_cemponent, device or insulation not serving|as a
safeguard. At frequencies greater than 1 kHz, the limjts\for AC voltage RMS increase linearly as a funct{on of
frequency to a maximum of 70 V RMS at frequencies equal to or greater than 100 kHz.

¢ EP2 or class 2 voltage limits for AC voltages at frequéncies not exceeding 1 kHz under normal conditiong, and
abnormal conditions, and single fault conditions. At frequencies greater than 1 kHz, the limits fqr AC
vpltage RMS increase linearly as a function offrequency to a maximum of 140 V RMS at frequencies eqtal to
of greater than 100 kHz.

4 EPB3 or class 3 voltage limits exceed ES2)or class 2 voltage limits.

¢ Vpltage limits of TNV circuits undersnermal operating conditions.

f Qpervoltages from telecommufi¢ations networks and cable distribution systems are possible on TNV-1 and
TNV-3 circuits under normal,operating conditions.

9 Qpervoltages from telecommunications networks are not possible on TNV-2 circuits under normal opefating
conditions.

h EB1 or class 1 valtage limits for a repetitive pulse with an off time of less than 3 s is 42,4 V peak and wi{th an
off time of greater\than or equal to 3 s is 60 V peak.

EB2 or clags"2vvoltage limits for a repetitive pulse with an off time of less than 3 s is 70,7 V peak. For @n off
tilme of greater than 3 s the ES2 voltage limits depend also on the time period that the pulse is on with a Jower

limit of 120 V peak for an on time equal to or greater than 200 ms and an upper limit of 196 V peak for an on
time/equal to or less than 10 ms.

IEC 22200 4.9044
LE=a~anvytvaAviv i py v

4—are not

] E i I Aagi a—f H ] i ] 1 dafi i
e ear—eRergy—Sourees— e vea—rom—ea—tapacor—aRa—Shgre—purSeS—aerhee—

considered here.
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Annex B
(informative)

Considerations for the reduction of the pollution degree

B.1 Introduction

The objective of thls annex is to g|ve an overV|ew of what factors should be conS|dered to

pollufion degree for the equipment.

Q
B.2 | Factors influencing the pollution degree r\(.l’

The {ollowing factors influence the pollution degree:

- Hollution: C)
e| no pollution; \Q/

e| dry non-conductive pollution;
e| dry non-conductive pollution that can become éductive, when moist;

e| conductive pollution. \\

NOTE| Pollution may be external or may be interna&s\generated or present internally at the conclus|on of
manufacturing.

| )
- Moisture: $

e| no or low moisture without con@eqsation;
e[ temporary condensation; \O
e| permanent moisture; ‘\\C)

e| rain or snow.

.

B.3 | Reduction @ﬁluencing factors
O

Following are@e measures that may be applied to reduce the influencing factors.| The
descfibed n@ ures to meet the requirements are only illustrative. There may be pther
poss|biliti

- Co{@ng (see 4.4.7.6);

- IP5X (dust test according to IEC 60529);
- IPX4.. IPX8 depending on the environment.

When hermetically sealing an electrical equipment, it should be ensured that the moisture
level will be at the required low level when resealing the equipment after opening the
enclosure (e.g. for service).
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Annex C
(informative)

Symbols referred to in this document

Table C.1 — Symbols used

, IEC 60417-5019 )
(2011-01) PE conductor terminal 4.443.2,6.3.7.2
ISO 7010-WO001 . .
’ (2011-06) Caution, refer to documentation 4.4.433,4.4.8 6.3.7.2
®
1
IEC 60417-5018 Functional earthing 4463
I— (2011-01) terminal T
IEC 60417-5172 Class Il (double insulated) 4463
(2011-01) equipment T
i f IEC 60417-6042 . ) )
f (2012-05) Caution, risk of electric shock 4.4.9,6.5.2
IEC 60417-5041 .
i SSS R2012-05) Caution, hot surface 46.4.2,6.4.3.4
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Annex D
(normative)

Evaluation of clearance and creepage distances

D.1 Measurement

Clearance and creepage distances shall be evaluated as illustrated in the examples contained
in Examptes Bt1to D14 A

For gaths consisting of parts with different pollution degrees, as for example when ludjng a
cemgnted joint that provides protection type 1 (IEC 60664-3) in a poll glﬂq degree 2

envilonment, the clearance and creepage distances are determined accor to Table 10
and Table 11, using the following rules:

- Ip general a creepage distance may be split in several portlonk dlfferent materials
and/or have different pollution degrees if one of the creepage di es is dimensiongd to
ithstand the total voltage or if the total distance is dmensmr@%ccordmg to the matgerial
hlaving the lowest CTl and the highest pollution degree.

