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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROTECTION AGAINST ELECTRIC SHOCK -
COMMON ASPECTS FOR INSTALLATION AND EQUIPMENT

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all

inte
this
Tec

Pubjication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inf
in the subject dealt with may participate in this preparatory work. International, governmental ap

gov

withl the International Organization for Standardization (ISO) in accordance with conditions determ
agr¢ement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as neagly as possible, an inter

con
inte

3) IEC

Conmpmittees in that sense. While all reasonable efforts are made to €nsure that the technical content
Publications is accurate, IEC cannot be held responsible for the(way in which they are used or

mis

4) In drder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
transparently to the maximum extent possible in their natienal and regional publications. Any div
between any IEC Publication and the corresponding national‘or regional publication shall be clearly indi

the

5) IEC
ass
ser

6) Al
7) No

members of its technical committees«and 1EC National Committees for any personal injury, property dai
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe

exp

Publications.

8) Attegntion is drawn to the Normative references cited in this publication. Use of the referenced publicg

indi

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

This redline-version of the official IEC Standard allows the user to identify the ch

made
has b

romote

tional 1 trat o 1 Banadtt VAl =fal Naticonal - Caranaitt AY Ik b t3 £ 1o i L3
ratoar—ereetroteenttear—eommitees—(= retHOaT HARHtee S —rm et L — 50

national co-operation on all questions concerning standardization in the electrical and electronic fig
end and in addition to other activities, IEC publishes International Standards, Technical Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referréd~to g

ernmental organizations liaising with the IEC also participate in this preparation. IEC. collaborates

sensus of opinion on the relevant subjects since each technical commitiee* has representation
ested IEC National Committees.

Publications have the form of recommendations for international us€_ and are accepted by IEC |

nterpretation by any end user.

atter.

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

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

iability shall attach to IEC or its directors, employees, servants or agents including individual exp4g

bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any ot

Epensable for the correct application of this publication.
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International Standard IEC 61140 has been prepared by IEC technical committee 64:
Electrical installations and protection against electric shock.

This fourth edition cancels and replaces the third edition published in 2001 and
Amendment 1:2004. This edition constitutes a technical revision.

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

a) Introduction of the content of IEC 60449
b) Better distinction between provisions and measures

c) Cdgnsideration of effects other than ventricular fibrillation

d) Additional protection was introduced

e) ELV defined as part of LV

f) Dgvices suitable for isolation required for automatic disconnection of supply (LV)

g) Regquirements relating to current in the protective conductor were moyved to the main body
of the standard

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

FDIS Report onxoting
64/2076/FDIS 64/2091/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
It has [the status of a basic safety publication in accordance with IEC Guide 104.

The re¢ader's attention is drawn(_to the fact that Annex C lists all of the “in-some-cquntry”
clausgs on differing practicés)of a less permanent nature relating to the subject o¢f this
standard.

The cpmmittee has decided that the contents of this publication will remain unchangefl until
the stability date_indicated on the IEC website under "http://webstore.iec.ch" in thg data
relatedl to the spécific publication. At this date, the publication will be

e re¢onfirmed,

e withdrawn,

o 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 publication using a colour printer.



https://iecnorm.com/api/?name=bdd15c2ad1a69b2048496c30c84bc5b5

IEC 61140:2016 RLV © IEC 2016 -7-

NFROBUGHON

PROTECTION AGAINST ELECTRIC SHOCK -
COMMON ASPECTS FOR INSTALLATIONS AND EQUIPMENT

1 Scope

This lnternational Standard is a basic enfnfy publication primarily intended for use by

technical committees in the preparation of standards in accordance with the principlgs laid
down |n IEC Guide 104 and ISO/IEC Guide 51.

It is n¢t intended to be used as a stand-alone standard.

Accordling to IEC Guide 104, technical committees, when preparing, amending, or rgvising
their gublications, are required to make use of any basic safety publication such as IEC |61140.

This International Standard applies to the protection of persons and-animals livestock dgainst
electric shock. The intent is to give fundamental principles<and requirements whigh are
commpn to electrical installations, systems and equipment of\necessary for their coordipation,
withodt limitations with regard to the magnitude of thé&, voltage or current, or the type of
current, and for frequencies up to 1 000 Hz.

vpitage

NOTE |Some clauses in this standard refer to low-voltage and high-voltage systems,
installations and equipment. For the purposes of this standard, low-voltage is any| rated
voltage up to and including 1 000 V a;¢Zor 1 500 V d.c.. High voltage is any rated vpltage
exceefding 1 000 V a.c. or 1 500 V d.c..

It sholild be noted that, for an efficient design and selection of protective measures, the type
of volfage that may occurland its waveform needs to be considered, i.e. a.c. or d.c. vgltage,
sinusqidal, transient,phase controlled, superimposed d.c., as well as a possible mixture of
these |[forms. The installations or equipment may influence the waveform of the voltagg, e.g.
by inverters or conwerters. The currents flowing under normal operating conditions and|under
fault cpnditions~depend on the described voltage.

2 Noprmative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.
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IEC 60038, IEC standard voltages

IEC 60068 (all parts), Environmental testing

IEC 60071-1:4993, Insulation coordination — Part 1: Definitions, principles and rules

IEC 6

071-2:4998, Insulation coordination — Part 2: Application guide

IEC ¢
Select
protegd

0364-5-54:4980 2011, Low-voltage electrical installations+ef—buildings — Part
ion and erection of electrical equipment —Chapter—84; Earthing arrangement
tive conductors

IEC 6
(availe

417, Graphical symbols for use on equiptent
ble at http://www.graphical-symbols.info/equipment)

IEC 60445, Basic and safety pririgiples for man-machine interface, marking and identiffcation
— Ideritification of equipment teximinals, conductor terminations and conductors
IEC_480446-1990 Bacine \and cafotv nrincinles for man-machine  interface markint—and
e A ] HUOTOR Y OoUTe Ly — pTriiToToTeo—1TUT LRRACEERREEAC A4 RLLEA AN LE LA LA A ] REEAEEALEES AN LAl
N Ao dontifidal A ! !

IEC T 60479-1+1994 2005, Effects of current on human beings and livestock — Rart 1:
General aspects

IEC TR 680479-5, Effects of current on human beings and livestock — Part 5: Touch violtage
thresholdwalues for physiological effects

IEC 60529:4989, Degrees of protection provided by enclosures (IP Code)

IEC 60664 (all parts), Insulation coordination for equipment within low-voltage systems

IEC 60664-1:4992 2007, Insulation coordination for equipment within low-voltage systems —

Part 1

: Principles, requirements and tests

IEC 60721 (all parts), Classification of environmental conditions
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IEC 60990:4999, Methods of measurement of touch current and protective conductor current

IEC TS 61201:4992 2007 ,-Extra-low-voltage(ELV)—Limitvalues Use of conventional touch

voltage limits — Application guide

IEC 62271-102, High-voltage switchgear and controlgear — Part 102: Alternating current
disconnectors and earthing switches

IEC Guide 104:4997, The preparation of safety publications and the use of basic safety
publications and group safety publications

ISO/IBC Guide 51:4999 2014, Safety aspects — Guidelines for their inclusion in standards

3 Térms and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE |An index of definitions is given in Annex B.

3.1
electrjc shock
physiglogical effect resulting from an electric current through a human—er—animal bedy or
livestqck

Note 1 fo entry: Physiological effects include, for example, petception, muscular contractions and tetany, {ifficulty
in breathing, disturbances of heart function, immobilization,,cardiac arrest, breathing arrest, burns or other|cellular
damagq.

Note 2 jo entry: Physiological effects resulting from EMF are not considered in this standard.

[SOURCE: IEC 60050-195:1998, 195-01<04, modified — "through a human body or livelstock"
replaces "passing through a human or ahimal body"; addition of 2 Notes to entry]

3.1.1
basic|protection
protegtion against electric,shock under fault-free conditions

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

NOTE |For low-volia
NOHE—FOHOW-Voia

rotection-aenerallhycorresponds—to
Fot genefrahy-corresponas—to

foV
prprectoh

3.1.2
fault protection
proteimng’ i i i iti

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-06-02]

3.1.3

additional protection
protection against electric shock in addition to basic protection and/or fault protection

[SOURCE:IEC 60050-826:2004, 826-12-07, modified — “protection against electric shock”
replaces “protective measure”]
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3.14

single fault condition

condition in which one means for protection against electric shock is defective or one fault is
present which could cause a hazard

Note 1 to entry: If a single fault condition results in one or more other fault conditions, all are considered as one
single fault condition.

3.2
{electric) circuit
arrangement of devices or media through which electric current can flow

44 o4
EI‘EH’\JI A R |

Note 1 jo entry: See also IEC 60050-826:2004,-826-05-04 826-14-01 for electrical installations of bildings.

3.3
{electfical) equipment
item used for such purposes as generation, conversion, transmission,-stgsage; distribution or
utilization of electric energy, such as electric machines, transformers,—apparatus; swit¢ghgear

and controlgear, measuring instruments, protective devices,-accessoriesforwiring—sy$tems;
apphapees wiring systems, current-using equipment

[SOURCE: IEC 60050-826:2004,-826-07-04modified 826-16:01]

3.4
live part
conduptor—or conductive part intended to be,energized in normal—eperation conditions,
includ|ng a neutral conductor or mid-point conductor, but by convention not a PEN conductor
or PEM conductor or PEL conductor

Note 1 fo entry: This concept does not necessarily;imply a risk of electric shock.
STE4A F finiti ¢ PEM pE £\ 195-02-12 05-02-14_
[SOURCE: IEC 60050-195:1998;,195-02-19, modified — “...normal conditions, including a

neutrdl conductor or mid-poin{>conductor” replaces “normal operation, including a neutral
conduftor..”]