- or creepage distances for functional insulation on P\/\A%nd components assemblgd on
WB, designed for pollution degree 1 and 2, the sum 6& e determining voltages of [each

rt of the path shall not be less than the determml‘% oltage of the circuits involved| The
distances for each portion of the creepage dista @ nder consideration shall comply with
the minimum distances according to Table D. 1

D.2 | Relationship of measurement to Sutlon degree

b\
The 1X" values are a function of poIIutj@egree and shall be as specified in Table D.1. |f the
assofiated permitted clearance is IessA 3 mm, the X value is one third of the clearancg.

Table D.1 agb’dth of grooves by pollution degree

.\\
Pollution degr&e’ X value
\ N mm
CD§‘ 0,25

@QZ 1,0
Q_ 3 1,5
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D.3 Examples

In the Examples D.1 to D.14 below, clearance and creepage distances are denoted as
follows:

Clearance Creepage distance —_—— =
—> [<— <X mm
JEC 269/03
Congition: The path under consideration includes a parallel, divekging or converging-gided

groove of any depth with a width less than X mm.

Rule Creepage distance and clearance are measuréd directly across the grooye as
shown.
Example D«
—» [¢<— > X' mm

/IEC 270/03

Condition: Path under consideration includes a parallel or diverging-sided groove ofl any
depth with a width equal to or more than X mm.

Rule Clearance is the “line of sight” distance. Creepage path follows the contour df the
grooye:

Example D.2
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—> [e— X mm

Condition: Path under consideration includes a V-shaped groove with a width greater than
X mm.
Rule Clearance is the “line of sight” distance. Creepage path follows the contour‘gf the
groove but “short circuits” the bottom of the groove by X mm link.
Example D.3
/IEC "272/03
Congition: Path under consideration includes a rib.
Rule Clearance is the shortest air path overrthe top of the rib. Creepage path fol]lows
the contour of the rib.
Example D.4
< Xmm <Xmm
// //// /
JIEC 273/?/
Condition:<Rath under consideration includes a cemented joint that provides protection of
type 2 with grooves less than X mm wide on each side.
Rule: Clearance is the shortest air path over the top of the joint. Creepage distance is

measured directly across the grooves and follows the contour of the joint.

Example D.5
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<Xmm <Xmm
4_

AARARRRAIY

Condition: Path under consideration includes an uncemented joint or a cemented joint that
provides protection of type 1 with grooves less than X mm wide on each side.

Rule Creepage and clearance path is the “line of sight” distance shown.
Example D.6

>Xmm > Xmm

14

Congition: Path under consideration includes a” uncemented joint or a cemented join{ that
provides protection of type 1 withégrooves equal to or more than X mm wide on

each side.
Rule Clearance is the “line of sight” distance. Creepage path follows the contour gf the
grooves.
Example D.7
> X mm <X mm
—> l«— [——

TEC—270/03

Condition: Path under consideration includes an uncemented joint or a cemented joint that
provides protection of type 1 with a groove on one side less than X mm wide and
the groove on the other side equal to or more than X mm wide.

Rule: Clearance and creepage paths are as shown.

Example D.8
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Condition: Path under consideration includes an uncemented barrier or a cemented joint that
provides protection of type 1 when path under the barrier is less than the path
over the barrier.

Rule Clearance and creepage paths follow the contour under the barrier.

Example D.9

=
]
]

-l o m = = -

ﬁ /IEC 2784

Condition: Path under consideration includes an udcemented or a cemented barrier Wwhen
path over the barrier is less than the pathiunder the barrier.

Rule Clearance is the shortest air path over the top of the barrier. Creepage |path
follows the contour of the barrief¥

Example D.10

p i
—> '4*3Xmm

o
7 V7 7

—] IEC 279/03

|

Condition: Path under consideration includes a gap between head of screw and wall of
recess which is equal to or more than X mm wide.

Rule: Clearance is the shortest air path through the gap and over the top surface.
Creepage path follows the contour of the surfaces.

Example D.11
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Xmm/

a2l

Congition: Path under consideration includes a gap betwe&€en”head of screw and wall of
recess which is less than X mm wide.

Rule Clearance is the shortest air path through*the gap and over the top surface.
Creepage path follows the contour of the Surfaces but “short circuits” the bgttom
of the recess by X mm link.

Examiple D.12

Condition: Path.under consideration includes an isolated part of conductive material.

Rule Clelarance and creepage paths are the sum of d plus D.

Example D.13
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7‘ _ /‘. ..........

///////////////////////%

I Distance through solid insulation

IEC 1218/07

Condition: Path under consideration includes inner layer of PWB.

Rule For the inner layer(s), the distance between adjacent tracks on the same layer is
treated as creepage distance for pollution degree 1 and clearance™as in air|(see
4.4.7.8.4.1).