3.5
hazarfous-live-part
live pgrt which, under certain conditions, can give a harmful electric shock

Note 1 [o entryi=In case of high voltage, a hazardous voltage may be present on the surface of solid insuldtion. In
such a fase'thé surface is considered to be a hazardous-live-part.

A A oo o oo
[SOURCEEEC66656-195-1556;

3.6

exposed-conductive-part

conductive part of equipment, which can be touched and which is not normally live, but which
can become live when basic insulation fails

Note 1 to entry: A conductive part of electrical equipment which can become live only through contact with an
exposed-conductive-part which has become live, is not considered to be an exposed-conductive-part itself.

[SOURCE: IEC 60050-195:1998, 195-06-10]
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3.7

extraneous-conductive-part
conductive part not forming part of the electrical installation and liable to introduce an electric
potential, generally the electric potential of a local earth

[SOURCE: IEC 60050-195:1998, 195-06-11]

3.8
touch

3.8.1

voltage

(effective) touch voltage
voltage between conductive parts when touched simultaneously by a—person—or—an—pnimal

huma

Note 1
person

[SOURCE: IEC 60050-195:1998, 195-05-11, modified — “by a human or livestock” replac
a pergon or an animal’]

3.8.2

prosp
voltag

not beling touched, by a-persen-eran-animal human or livestock

[SOURCE: IEC 60050-195:1998, 195-05-09, modified= “by a human or livestock” replac
a person or an animal’]

3.9
touch
electri

touchgs one or more accessible parts.of an installation or of equipment

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-05-21, modified — “through livg
replaces “through an animal body”]

3.10

insulgtion

set of properties wRich characterize the ability of an insulation to provide its function

Note 1

Note 2

or livestock

o entry: The value of the effective touch voltage may be appreciably influenced by the impedanc
pr the-animal livestock in electric contact with these conductive parts.

lective touch voltage
e between simultaneously accessible conductive parts‘when those conductive pa

current
c current passing through a humag’ body or through-an—-animal-bedy livestock w

o entry:  \Examples of relevant properties are: resistance, breakdown voltage.

o entry: Insulation can be a solid, a liquid or a gas (e.g. air), or any combination.

b of the

es “by

ts are

es “by

hen it

stock”

[SOURTETTETC 60050-151:200T, 15 T-15-42, modiiied — Note 2 10 entry added|]

3.10.1
basic

insulation

insulation of hazardous-live-parts which provides basic protection

Note 1 to entry: This concept does not apply to insulation used exclusively for functional purposes.

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

3.10.2

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

[SOURCE: IEC 60050-195:1998, 195-06-07]
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3.10.3
double insulation
insulation comprising both basic insulation and supplementary insulation

[SOURCE: IEC 60050-195:1998, 195-06-08]

3.10.4

reinforced insulation

insulation of hazardous-live-parts which provides-a-degree-of protection against electric shock
equivalent to double insulation

Note 1 [fo entry: Reinforced insulation may comprise several layers which cannot be tested singly,ap basic
insulatipn or supplementary insulation.

[SOURCE: IEC 60050-195:1998, 195-06-09, modified — ..provides “a degree” of ...\\delefed]

3.11
non-cpnducting environment
provisjon whereby a-persen-oran-animal human or livestock touching an“exposed-condulictive-
part that has become hazardous-live is protected by the high impedance of his environment
(e.g. insulating walls and floors) and by the absence of earthed conductive parts

[SOURCE: IEC 60050-195:1998, 195-06-21, modified — “animal” replaced by “livestock”]

3.12
(electfically) protective obstacle
part preventing unintentional-direct contact by a human or livestock with a live part, Qut not
preventing-direct such contact by deliberate action

[SOURCE: IEC 60050-195:1998, 195-06-16y modified — "direct contact" replaced by "cgntact”
and "Hy a human or livestock with a liveipart”.. introduced]

ST Ipi . i iR IEV 195 95,03

3.13
(electfically) protective barrier
part providing protection.against-direct contact by a human or livestock with a live paift from
any ugual direction of access

[SOURCE: IEC 60050-195:1998, 195-06-15, modified — "direct contact" replaced by "cqntact"
and “gy a humaiior livestock with a live part” ... introduced]

oTE b . F' inIEV.195-06-03.

3.14
(electrically) protective enclosure

electrical enclosure surrounding internal parts of equipment to prevent access to-hazardous- a
live-part from any direction

Note 1 to entry: In addition, an enclosure generally provides protection against internal or external influences, e.g.
ingress of dust or water or prevention of mechanical damage.

[SOURCE: IEC 60050-195:1998, 195-06-14, modified — "hazardous live-parts" replaced by "a
live-part" and Note 1 to entry added]

3.15

arm's reach

zone of accessibility to touch extending from any point on a surface where persons usually
stand or move about to the limits which a person can reach with the hand, in any direction,
without assistance
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[SOURCE: IEC 60050-195:1998, 195-06-12]

3.16

equipotential bonding

provision of electric connections between conductive parts intended to achieve
equipotentiality

Note 1 to entry: The effectiveness of the equipotential bonding may depend on the frequency of the current in the
bonding.

[SOURCE: IEC 60050-195:1998, 195-01-10, modified — Note 1 to entry added]

3.16.1
prote¢tive-equipotential-bonding |
equipgtential bonding for the purposes of safety (e.g. protection against electric shock)

Note 1 fo entry: Functional equipotential bonding is defined in IEC 60050-195:1998, 195-01-16-

[SOURCE: IEC 60050-195:1998, 195-01-15, modified — “(e.g. protection against €lectric
shock)” introduced and Note 1 to entry added]

3.16.2
equipptential bonding terminal
terminfal provided on equipment or on a device and intended for the electric connection with
the equipotential bonding system

[SOURCE: IEC 60050-195:1998, 195-02-32]

3.16.
prote¢tive bonding terminal
terminfal intended for protective-equipotential-bonding purposes

3.16.
prote¢tive conductor,-PE
conduptor provided for purposes of safety, for example protection against electric shock

[SOURCE: IEC 60050-19551998, 195-02-09]

3.16.
PE cojnductor
protegtive conduyetor provided for protective earthing

[SOURGEMEC 60050-195:1998, 195-02-11, modified — term title changed]

3.16.6

PEN conductor

conductor combining the functions of both a protective earthing conductor and a neutral |
conductor

[SOURCE: IEC 60050-195:1998, 195-02-12-medified]

3.16.7

PEM conductor

conductor combining the functions of both a protective earthing conductor and a mid-point
conductor

[SOURCE: IEC 60050-195:1998, 195-02-13]
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3.16.8

PEL conductor

conductor combining the functions of both a protective earthing conductor and a line
conductor

[SOURCE: IEC 60050-195:1998, 195-02-14]

3.16.9
protective bonding conductor
protective conductor provided for protective-equipotential-bonding

[SOURCE: [EC 60050-195:1998, 195-02-10]

3.16.10

line cpnductor

DEPRECATED: phase conductor (in AC systems)
DEPRECATED: pole conductor (in DC systems)
conduptor which is energized in normal operation and capable of\&ontributing {o the
transnpission or distribution of electric energy but which is not a neutrahotr mid-point congluctor

[SOURCE: IEC 60050-195:1998, 195-02-08]

3.16.11
neutral conductor
conduftor electrically connected to the neutral pointh\and capable of contributing fo the
distribution of electric energy

[SOURCE: IEC 60050-195:1998, 195-02-06]

3.17
earth
NOTE{The- Concept-Earth"means embracing the planet and all its physical matter

3.171
earth (verb)

ground (verb) (US)
to mgke an electrical_sonnection between local earth and a given point in a system,
installption or equipmeht

Note 1 jo entry: The '€onnection to local earth may be:
— intgntional; ofr
— uniptentjenal; or

— acdidéntal

and may be permanent or temporary.

3.17.2

reference earth

reference ground (US)

part of the Earth considered as conductive, the electric potential of which is conventionally
taken as zero, being outside the zone of influence of any earthing arrangement

[SOURCE: IEC 60050-195:1998, 195-01-01, modified — Note deleted]
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3.17.3
(local) earth
(local) ground (US)

part of the Earth which is in electric contact with an earth electrode and the electric potential

of which is not necessarily equal to zero
[SOURCE: IEC 60050-195:1998, 195-01-03]

3.17.4

earth electrode
ground electrode (US)

condugtiv

coke, |n electr|c contact W|th the Earth

[SOU

3.17.5

and equipment

Note 1 |to entry: This could be a locally limited“arrangement of interconnected earth electrodes on th
voltage|side.

[SOURCE: IEC 60050-195:1998,-195-02-20, modified — Note 1 to entry added]

3.17.
prote¢tive earthing

protegtive grounding (US)

earthing a point or,_peints in a system or in an installation or in equipment for purpo
electrical safety

[SOURCE: _IE€ 60050-195:1998/AMD1:2001, 195-01-11]

ete or

given

e high-

5es of

3.17.8

functional earthing
functional grounding (US)

earthing a point or points in a system or in an installation or in equipment for purposes other

than electrical safety

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-01-13]
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3.18
automatic disconnection of supply

interruption of one or more of the line conductors effected by the automatic operation of a

protective device in the event of a fault

Note 1 to entry: This does not necessarily mean an interruption in all conductors of the supply system.

[SOURCE: IEC 60050-195:1998, 195-04-10, modified — “in the event of a fault” replaces “in

case of a fault” and Note 1 to entry added]

3.19

enha i ision

protegtive provision having a reliability of protection not less than that provided\b
indepgndent protective provisions

3.20

(condlr;lctive) screen
(conduictive) shield (US)
conduftive part that encloses or separates electric circuits and/or conduetors

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-02-38]

3.21
(electfically) protective screen

(electtlically) protective shield (US)
conduptive screen (shield) used to separate an ‘electric circuit and/or conductors
hazardlous-live-parts

[SOURCE: IEC 60050-195:1998/AMD1:20014,495-06-17]

3.22
(electfically) protective screening

(electiically) protective shielding (US)

separation of electric circuits. or* conductors from hazardous-live-parts by an elec
ive screen—(shield) connected to the protective-equipotential-bonding syster
d to provide protection against electric shock

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-06-18]

3.23
simplg¢ separation

separation-between electric circuits or between an electric circuit and local earth by me
basic |nsulation

y two

from

rically
h and

ans of

[SOURCE: IEC 60050-826:2004, 826-12-28]

3.24
(electrically) protective separation
separation of one electric circuit from another by means of:

— double insulation; or
— basic insulation and electrically protective screening (shielding); or
— reinforced insulation

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-06-19]
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3.25

(electrical) separation
protective measure in which—a—circuit-that-is hazardous-live-parts—is are insulated from all
other electric circuits and parts, from local earth and from touch

[SOURCE: IEC 60050-826:2004, 826-12-27]

3.26
extra-low voltage
(ELV}

3.26.1
SELV
electri

— un
— un
Note 1

[SOUF

3.26.2
PELV
electri
— un

— un

Note 1

[SOUR

3.27
proteq
proteg
and f3

aintained indefinitely under specified conditions of external influences

system
cal system in which the voltage cannot exceed-ELV the value of extra-lew voltage

Her normal conditions and

Her single fault conditions, including earth faults in other electric circuits

o entry: SELV is the abbreviation for safety extra-low voltage.

RCE: IEC 60050-826:2004, 826-12-31]

system
cal system in which the voltage cannot exeeed-ELV the value of extra-low voltage

Her normal conditions and

Her single fault conditions, exceptiearth faults in other electric circuits

o entry: PELV is the abbreviatign-for protective extra-low voltage.

RCE: IEC 60050-826:2004, 826-12-32]

ttion by limitation of steady-state touch current and electric charge

Aen-h

[SOURGCE;TEC 60050-826:2004, 826-12-34, modified — "steady-state current" replag

zardous levels

tion against electric shock by electric circuit or equipment design so that under 1
ult conditions the steady-state-touch current and electric charge are limited to b¢low a

mitted

ormal

ed by

" otqtg t h h |
steady-statetouch-current

3.28

limited-current-source
device supplying electrical energy in an electric circuit

— with protective-separation from hazardous-live-parts, and

— which ensures that the steady-state touch current and charge are limited to non-hazardous
levels, under normal and fault conditions
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3.29

protective impedance device

component or assembly of components-the whose impedance and construction-ef-which-are
such-as-to-ensure-that limit steady-state-touch current and electric charge-are-timited to non-
hazardous levels

[SOURCE: IEC 60050-826:2004, 826-12-35, modified — “are intended to” limit ... deleted]

3.30
(electrically) skilled person
person with relevant education and experience to enable him or her to perceive risks and to

H ] Jorirad 1 FILTY n
aVOId Iddius WITICTT TITULIUILY Ldadll LIcalc

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-04-01]

3.31
(electfically) instructed person
persof adequately advised or supervised by electrically skilled personsyte enable him jor her
to pergeive risks and to avoid hazards which electricity can create

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-04-02]

3.32
ordinIry person
persof who is neither a skilled person nor an instructéd“person

[SOURCE: IEC 60050-195:1998, 195-04-03]

3.33
step Voltage
voltage between two points on the Earth's surface that are 1 m distant from each other

Note 1 fo entry: 1 m is considered to be the stride length of a person

[SOURCE: IEC 60050-195:1998, 195-05-12, modified — “, which is considered to be the|stride
length| of a person” ...deleted and Note 1 to entry added]

3.34
potential grading
contro] of the earth-potential, especially the earth surface potential, by means of earth elecf{rodes

3.35

danggr.zone
in theqmnmmmS-live-

parts without complete protection-against-direct-contact

Note 1 to entry: Entering the danger zone is considered the same as touching hazardous-live-parts.

3.36
leakage current
electric current in an-uawanted unintended conductive path under normal-eperating conditions

[SOURCE: IEC 60050-195:1998, 195-05-15, modified — "unintended" replaces "unwanted"]
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3.37

stationary equipment

fixed equipment or electric equipment not provided with a carrying handle and having such a
mass that it cannot easily be moved

Note 1 to entry:

The value of this mass is minimum 18 kg in IEC standards relating to household appliances.

[SOURCE: IEC 60050-826:2004, 826-16-06, modified — "minimum" added to Note 1 te.&
3.38

prote¢tive conductor current

electric current-which—flows appearing in a protective conductor, such as‘leakage curn
electric current resulting from an insulation fault

{see-3 2 of IEC B60990)

[SOURCE: IEC 60050-826:2004, 826-11-21]

3.39

system

set of|interrelated elements considered in a defined“Context as a whole and separate

their gnvironment

htry]

ent or

i from

NOTE
NI+

organiz

S
S
[SOUR

3.40

(elect
assen
specif]

[SOUH
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RCE: IEC 60050-351:2013,354-4+4-014 351-42-08, modified — Notes deleted]

Fical) installation
C-sEsesc-orf puUrposes—cac-havringceeerdinated choractoristies

RCE: IEC©0050-826:2004, 826-10-01]

STEMS

TVt

bly of associated’ electrical equipment having coordinated characteristics to {fulfil=a

isolat

on

function intended to disconnect and maintain for reasons of safety adequate clearance from

every

3.42

source of electric energy

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

3.43
electr

ic burn

burning of the skin or an organ caused by an electric current along its surface or through it

[SOURCE: IEC 60050-195:1998, 195-03-01]
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3.44
protective provision
independent provision intended to protect against electric shock under specified conditions

Note 1 to entry: The provision may be a means or technique or device or process.

3.45
protective measure
appropriate combination of protective provisions for protection against electric shock

4 Fundamental rule of protection against electric shock

4.1 General

Electrlc shock is defined as the physiological effect resulting from an electric cunrent passing
through a human body or livestock. The physiological effect might be larmful (such as
ventrig¢ular fibrillation, burns, asphyxiation), see 4.2 to 4.5, or non-harmful (such as muscular
reacti¢n, perception), see 4.6.

Hazarfous-live-parts shall not be accessible and accessible-conductive-parts shall pot be
hazardous live either:

— unfder normal conditions (operation in intended use, seé 3.6 of ISO/IEC Guide 51(2014,
anfd absence of a fault); or

— unfer single-fault conditions{see-alse-2.8 of IEC Suide-104).

NOTE-} The accessibility rules for ordinary persons—may,candiffer from those for skilled or instructed persons
and-majs can also vary for different products and locations.

NOTE-$ For high-voltage installations, systems and equipment, entering the danger zpne is
considered the same as touching hazardous-live-part.

Protegtion under normal conditions(see 4.2) is provided by basic protection. Protection|under
singletfault conditions (see 4.3)lis provided by fault protection. Additional protecfion is
specifled as part of a protectivesneasure (see 4.4), where applicable.

Enhanced protective provisions (see 4.3.3) provide protection under both normal and single-
fault cpnditions.

4.2 Normal conditions

To mget thefundamental rule for protection against electric shock under normal condjitions,
basic protection, as specified in this standard, is necessary.

The r quirements 101 provisions 10r DasIC protection dre givern in o.Z£.

In order to provide requirements for installations and for equipment, the following bands are
specified:
e High voltage (HV)

where protection against electric shock is ensured by special measures, in particular
earthing arrangements.

e Low voltage (LV)

where protection against electric shock is ensured by basic protection and in general also
fault protection.

Extra-low-voltage (ELV) is a part of the LV band.
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When ELV is applied, fault protection may not be needed, and under certain conditions
basic protection is provided by limitation of voltage. These conditions include contact area,
moisture, voltage, current, and others defined for particular applications.

Table

1 specifies the different voltage limits for the above mentioned bands.

The values in Table 1 are based on the following conditions:

e a.c. systems:

for earthed systems by the r.m.s. values of the voltages between line and earth and

between lines;

The u

differgnt environmental and contact situations as described in [IEC TS 60479-1 cause di

valueq
taken
comm

d.c. mlight be necessary for theirspecific standard.

4.3
4.3.1
Single

ca
fai

for isolated or not effectively earthed systems, by the r.m.s. value of the\y
between lines.

. systems:

lines;

for isolated or not effectively earthed systems, by the value of)the voltage bsg
lines.

Table 1 — Limits for voltage bands

Voltage band a.c. d.c.
HV >100QV >1500V
Kr 000 V <1500V
LV
ELV <50V <120V

bper limit of ELV of 120 V d.c. has for\ntany years been agreed by convention. Ho

of touch current, for a given voltage. Also the waveform of the current and th
through the body strongly, (nfluences the level of danger. Therefore, teg
ttees are requested to congider very carefully whether an ELV value less than

Single-fault conditions
General
faults shall be considered, if they would

Ise an-accessible, non-hazardous-live-part to become a hazardous-live-part (e.qg.
ureto limit the steady-state touch current and charge); or

pltage

for earthed systems by values of the voltages between line and earhr and bgtween

tween

vever,
ferent
b path
hnical
120 V

due to

ca

se’an accessible conductive part which is not live under normal conditions to bec|

me a

hazardously hazardous-live-part (e.g. due to failure of basic insulation to exposed-
conductive-parts); or

enclosure®).

cause a hazardous-live-part to become accessible (e.g. by mechanical failure of an

To meet the fundamental rule under single-fault conditions, fault protection, and in certain

cases

af

additional protection, is necessary. This protection can be achieved by

urther protective provision, independent of that for basic protection (see 4.3.2), or
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— an enhanced protective provision (see 4.3.3) which provides both basic and fault
protection,

taking

account of all relevant influences.