Example D.14
Inside of equipment \ \Outside of equipment

K™
7 ENCLOSURE.of
} inulating material

Part of ELV circuit or part A /

at HAZARDOUS VOLTAGE N T AP - — -

Test finger

_ // - Fictitious layer
of metal foil

Point of contact

Point of contact

Inaccessible to test finger Accessible to test finger

IEC 1242/12

Point A is used for determining the air gap to a part inside the enclosure.

Point B is used for measurements of clearance and creepage distance from the outside of an
enclosure of insulating material to a part inside the enclosure.

Example D.15 — Example of measurements in an enclosure of insulating material
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Annex E
(informative)

Altitude correction for clearances

Refer to 4.4.7.4.1 in combination with the correction factor from Table E.1 for clearances at
altitudes between 2 000 m and 20 000 m.

Table E.1 — Correction factor for clearances at altitudes between 2 000 m and 20 000 m
Altitude Normal barometric pressure Multiplication factor ~\§
m kPa for clearances Q/

2 000 80,0 1,00 y<\
3000 70,0 1,14 (‘Q
4 000 62,0 120 [N
5 000 54,0 1,48 D¢
6 000 47,0 do”
7
7 000 41,0 P Q 1,95
8 000 35,5 NV 225
A
9 000 30,5 ¢ e) 2,62
-
10 000 26,5 QO 3,02
15 000 12,0 N\ 6,67
20 000 55 14,50
N

Table E.2 — Test voltages fo

X : :
r@rlfylng clearances at different altitudes

%)

AN
)
Impulse voltage Impulse tesblﬁ}tage at Impulse test voltage at Impulse test voltage at
(from Table 9) se el 200 m altitude 500 m altitude
kv \QS') \ kV kv
0,33 O 036 0,36 0,35
0,50 QN 0,54 0,54 0,53
N
0,80 Q) 0,93 0,92 0,90
\
1,50 (§§’ 1,8 1,7 1,7
2,50,\Q~ 2,9 2,9 2,8
4,00~ 4,9 48 47
= -
¢ Jlsloo 7.4 7.2 7.0
\v;z,nn O,R O’R CI,A
12,00 15 14 14
NOTE 1 Explanations concerning the influencing factors (air pressure, altitude, temperature, humidity) with

respect to electric strength of clearances are given in 6.1.2.2.1.3 of IEC 60664-1:2007.

NOTE 2 When testing clearances, associated solid insulation will be subjected to the test voltage. As the impulse
test voltage is increased with respect to the rated impulse voltage, solid insulation will have to be designed
accordingly. This results in an increased impulse withstand capability of the solid insulation.

NOTE 3 Values given above have been rounded from the calculation in 6.1.2.2.1.3 of IEC 60664-1:2007.

The voltage values of Table E.2 apply for the verification of clearances only.
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Annex F
(normative)

Clearance and creepage distance determination for
frequencies greater than 30 kHz

F.1 General influence of the frequency on the withstand characteristics
The [nsulation requirement Tor clearance, creepage and solid /nsulation as mentloned\&
are given for frequencies up to and including 30 kHz. For higher frequencies, a reQ\J_
the withstand capability of any type of insulation needs to be expected and taken |@
for dimensioning. A
'\
For ]requencies greater than 30 kHz and up to 10 MHz, IEC 60664-4 e% to be ap
togefher with IEC 60664-1, for the design of clearance and creepag stances as we
solid|insulation. b‘
Q
This |annex provides detailed information for the design of c &e}&hnce creepage and
insulption based on the requirement from IEC 60664-4. Q/
A
The {ollowing situation needs to be considered for the design:
- cJearance distance for inhomogenous fields (se 2);
- cJearance distance for approximately homoge\@us fields (see F.2.3);
- creepage distance (see F.3); %)
- splid insulation (see F.4). \\,Q

The
inves

F.2

F.2.1

The

the frequency

4.4.7

N

result of the investigation for {Qquencies above 30 kHz shall be compared tg
tigation in 4.4.7 and the great@value of the two investigations shall be chosen.

Clearance C)‘\\Q
General @ ’
withstand volt@ capability within the scope of IEC 60664-4 will only be influence

.4 shall b ed.

capa

For }r}e&y ies exceeding 30 kHz within the scope of IEC 60664-4, the withstand vo

of clearances with homogenous and approximately homogenous field distrib

&eriodic voltages. For transient overvoltages, dimensioning according to

h.4.7
bn of
¢ount

plied
Il as

solid

the

d by

tage
ution

roadd FEEEEN l-n ’)E 0/

can lbereaueeatby+o

The requirement for clearance will depend on the field distribution of the insulation under
investigation. F.2.2 will give the requirement for clearance distance for inhomogenous fields
and F.2.3 provides design criteria for clearance distance for approximately homogenous
fields.