The requirements for provisions for fault protection are given in 5.3.

4.3.2

Protection by-twe independent protective provisions

Each
unlike

The-ty
failure

Simul

y under conditions specified by the relevant technical committee.

o independent protective provisions shall have no influence on each ether such
of one of the protective provisions could impair-the-other another.

of the—twe independent protective provisions shall be designed so that a faillure is

that a

aneous failure of-the—twe independent protective provisions is“unlikely and ne¢d not

normally be taken into consideration. Reliance is placed on-ene-gi-the unaffected profective

provisjons remaining effective.

4.3.3 Protection by an enhanced protective provision

The properties of an enhanced protective provision shall be such that the same cor;rinued

effectiveness of protection as provided by two independent protective provisions is achjieved.

Requirements for enhanced protective provisions, ate'given in 5.4.

4.4 |Specialcases Additional protection

If the [intended use implies an increased’;inherent risk, e.g. for areas with a low-impegdance

contagt of persons with earth potential;-téchnical committees shall consider the possiblg need

to spefify additional protection. Such.additional protection may be provided in the installation,

in the [system or in the equipment:

NOTE |in the case of low-voltage installations and equipment, the use of residual current devices, with |a rated

rasidual oneratina current not e ceadinag 30 mA _is recoanizad as additional nrotaction aaainst alectric shock wheara

residua operating-current-not-ekceeding-30-mAisrecognized-as-additional-protection-against-electric shock-wher
. : o oot ‘oo _

Thospronsrnsne s denblo e coene panliinle toalie caons benen to Lo copmeidornd Lo qenoie]

) ol . . _

Requifementssfor additional protection are given in 5.5.

SingleLfaiilt conditions resulting in one or multiple subsequent fajlures shall be considefed as

a single fault condition.

4.5 Protection against electric burns

Technical committees shall specify measures to protect against electric burns in their
standards.

An electric burn can be caused where a current of sufficient density and duration flows

throug

h the human body or livestock. Arcs can also cause burns.

The effects can be severe even if only a small part of the body is involved.

NOTE 1

Deep-seated burns and other internal injuries, or surface burns can occur.
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NOTE 2 Technical information on electric burns can be found in IEC TS 60479-1 and measurement technique in
IEC 60990 for many cases.

4.6 Protection against physiological effects without adverse health effect
4.6.1 General

Technical committees shall consider whether the following effects are to be taken into account
in their standards.

Current flowing through a human body without being directly harmful may cause situations
which are inconvenient or hazardous (such as results of startle reaction).

This nlay concern threshold of perception or threshold of pain or heat sensation. \é

4.6.2 Muscular reaction ,\@

or liveistock are flowing in the range of areas AC-2 of the time/current z s, for a.c. 19 Hz to
100 Hz, and in the range of areas DC-2 of the time/current zong{',\ or d.c., according to
IEC TP 60479-1. ©

Involuptary muscular contractions are likely to occur, when currents thrgéé'lﬁ/ he human body

For alternating current with a frequency not exceeding 10 {é/ or for a direct current with
ripple |not exceeding 10 %, the touch voltage threshold reaction shall not excegd the

valued in Table 2: Q
QO

Table 2 — Touch voltage thr. ?olds for reaction

9\\\
Type of reaction D) Voltage threshold
AN
\3‘ 2V a.c. or
Startle reaction $
X7 8Vd.c
K\
~N 20 V a.c. or
Muscular reactio@
\l? 40V d.c
N

These|values of Table 2 are &'fined for dry conditions and a contact area of 35 cm?2.

.

If other environmergz&onditions, such as salt water wet, water wet or immersdgd are
considered, these& es may be reduced, depending also on the current path through the

4.6.3 Ee)@(s of touch current of discharge of electrostatic charges

*

Startlg *&ctions are likely to occur when currents resulting from electrostatic discharge are
flowing in the human body or Tivesiock.

4.6.4 Thermal effects

Heat sensation can be experienced, when even small values of current are flowing through
the human body or livestock. The effect may be more evident at higher frequencies.

Effects such as rise in blood pressure, immobilization, disturbances of formation and
conduction of cardiac impulses (including atrial fibrillation and transient rhythm disturbances)
may occur.
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5 Protective provisions (elements of protective measures)

5.1

General

Subclauses 5.2 to 5.5 give an overview of the different protective provisions. Protective
measures result from a suitable combination of them. The structure of typical protective
measures is described in Clause 6.

All protective provisions shall be designed and constructed to be effective during the
anticipated lifetime of the installation, of the system or of the equipment when used as

intend

ed and properly maintained.

The e
influen
Attent
water,
livestd

hvironment-should shall be taken into account by use of the classification ofe
ces as described in the |IEC 60721 series and for testing in the IEC 60068
on is particularly drawn to the ambient temperature, climatic conditions;yprese
mechanical stresses, capability of persons and area of contact of persons or-&{
ck with earth potential.

low-vqltage installations, systems and equipment these requirements are found

IEC 6
distan
syster|

5.2
5.2.1

Basic
contag

NOTE
insulati

Techr:{cal committees shall take account of the requirements for insulation coordinatio

664-1 series which also gives dimensioning rules for clearances (in air) and cre
ces as well as dimensioning guidance for solid insulation For high-voltage install
ns and equipment, the requirements are found in IEC 60071-1 and IEC 60071-2.

Provisions for basic protection
General

protection shall consist of one or more provisions that, under normal conditions, p
t with hazardous-live-parts.

Paints, varnishes, lacquers and similar-products alone are generally not considered to provide a
bn for protection against electric shock in normal service.

Subclauses 5.2.2 to 5.2.9 specify_some individual provisions for basic protection.

5.2.2

5.2.2.
parts.

NOTE
surfac|

Basic insulation

Where solid-basic insulation is used, it shall prevent contact with hazardou

n case (of‘high-voltage installations and equipment, a voltage may be present
e of selid“insulation and further precautions-may shall be-recessary considered.

ternal
eries.
nce of
himals

n. For
n the

page
tions,

revent

lequate

s-live-

pn the

5.2.2.]

P Where basic insulation is provided by air, access to hazardous-live-parts or

entering the danger zone shall be prevented by obstacles, protective barriers or enclosures as
specified in 5.2.3 and 5.2.4 or by placing out of arm's reach as specified in 5.2.5.

5.2.3

Protective barriers or enclosures

5.2.3.1 Protective barriers or enclosures shall prevent:

— in the case of low-voltage installations and equipment, access to hazardous-live-parts by
providing a degree of protection against electric shock of at least IPXXB-{also—complied
with—by or IP2X) of IEC 60529 and, for readily accessible horizontal top surfaces of
protective barriers or enclosures, at least IPXXD or IP4X

— in the case of high-voltage installations and equipment, entering the danger zone by
providing a degree of protection of at least IPXXB—{also—complied—with-—by or IP2X) of
IEC 60529, and consideration shall be given to providing a degree of protection of at least
IPXXD or IP4X for readily accessible horizontal top surfaces of protective barriers or
enclosures
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NOTE The IP code applies to the enclosures of electrical equipment of rated voltage not exceeding 72,5 kV.

5.2.3.2 Protective barriers or enclosures shall have sufficient mechanical strength, stability
and durability to maintain the specified degree of protection, taking account of all relevant
influences from the environment and from inside the enclosure. They shall be firmly secured
in place.

5.2.3.3 Where the design or construction allows for the removal of protective barriers, the
opening of enclosures or the removal of parts of enclosures, access to hazardous-live-parts or
entering the danger zone shall be possible only

— by the use of a key or tool, or

— afterisolationof-hazardo ive=partsfrom-the circut-whers e-enclosure-would no
longer provide protection, restoration of the supply shall become possible only after
replacement of protective barriers or parts of enclosures or after the closing of doors| or

— where an intermediate barrier still maintains the required degree of protection) such
bafrier being removable only by the use of a key or tool.

NOTE |See also Clause 8.
5.2.4 Obstacles

5.2.4. Obstacles are intended to protect skilled or instructed persons but-are-notintended
to-proteet their use is not permitted for the protection of ordinaty,persons.

5.2.4.2 During the operation of the installation, system or equipment under 9qpecial
operaling and servicing conditions (see Clause 8), obstagles shall prevent:

— in|the case of low-voltage installations and_ ‘equipment, unintentional contacf with
hagardous-live-parts, or

— in the case of high-voltage installations and’equipment, unintentional entering the danger
zope.

5.24.3 Obstacles may be removable\without using a key or tool but shall be so secufed as
to make unintentional removal unlikely.

5.2.4.4 Where a conductivecobstacle is separated from hazardous-live-parts by| basic
insulation only, it is considered* to be an exposed-conductive-part, and measures fof fault
protegtion (see Clause 6) shall"also be applied.

5.2.5 | Placing out of arm's reach

5.2.5. Where_provisions specified in 5.2.2, 5.2.3, 5.2.4, 5.2.6 and 5.2.7 are found| to be
not applicable, placing out of arm's reach may be appropriate to prevent

— in the case-of low-voltage installations and equipment, unintentional simultaneous gccess
to ponductive parts between which a hazardous voltage can exist,

— in [the“case of high-voltage installations and equipment, unintentional entering infto the
danger zone.

Details shall be specified by technical committees.

NoTE For low-voltage installations, parts that are separated by a distance of more than 2,5 m
are normally considered not to be simultaneously accessible. Where access is restricted to
skilled or instructed persons, reduced distances may be specified.
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Where a distance is expected to be reduced by objects which a person uses or

holds in the hand, such as a tool or a ladder, technical committees shall specify relevant
restrictions, or an appropriate distance between conductive parts between which a hazardous

voltag

5.2.6

e can exist.

Limitation of voltage

Basic
condit]

protection by the provision of limitation of voltage is fulfilled where both of the fol
ons are fulfilled:

a) todich voltage under no circumstances exceeds:

1)

2)

25V a.c. rrm.s. or 60 V ripple-free d.c., when the equipment is mormally used
locations only and large-area contact of live parts with the humah body is not
expected;

6 V a.c. r.m.s. or 15 V ripple-free d.c. in all other cases;

b) thg safety level is equivalent to that for SELV or PEL\K.and supplied by one

fol
1)

2)

3)

It sha
numb

5.2.7

Limita

owing sources:

a safety isolating transformer;
NOTE Safety isolating transformers are those that comply with IEC 61558-2-6.

transformer (e.g. motor generator);
electrochemical (e. g. battery).

| be acknowledged that the precise value of this voltage limit depends on a
r of influencing factors (such as_énvironmental conditions, contact area).

Limitation of steady-state touch current and-charge energy

fion of steady-state touch current and-eharge energy is a provision whereby

currents or energy is limited to non-dangerous values.

It shal|l prevent persons or-animals livestock from being subjected to values of steady

touch
in Cla

NOTE

current apd-€harge energy liable to be-hazardous—orperceptible above the values

Ise 5.

owing

in dry
to be

pf the

a source of current providing a degree of.safety equivalent to that of a safety is¢lating

great

touch

-state
given

a) F

r ftauch currgnt thg fallawina valugs arg nranasad-
o ) ProP -

— a steady-state current flowing between simultaneously accessible conductive parts

through—a—pure—resistance—of 2 000-Q not exceeding the threshold of perception,

—b) A

0,5 mA a.c. or 2 mA d.c.—arerecommended under normal operating conditions;

values not exceeding the threshold of pain 3,5 mA a.c. or 10 mA d.c. may be specified

under abnormal or fault conditions.

For stored—ehawcge energy available between S|multaneously accessible conductive

parts,

the foIIowmg values are proposed accord

Figure 19 of IEC TS 60479-2:2007:
0,5 mJ corresponding to the threshold of pain; and

5 ud corresponding to the threshold of perception.

ing to
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Values for other frequencies, for other waveforms and for a.c. with superimposed d.c. are
properly considered when measured with the appropriate IEC 60990 filtered touch current
circuit

— NOTE Medical electrical equipment within the scope of the IEC 60601 series-may can necessitate other levels.

5.2.8

Potential grading

In thg case of high-voltage installations and equipment, potential grading.shall p
persoms or-animals livestock from hazardous step and touch voltages under normal con
by prgviding a potential grading earth electrode.

NOTE
occur.

5.2.9

Any o
requir

5.3
5.3.1

Fault
those

Potential grading is typically used for electrical railway systems and substationslYwhere high earth

Other provisions for basic protection

her provision for basic protection shall comply with the-fundamental-rule{see-cla

bments of 4.1 for protection against electric shock.

Provisions for fault protection
General

protection shall consist of one or more provision(s) independent of and additio
for basic protection.

Subclauses 5.3.2 to 5.3.9 specify individual provisions for fault protection.

5.3.2

Suppl

Supplementary insulation

in addjtion to basic instdlation.

Suppl
for ba

5.3.3

bmentary insulation shall be dimensioned to withstand the same stresses as sp
5ic insulation.

Protective-equipotential-bonding

revent
ditions

urrents

nal to

ementary insulationis a provision whereby fault protection is provided by an insdilation

pcified

5.3.3.

General

Protective-equipotential-bonding is a provision whereby items are bonded together to avoid
hazardous touch voltages.

The protective-equipotential-bonding system shall consist of one or a suitable combination of
two or more of the elements below:

— means-for protective-equipotential-bonding in equipment, see Clause 7;

— ea

rthed or unearthed protective-equipotential-bonding in the installation{see-nete);

— protective conductor (PE);
— PEN, PEL or PEM conductor;
— protective screening;
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— earthed point of the source or artificial neutral point;

— earth electrode (including earth electrodes for potential grading);

— earthing conductor.

The e
to ear

step Vi
imped
voltag
shall &

5.3.3.]
voltag
proteg

NOTE
conduc

5.3.3.
to avq
failure
in ass

h because of the special risks, which may be present, e.g. the danger of high tougq
oltage and of exposed-conductive-parts becoming live due te_ electrical discharg
ance to earth of the earthing arrangement shall be rated-so-that no hazardous

e connected to the earthing arrangement.

p Accessible conductive parts which could¢acquire a hazardous effective
e in the event of a failure of basic protection,/i.;e. exposed-conductive-parts an
tive screen, shall be connected to the protective-equipotential-bonding system.

A conductive part of electrical equipment which @an only become live through contact with an e
ive-part which has become live, is not considered to be an exposed-conductive-part itself.

B The protective-equipotential-bpnding system shall be of sufficiently low impe

-and—if. Where necessary;-bexthe protective-equipotential-bonding system shall b
bciation with a protective dévice operated by the fault current (see 5.3.6). The ma

differgnce in potential and its duration shall be based on IEC-60479-1 TR 60479-5.

NOTE 1
eleme

NOTEJ
the sf
3,5m
with IH

L This may necessitate consideration of the relative impedance values of the di
hts of a protective-equipotential-bonding system.

L The difference in potential need not be considered if the impedance of the circuit
eady-state/touch current in the case of a single fault so that it cannot €

\ a.c.,.fm.s.ferfrequenciesup-to-100-Hz or 10 mA d.c. when measured in accor
FC 60990.

nuipotential bonding system of a high-voltage installation or system‘\shall be confgected

h and
. The
touch

e can occur. Exposed-conductive-parts, which can became’live under fault conditions,

touch
d any

posed-

dance

id hazardous potential difference”between conductive parts in case of an insIIation

used
imum

ferent

limits
xceed
dance

NOTE-Z

IWH P -0 " HTHP-E 1P P P--w-w~ H 1 i L | HP-CSH ) +
T SUTTTC CTTvITUTITITeTItS Ul OTTUatIUITS, g NTouUtodr TOooatioTTsS— (ST Tt val

fes in

IEC 60601-1), highly conductive locations, wet areas and similar areas, the limit values need

to be |

5.3.3.4

ower.

All parts of the protective-equipotential-bonding system shall be so dimensioned

that thermal and dynamic stresses which are likely to occur—due—to—a—fault-ecurrent do not

impair

the characteristics of the protective-equipotential-bonding system, e.g.

consequence of a failure or bridging of basic insulation.

as a



https://iecnorm.com/api/?name=bdd15c2ad1a69b2048496c30c84bc5b5

IEC 61140:2016 RLV © IEC 2016 - 29 -

5.3.3.5 All parts of the protective-equipotential-bonding system shall be capable of
withstanding all internal and external influences (including mechanical, thermal and corrosive)
which may be expected.

5.3.3.6 Movable conductive connections, e.g. hinges and slides, shall not be considered to
be parts of a protective-equipotential-bonding system unless compliance with the require-
ments of 5.3.3.3, 5.3.3.4 and 5.3.3.5 is maintained.

5.3.3.7 Where a component of an installation, system or equipment is intended to be
removed, the protective-equipotential-bonding for any other part of the installation, system or
equipment shall not be interrupted when removing the component unless the electrical supply
to the other part is first disconnected.

5.3.3.1! With the exception described in 5.3.3.9, no element of the protective-equipatential-
bonding system shall contain any device which might reasonably be expected to break the
electrical continuity or introduce significant impedance.

NOTE This requirement may be dispensed with by technical committees forthe verificajion of
the continuity of protective conductors or for measuring of the current.’of the profective
condugtor.

5.3.3. Where elements of the protective-equipotential-bonding system can be interfupted
by thd same coupler or plug-and-socket-outlet device as the _relevant supply conductors, the
protegtive-equipotential-bonding system shall not be interrupted before the supply condyctors.
The pfotective-equipotential-bonding shall be re-establishéd not later than when the $upply
condurtors are reconnected. These requirements deXnot apply where interruptiop and
reconmection are possible only with the equipment inde~energized condition.

In high-voltage installations, systems and equipment, the protective-equipotential-b¢nding
system shall not be interrupted before the main contact has reached an isolating digtance
which|can withstand the equipment rated impulse withstand voltage.

5.3.3.10 Conductors of the protectivésequipotential-bonding system, whether insulafed or
bare, |shall be readily distinguishable by shape, location, marking or colour, except|those
condugtors which cannot be disconnected without destruction, e.g. in wire-wrap and gimilar
wiring|in electronic equipment and'tracks on printed wiring boards. If identification by cojour is
used, it shall be in accordance with IEC-60446 60445.

Conddctors used only fer\functional earthing shall not have insulation coloured greep-and-
yellow.

5.3.4 Protective'screening

Protegtive screening shall consist of a conductive screen interposed between hazardous-live-
parts pf an jinstallation, system or equipment and the part being protected. The profective
screel

— shall be connected to the protective-equipotential-bonding system of the installation,
system or equipment and that interconnection shall comply with the requirements of 5.3.3,
and

— shall itself comply with the requirements for elements of protective-equipotential-bonding
system, see 5.3.3.3, 5.3.3.4 and 5.3.3.5.