For frequencies exceeding 30 kHz, an approximately homogeneous field is considered to exist
when the radius of curvature r of the conductive parts is equal or greater than 20 % of the
clearance. The necessary radius of curvature can only be specified at the end of the

dime

nsioning procedure.

The result of the investigation of clearance for frequencies above 30 kHz shall be compared
to the investigation in 4.4.7.4 and the greater value of the two investigations shall be chosen.
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Fundamental frequency of working

voltage above 30 kHz

Clearance

Clehrance determined according to

pulse voltage or temporary
overvoltage in 4.4.7.4

F.2.2

For

inhomogeneoug)field distribution,

Approximately homogeneous field
conditions according
to IEC 60664-4: 2005

Inhomogeneous field condition
according to
IEC 60664-4: 2005

Increase of the clearance determined
from working voltage in 4.4.6.4 with
factor according to table F.2,

Clearance from table F.1
based on the recurring
peak of the working voltage

Minimum clearance is the
greater of.these values

Figure F.\<-Diagram for dimensioning of clearances

Clearance for inhomogenous fields

equencies exc¢eeding 30 kHz, an inhomogeneous field is considered to exist whe
radids of curvatlixe of the conductive parts is less than 20 % of the clearance.
the reduction of the withstand voltage capabilif

clearances can be much higher.

Dimgnsioning for inhomogeneous field distribution is done for the required withstand vo

of th

requirement in 4.4.7 is required.

IEC 13

43/12

h the
For
y of
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Table F.1 — Minimum values of clearances in air at atmospheric pressure for
inhomogeneous field conditions (Table 1 of IEC 60664-4:2005)

2017

The

distri

F.2.3

For g

Tabl¢ 10, where the clearance is determi
e (column 2 or 3), is increased by a
ency. The multiplication factors aresi

volta
frequ

Peak voltage ? Clearance
kV mm
<0,6b 0,065
0,8 0,18
1,0 0,5
1,2 1,4
1,4 2,35 A
1,6 4,0 ~\~
1,8 6,7 ,\Q/
2,0 11,0 ‘]9'\
a For volt.ages between the values stated in this table, interpolatiq(,
is permitted. Q,
b No data is available for peak voltages less than 0,6 kV. (\b‘

Q.
O
3

N

Himensioning for inhomogeneous field and high voltag
impractical distances. It is therefore preferable to choéQ
pution (approximately homogeneous field distributi@p

4\

o
ss (>1 kV condition) lea
a design improving the

Clearance for approximately homogerx@%elds

learance with approximately homogenous“ﬁ?lds conditions the clearance found in
on the working voltage or recurring
Itiplication factor depending on the fundam
icated in Table F.2.

Table F.2 — Multiplication fa@;rs for clearances in air at atmospheric pressure

for appro ately homogeneous field conditions
AN
Func}‘ar?\ental frequency Multiplication factor
\ . kHz
L N
N\
O 30 <ffundamental = 500 1‘05
. 500 <ffundamental <1000 1,10
1000 < ft,ngamental < 2 000 1,20
2000 < fi ndamental < 3 000 1,25

ds to
field

table
peak
ental

NOT

1 The multiplication factors are determined based on calculations as per [EC 60664-4:2005, 4.3.3. More
precise calculation can be determined using the equation in IEC 60664-4:2005, 4.3.3.

NOTE 2 Circuits where the clearance is designed based on the impulse withstand voltage (Table 10, column 1),
will normally not be affected by these considerations.

The dimensioned clearance, for approximately homogenous field conditions, is applicable for
frequencies above the critical frequency calculated by means of following equation taking into
account the new distance from Table F.2:

0,2

Serit z?(

MHz
mm
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F.3 Creepage distance

For frequencies of the voltage greater than 30 kHz, in addition to tracking, thermal effects
need to be taken into account with respect to the withstand capability of creepage distances.
Dimensioning is performed both for the required r.m.s. withstand voltage of the creepage
distance according to the values in Table 11 and for the required peak withstand voltage
according to the values in Table F.3. This peak withstand voltage is the highest value of any
periodic peak of the voltage across the creepage distance. The greater of the distances is
applicable. The dimensioning according to Table F.3 is applicable for all insulating materials
which can deteriorate due to thermal effects. This includes typical base materials for printed
circuit boards made from epoxy resin. For materials which cannot deteriorate due to thermal
effecfs and where no tracking needs to be expected, dimensioning according to the clearance
requirements, as described in 4.4.7.5, is sufficient. Q:\_
X\

Fundamental frequency of ('19
working voltage above 30 kHz r\ .

&
Croopae &C’
<< o
&
N
\$,§@
R\

GQQpage distance according to
ble F.3 based on the recurring
\C) peak of the working voltage

.
O® IEC 1244/12

F%@F.Z — Diagram for dimensioning of creepage distances

N
ry
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