5.3.5 Indication and disconnection in high-voltage installations and systems

A device shall be provided which indicates a fault. Depending on the method of neutral
earthing, the fault current shall be disconnected either manually or automatically (see 5.3.6).
The permissible value of the touch voltage depending on the fault duration shall be specified
by technical committees based on IEC TS 60479-1.
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5.3.6 Automatic disconnection of supply
5.3.6.1 General
For automatic disconnection of supply

— a protective-equipotential-bonding system shall be provided, and

— a protective device operated by the fault current shall disconnect-ene-or-meore—of the line
conductor(s) supplying the equipment, system or installation, in the event of a—failure—of
basic-insulation fault of negligible impedance between a line conductor and an exposed-
conductive-part or a protective conductor in the circuit or equipment.

For Iqw-voltage applications, devices for protection against electric shock by autpmatic
discorlnection of supply shall be suitable for isolation according to 8.4. For high-voltage see
8.4.3.

5.3.6.2 The protective device shall interrupt the fault current within a-time specifled by
technifcal committees based on the IEC 60479-1 series. For low-voltage installations, the time
to be [specified depends on the prospective touch voltage produced across the prote¢ctive-
equipgtential-bonding.

NoTE For steady-state fault currents which, with regard to protéction against electric $hock,
need not lead to disconnection, a conventional touch voltage limit U_ may be specified.

5.3.6.3 The protective device may be provided in{any suitable upstream part pf the
installption, system or equipment, preferably at the ofigin of the circuit to be protectefl, and
shall e selected taking into account the characteristi€s of the supply and the load, and]|of the
impedpnce of the fault current loop.

5.3.7 Simple separation (between circuits)

Simpl¢ separation between a circuit and;ether circuits or earth shall be achieved by| basic
insulation throughout, rated for the highest voltage present.

A conjponent connected between\the separated circuits shall withstand the electric stresses
specifled for the insulation which it bridges and its impedance shall limit the prospective
current flow through the compenent to the steady-state touch current values indicated in 5.2.7.

5.3.8 Non-conducting environment
The environment shall have an impedance to earth of at least

— 50|kQ if the_nominal system voltage does not exceed 500 V a.c. or d.c;

— 10D kQ _if'the nominal system voltage is above 500 V a.c. or d.c. and does not gxceed

1 QOO a.c. or 1 500 V d.c.{a-c—valuesforfrequenciesup-to-100-Hz).

NOTE 1 Methods for measuring the resistance of insulating floors and walls are included in Annex A to
IEC-60364-6-61 60364-6: 2006.

NOTE 2 Impedance values for HV are-under-consideration not considered because this protective measure is not
used.

5.3.9 Potential grading

Potential grading may be used by installation of additional earth electrodes to reduce the
touch voltage and step voltage which appear in the case of a fault.

NOTE Earth electrodes are usually buried at a horizontal distance of 1 m-infrent-ef from the equipment or any
conductive part, at a depth of 0,5 m below ground level and are connected to the earthing arrangement.
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Other provisions for fault protection

Any other provision for fault protection shall comply with the-fundamentalrule {seeclause4)

requirements of 4.1 for protection against electric shock.

5.4
5.4.1

Enhanced protective provisions

General

An enhanced protective provision shall provide both basic and fault protection.

Subcl

uses 5.4.2 to 5.4.6 specify such enhanced provisions

Arrang
provis

5.4.2

Reinfd

and environmental stresses with the same reliability of protection™as provided by (¢

insula

NOTE
insula

NOTE 1

voltage
applies
that sp4

NOTE 4
excludg

5.4.3
Proted
— ba

i.e
- rei

- prq
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ements shall be made so that the protection provided by an enhanced) prof
on is unlikely to become degraded and so that a single fault is unlikely tooccur.

Reinforced insulation

rced insulation shall be designed to be able to withstand electric; thermal, mech

ion (basic insulation and supplementary insulation, see 3.10.1%and 3.10.2, respeg

L This requires design and test parameters more severe'than those specified for
ion (see IEC 60664-1).

As an example for low-voltage applications, dimensioning of reinforced insulation with regard to

is, where the concept of overvoltage categories (see«Elause 443 of IEC-60364-4-443-2 60364-4-4
specified to comply with the requirements of the overvoltage category which is one category high
cified for basic insulation.

Reinforced insulation is mainly used in lowAvoltage installations and equipment but the applicatio
d in high-voltage installations and equipment:

Protective separation between circuits
tive separation between a(Circuit and other circuits shall be achieved by means of
Sic insulation and supplémentary insulation, each rated for the highest voltage pr
double insulations.Qr

hforced insulation-(see 5.4.2) rated for the highest voltage present, or

tective screening (see 5.3.4) with the protective screen being separated from
acent ciréuit by basic insulation rated for the adjacent circuit voltage (see also 6.

ragraph),.or

ombination of these provisions.

ective

anical
ouble
tively).

basic

mpulse

1:2007)
er than

h is not

esent,

each

If con
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ircuits

in a multi-conductor cable or in another grouping of conductors, they shall be insulated,
individually or collectively, for the highest voltage present, so that double insulation is
achieved.

If any component is connected between the separated circuits, that component shall comply
with the requirements for protective impedance devices, see 5.4.5.

5.4.4

Limited current source

A limited current source shall be so designed that it cannot supply touch currents in excess of
the limit values indicated in 5.2.7.

QMQ—B—%%—MWW@G—%%%
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The requirements of 5.2.7 apply also to any likely failure? of a single component of the limited
current source.

NoTE The limit values should be determined by the relevant technical committee.

5.4.5 Protective impedance device

A protective impedance device shall reliably limit the touch current to the values indicated
in 5.2.7.

The protective impedance device shall withstand the electric stresses specified for the
insulafion which it bridges.

These| requirements apply also to any likely failure® of a single component of the-profective
impedpance device.

5.4.6 Other provisions for enhanced protection

Any other enhanced protective provision for both basic protection and fault protection shall

comply with the—fundamentalrule{(see—clause—4) requirements of\@.1 for protection ggainst

electric shock.

5.5 |Provisions for additional protection
5.5.1 Additional protection by residual current protective device (RCD) /,,, < 30 mA

In the| case of low voltage, an RCD with /,,, < 30\MA is applied as an additional profective
provisjon where

a) balsic protection is provided by one of:the provisions of 5.2.2 (basic insulation) o 5.2.3
(protective barriers or enclosures), and/or
b) fadlt protection is provided by oné' of the provisions of 5.3.3 (protective-equipotential-
bonding) and 5.3.6 (automatic disconnection of supply).

This drotective provision is recognized as additional protection in the event of failure [of the
provisjon for basic protection”and/or the provision for fault protection, or carelessngss by
users.

Devicg¢s for additiopalkprotection shall disconnect the live conductors by providing an is¢lating
distanfpe according:1o 8.4.

Residtyial current monitoring devices (RCMs) are not considered to be protective devices|

559 Xdditi | ion | | . ial | i

Additional protection by supplementary equipotential bonding is a provision whereby
dangerous touch voltages are avoided by bonding of items.

Supplementary equipotential bonding is provided as an additional protective provision where

a) basic protection is provided by one of the provisions of 5.2.2 (basic insulation) or 5.2.3
(protective barriers or enclosures), and

b) fault protection is provided by protective earthing, protective equipotential bonding (5.3.3)
and automatic disconnection in the event of a fault (5.3.6).
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This protective provision will help avoid hazardous voltages between exposed-conductive-
parts and extraneous-conductive-parts which can be touched simultaneously.

6 Protective measures

6.1 General

Clause 6 describes the structure of typical protective measures, indicating in some cases
which protective provision(s) are for basic protection-and-which-are, for fault protection and
for additional protection.

More than one of the following protective measures (see from 6.2 to 6.11) may be used|within
the same installation, system or equipment both under normal operating conditions;and|under
single|fault conditions.

The usge of ELV other than that in accordance with 6.7 and 6.8 is not a protéctive measufe.

6.2 |Protection by automatic disconnection of supply

Protedtive-measure-in—which Automatic disconnection of supply shall' consist of a combipnation
of the[following protective provisions:

— bapic protection is provided by basic insulation, or (protective barriers or enclgsures
befween hazardous-live-parts and exposed-conductive-parts; and

— faylt protection is provided by automatic disconnection of supply.

NOTE |Automatic disconnection of supply requires, according to 5.3.6, a pro:Tctive-
equipgtential-bonding system as specified in'5.3.3. The relevant maximum disconnjection
times fan be derived from IEC 60364-4-41.

6.3 |Protection by double or reinforced insulation
Protegtive measure in which

— bapic protection is providéd)by basic insulation of hazardous-live-parts and fault profection
is provided by supplementary insulation,

or

— bapic protectien*'and fault protection are provided by reinforced insulation bgtween
hakgardous-live=parts and accessible parts (accessible conductive parts and accgssible
suffaces of-insulating material).

6.4 |Protection by protective equipotential bonding

Protective measure in which

— basic protection is provided by basic insulation between hazardous-live-parts and
exposed-conductive-parts, and

— fault protection is provided by a protective equipotential bonding system preventing
hazardous voltages between simultaneously accessible exposed and extraneous-
conductive-parts.

6.5 Protection by electrical separation

Protective-measure-in—which Electrical separation is achieved where the following conditions

are met:

— basic protection is provided by basic insulation between hazardous-live-parts and
exposed-conductive-parts of the separated circuit; and

— fault protection is provided
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by simple separation of the separated circuit from other circuits and earth, and

by—an—earth-free a protective-equipotential-bonding interconnecting exposed-
conductive-parts of the separated circuit where more than one item of equipment is
connected to the separated circuit. This protective-equipotential-bonding system shall
not be earthed.

Intentional connection of exposed-conductive-parts to a protective earthing conductor or to an
earthing conductor is not permitted.

NOTE Electrical separation is mainly used in low-voltage installations and equipment but the application is not
excluded in high-voltage installations and equipment.

Electrical-separation—aiven—in—443 5 of |EC 60364-4-414 for low-voltace installations—contai more
=t tHEaH—S aaHeoR—ghveR—h—4a+to- —E o 4—4-41—Fo oW Yorayg HStaHaHoRS AtaHS—Mof

stringer
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condu
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H-reguirements:
Protection by non-conducting environment (low-voltage)

tive measure in which

5ic  protection is provided by basic insulation between hazardous-live-party and
pbosed-conductive-parts, and

It protection is provided by the non-conducting environment.
Protection by SELV system
tive measure in which protection is provided by

itation of voltage in a circuit to ELV limits as defined in Table 1 (the SELV system), and
tective separation of the SELV system froem-all circuits other than SELV and PELY, and
nple separation of the SELV system from other SELV systems, from PELV systens and
m earth.

onal connection of exposed-conductive-parts to a protective conductor or to an egrthing
ctor is not permitted.

cial locations where SELVY'is required and where protective screening according tq 5.3.4
lied, the protective screen shall be separated from each adjacent circuit by| basic
ion intended for therhighest voltage present.

Protection by ‘PELV system
tive measure in which protection is provided by:

itation of voltage in a circuit-which to ELV limits as defined in Table 1 and the [circuit
ybe earthed and/or the exposed-conductive-parts of which may be earthed (the|PELV

system); and

protective separation of the PELV system from all circuits other than SELV and PELV.

If the PELV circuit is earthed and if protective screening according to 5.3.4 is used, it is not
necessary to provide basic insulation between the protective screen and the PELV system.

NOTE Where live parts of the PELV system are accessible simultaneously with conductive parts which, in case of
a fault, could assume the potential of the primary circuit, protection against electric shock depends on protective-
equipotential-bonding between all such conductive parts.

6.9

Protection by limitation of steady-state touch current and charge

Protective measure in which protection is provided by
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— supply of a circuit:

and

from a limited current source, or

through a protective impedance device,

— protective separation of the circuit from hazardous-live-parts.

6.10

6.10.1

Additional protection

Additional protection by residual current protective device (RCD) /,,, <30

mA

An RQD with /,, < 30 mA is used in addition to

— ba
— fal

The R

6.10.2
Suppl

— ba
co

— fal

by ap
condu

6.11
Any (¢

requir
proteg

7 C
w

7.1

Proted

Sic protection by basic insulation according to 5.2.2 or 5.2.3; and/or
It protection by one of the provisions of 5.3.3, 5.3.6 or 5.3.10.

CD for additional protection shall be suitable for isolation.

Additional protection by supplementary protective equipotential bonding

bmentary protective-equipotential-bonding is used in addiior to

hductive-parts, and

It protection by one of the provisions of 5.3.2, 533 or 5.3.10

Protection by other measures

bments of 4.1 for protectioniagainst electric shock and provide basic protection an
tion.

thin an electrical installation

General

and d

tion is;achieved by a combination of the constructional arrangements for the equi
vices, together with the method of installation. Technical committees are recomm

to use|the“protective measures described in Clause 6.

5ic protection by basic insulation between bhazardous-live-parts and exposed-

blying protective-equipotential-bonding to &yoid hazardous voltages between exposed-
ctive-parts and extraneous-conductive-parts which can be touched simultaneously

ther protective measure shall comply with the—fundamentalrule{(see—clapse4)

d fault

p-ordination-of between electrical equipment and-of protective provisions

pment
rnded

Egquipmentmay Current using equipment shall be classified in accordance with the classes of
7.2 to 7.5. The use of protective provisions in the several classes of equipment is described in

7.2 to

7.5 (see also Table 3).

If it is not appropriate to classify equipment and devices in this way, technical committees
shall then specify the relevant methods of installation for their products.

For some equipment, the compliance with the classification can be achieved only after
installation, e.g. where the installation prevents access to live parts. In this case, suitable
instructions shall be provided by the manufacturer or responsible vendor.
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Different protective measures applied to the same installation or part of an installation or
within equipment shall have no influence on each other such that failure of one protective
measure could impair the other protective measure or measures.

Table-1 3 — Application of equipment in a low-voltage installation

] Equipment-marking-orinstructions he i Hati
Class-0 —Only-foruse-in-hon-conducting Non-conducting-environment
£ . . . ‘ .
TV IOy \
. M ‘ . . . . 5; .
bl | oreslourcombination gree A,\Q)
IEC-60417-2 (double-square) .
2O
e Pl e e e B e Gennee(—enLy—te—SEL—\%{b@LN—sy&tems
L
diarmond) -0
O\J
' Vi
N4
Class$ of . . . . s\}onditions for connection of the
. Equipment marking or instructions Symbol . . .
equipment / equipment to the installatiop
Class Marking of the protective bonding terminal Q‘ Connect this terminal to the protecfive-
with graphical symbol @ equipotential-bonding system of th¢
IEC 60417-5019:2006-08, or letters PE, or \\ installation
colour combination green-yellow g\\)
Class |l Marking with the graphical symbol Q?) @ No reliance on installation protectiye
IEC 60417-5172:2003-02 (double squa(é&x\g\ measures
Class [ll Marking with the graphical symbol, N ’ 7 Connect only to SELV or PELV sysfems
IEC 60417-5180:2003-02 (romanQ eral
[1l'in a diamond) «O
N
4 equi Y
7.2 |Class 04 equipment C)\
Equipment with basic in@{ation as provision for basic protection and with no provisigns for
fault pfrotection. O
All copducti arts which are not separated from hazardous-live-parts by at least| basic
insulation be treated as if they were hazardous-live-parts.
Class 'O—stattonty beused—{forequipmentimtended—for commectiom by mreans of cord—=arnd plug

to circ

uits operating at voltage not exceeding 150 V to earth.

However it is recommended that product committees withdraw class 0 from their product
standards.
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7.3 Class | equipment
7.3.1 General

Equipment with—basic—insulation—as at least one provision for basic protection and a
connection to a protective-bending conductor as provision for fault protection.

7.3.2 Insulation

All conductive parts which are not separated from hazardous-live-parts by at least basic
insulation shall be treated as if they were hazardous-live-parts. This also applies to
conductive parts which are separated by basic insulation but which are connected to
hazardlous-live-parts through components which are not designed for the same siresges as
specifled for basic insulation.

7.3.3 Protective-equipotential-bonding Connection to the protective conductor

Exposjed-conductive-parts of the equipment shall be connected to the_ -protective—bé¢nding
conduftor terminal.

NOTE-} Exposed-conductive-parts include those parts which are covered only by paints, varnishes, lacquers and
similar products.

NoTE-? Conductive parts which can be touched are not exposed-conductive-parts if they are
separated from hazardous-live-parts by protective separation.

7.3.4 | Accessible surfaces of parts of insulatingnaterial

If the |equipment is not completely covered with.*Conductive parts, the following applies to
accessible parts of insulating material:

AccesEgible surfaces of parts of insulatinggmaterial which

- arI designed to be-gripped graspéd, or

— arg likely to come into contact'with conductive surfaces which could distribute hazardous
potential, or

— cap come into significant contact (area more than 50 mm x 50 mm) with a part |of the
human body, or

— th4-parts are to be used in areas where the pollution is highly conductive,
shall Qe separated-from hazardous-live-parts by

— dopble orreinforced insulation, or

— bapi¢dnsulation and protective screening, or

— a combination of these provisions.

All other accessible surfaces of parts of insulating material shall be separated from
hazardous-live-parts by at least basic insulation. For equipment intended to be part of the
fixed installation, the basic insulation shall be provided either by the manufacturer or during
installation as specified by the manufacturer or responsible vendor in his instructions.

These requirements are deemed to be complied with if the accessible parts of insulating
material provide the required insulation.

NOTE Technical committees may impose more stringent requirements than basic insulation for
certain accessible parts of insulating material (e.g. which need to be touched frequently, such
as operating means), taking into account the area of the contact surface with the human body.
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7.3.5 Connection of a protective conductor

7.3.5.1 The means of connection, except for plug-and-socket connections, shall be clearly
identified either with the graphical symbol-re—5019-of IEC-680447-2 60417-5019:2006-08, or
with the letters PE, or by the bi-colour combination of green and yellow according to
IEC 60445. The indication shall not be placed on or fixed by screws, washers or other parts
which might be removed when conductors are being connected.

7.3.5.2 For-cerd flexible cable connected equipment, including fixed and plug-and-socket
types, provisions shall be made such that the protective conductor in the cord shall, in case of
failure of the strain-relief mechanism, be the last conductor to be interrupted.

7.4 [ClasstHequipment
7.4.1 General

Class|ll equipment comprises equipment with

— bagic insulation as provision for basic protection, and
— supplementary insulation as provision for fault protection,

or in which
— bapic protection and fault protection are provided by reinforéed insulation.
7.4.2 Insulation

7.4.2. The accessible conductive parts and the accessible surfaces of parts of insiilating
material shall either be

— separated from hazardous live-parts by double or reinforced insulation, or

— depigned with constructional arrangements providing equivalent protection, ¢.g. a
protective impedance device.

For equipment intended to be part of\the fixed installation, this requirement shall be fuylfilled
when | the equipment is properly- installed. This means that the insulation (basic,
supplementary or reinforced) and the protective impedance, if relevant, shall be pr¢vided
either| by the manufacturer( Qr during installation as specified by the manufactufer or
respofsible vendor in his instructions.

NOTE |Arrangements /providing equivalent fault protection may be defined by tedhnical
commijttees along wwith requirements appropriate to the nature of the equipment and its
applicption.

7.4.2.2 All"* conductive parts which are separated from hazardous-live-parts by| basic
insulation.‘enly or by constructional arrangements providing equivalent protection shall be
separat from th ibl rf lementary insulation or nstru¢tional
arrangements providing equivalent protection.

All conductive parts which are not separated from hazardous-live-parts by at least basic
insulation shall be treated as if they were hazardous-live-parts, i.e. they shall be separated
from the accessible surface in accordance with 7.4.2.1.
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7.4.2.3 The enclosure shall not contain any screws or other fixing means of insulating
material where these screws or other fixing means need to be removed or are likely to be
removed during installation and maintenance and where the replacement of which by metallic
screws or other fixing means could impair the insulation required.

7.4.2.4 The insulation of class Il equipment shall comply with 5.1.6 of IEC 60664-1:2007.

7.4.3 Protective bonding

7.4.3. Class I equipment shall not have a provision for connection to a profective
conduftor except for applications according to 7.4.3.2.

7.4.3.2 H Where a class Il equipment is provided with means for maintaining:he conftinuity
of a fgrotective—egquipotential-bending conductor, but in all other respects is construcled as
class |l equipment, such means shall be insulated in accordance with 7.4.2(1.

indulatad from live narts
HRgtate—HOMm—HvVe—PpPatsS

D

n acceassihla conductive
RE—a66EeSSiHoie—CcoRaUctHe

3
®

D
-+
T
[op
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¢
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Conddctive parts enclosed in the insulating enclosureshall not be connected to a profective
conduftor. However, provision may be made for corfecting protective conductors whigh run
through the enclosure. Inside the enclosure, any steh'conductors and their terminals shall be
insulajed as though they were live parts, and theiXérminals shall be marked as PE termfinals.

7.4.3.3 Class Il equipment may be provided with means for connection to eaifth for
functignal (as distinct from protective) putposes only where such a need is recognized|in the
relevant IEC standard. Such means shall be insulated from live parts by double or reinforced
insulajion. The means for functional @arthing shall have a distinctive marking from the means
for prptective earthing and shall_riot be connected by a conductor identified as |PE in
accordance with IEC 60445.

NOTE |A functional earthing can be used for example for EMC purposes.
7.4.4 Marking

Class|Il equipment,including equipment complying with 7.4.3.1, shall be marked with the
graphical symbgl‘rb--851472 of IEC-60447-2 60417-5172:2003-02, placed adjacent to the supply
informlation, elg) on the rating plate, in such a way that it is obvious that the symbol is part of
the tephnieal information and can in no way be confused with the manufacturer's name or
other (dentification marks.

Where a class Il equipment has a functional earthing terminal, this terminal shall be identified
with the graphical symbol IEC 60417-5018: 2011-07.

7.5 Class lll equipment
7.5.1 General

Equipment relying on limitation of voltage to ELV values as provision for basic protection and
with no provision for fault protection.
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7.5.2 Voltages

7.5.21 Equipment shall be designed for a maximum nominal voltage not exceeding 50 V
a.c. or 120 V d.c. (ripple-free).

NOTE 1 Ripple-free is conventionally defined as an r.m.s. ripple voltage of not more than 10 % of the d.c.
component. Maximum values for non-sinusoidal a.c. voltage are under consideration.

NOTE 2 According to Clause 414 of IEC 60364-4-41:2005, class Ill equipment is accepted only for connection to
SELV and PELV systems.

NOTE-3 Technical committees should determine the maximum permitted rated voltage of their
products in accordance with IEC TS 61201 and the specified conditions of use of these
produgts:

7.5.2. Internal circuits may operate at any nominal voltage which does notiexceg¢d the
limits gpecified in 7.5.2.1.

7.5.2. In case of a single fault within the equipment, no steady-state touch voltage|which
may appear or be generated shall exceed the limits specified in 7.5.2.1.

7.5.3 Protective bonding

Class|lll equipment shall not be provided with a means of,"eonnection for a profective
condugtor. The equipment may however be provided with means for connection to eafth for
functignal (as distinct from protective) purposes where such a need is recognized [|in the
relevant IEC standard. In any case, provision for the connection of live parts to earth shall not
be malde in the equipment.

The njeans for functional earthing shall have a<distinctive from that used for a means for
protegtive earthing and shall not be connected®y a conductor identified as PE in accordance
with IEC 60445.

7.5.4 Marking

The eguipment shall be marked-.with the graphical symbol-nre--5180 of IEC-60447-2 §0417-
5180:2003-02. This requirement'does not apply where the means of connection to the $upply
is so phaped that it can only mate exclusively with a particularly designed SELV or|PELV
supply arrangement.

7.6 |Touch currents;protective conductor currents;-leakage currents
7.6.1 General

NoTE4 Subelalse 7.6 is applicable only to low-voltage installations, systems and equipment.

The rg¢duifements of 7.6 take into account equipment intended to be supplied by plug and
socket-outlet systems, or by a permanent connection, or the case of stationary equipment.

NOTE The effects of leakage current are currently not considered in this standard.

7.6.2 Touch currents

Measures shall be taken so that when accessible parts are touched under normal condition,
do-—not-giveriseto-hazards—as-indicated-in-the lEC 60479 series the touch current does not
exceed the threshold of perception as indicated in [IEC TS 60479-1. The touch currents shall
be measured according to IEC 60990. Where additional touch current is allowed under fault
conditions, product committees shall specifically identify in their standards the conditions and
the additional current allowed.
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NOTE 1 See Figure 20 of IEC TS 60479-1:2005 for a.c. 50Hz and/or 60Hz and Figure 22 for d.c.

NOTE 2 Values for frequencies up to 10 kHz can be obtained from Figures 1 and 4 of IEC 60479-2:2007. For
frequencies above 10 kHz, see 4.4 of IEC 60479-2:2007.

7.6.3 Protective conductor currents
7.6.3.1 General

Measures shall be taken in the installation and in equipment to prevent excessive protective
conductor currents |mpa|r|ng safety or normal use of the electrical mstallatlon —Gempahbnw

Technjical committees shall determine that the correct operation of protective device$, e.g.
RCDs|and CBs, is not affected by the protective conductor current generated by prodycts or
systems under their scope.

Manuflacturers shall make available information on the value and characteristics pf the
expecfed protective conductor current under normal operating conditions” For frequéncies
other |than 50 Hz and/or 60 Hz product committees are encouragedi to use the [owest
practi¢able values of protective conductor current limits.

7.6.3.2 Requirements for the prevention of excessive protective conductor currgnts
of current-using equipment

The-rdguirementsfor Electrical equipment which causes,inder normalepe#atmg cond|t|ons, a
current to flow in-its the protective conductor of its~supply, shallalew
compc tible with protectwe provisions. . i q

7.6.3.3 Maximum-a-c- Limits of a.c. components of protective conductor currenis of
current-using equipment

NOTE}A

nro
POt HY oh O

. . EC 60479-2_i | . . To74.

tective conductor current measdrement method which-takes-into-acecount hiagh-fre epncv-combonents
&t curefeasuremen-Memoa—WHEH @ KesSHtoaecouRtHgR-H ompohRents

ay
GUEency

The limit values for protective.éonductor currents under normal operating conditions as| given
by T4ble 4 are applicable to low-voltage current-using equipment supplied at| rated
frequgncies up to 1 kHz:

Table 4 — Maximum protective conductor current for frequencies up to 1 kHz

Rated current of current-using Maximum protective conductor current
equipment for frequencies up to 1 kHz
a.c.
Q<2 A 1 mA
2A<I<20A 0,5 mA/A
/>20A 10 mA

For current-using equipment for permanent connection intended to be connected to a
reinforced protective conductor according to 7.6.3.5, product committees should state the
maximum values for the protective conductor current, which in no case shall exceed 5 % of
the rated input current per phase.

Measurements shall be carried out on equipment as delivered.
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7.6.3.

4 Limits of d.c. components of protective conductor current

In normal use, a.c. current using equipment shall not generate currentwith a d.c. comy
in the protective conductor—which—could—affectthe properfunctiening—of residual¢
devicds-or-otheregquipment that exceeds the values in Table 5. This will prevent affecti

prope

NOTE

functioning of protective device(s) or other equipment i¥the installation.

Table 5 — Maximum protective conductor current for DC

onent

ng the

Rated current of current-using equipment Maximum protective conductor current
a.c. d.c.
I<2A 5 mA
2A<I<20A 2,5 mA/A
I>20 A 50 mA
Pluggable electrical equipment/with a rated input < 4 kVA shall be designed to have profective

conduftor current with a_smooth superimposed d.c. current component limited to < 6 mAl

For p
electr

ical equipment independent of the rated input shall contain in the operating

advicq about the{protective measure.

In cage ,of_d.c. protective conductor currents > 6 mA, suitable protective devices sh
selectpd{€.g. RCD type B.

7.6.3.

luggable electrical equipment with a rated input > 4 kVA and permanently connrtected

anual

all be

5 Provisions in equipment in case of connection to reinforced protective
conductor circuits for protective conductor currents exceeding 10 mA

The following shall be provided in the current-using equipment:

— a connecting terminal designed for the connection of a protective conductor,-measuring
having a cross-sectional area of at least of 10 mm2 Cu or 16 mm?2 Al; or

— a second terminal designed for the connection of a protective conductor of the same
cross-section as that of the normal protective conductor so as to connect a second

pr

NOTE

otective conductor to the current-using equipment.

For requirements for reinforced protective conductors, see 543.7 of IEC 60364-5-54:2011.
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7.6.3.6 Information

For equipment intended for permanent connection with reinforced protective conductor, the
value of the protective conductor current shall be provided by the manufacturer in his
documentation and indication shall be given in the instructions for installation that the
equipment shall be installed as described in 7.6.4.2.

7.6.4

Other requirements

7.6.41 Signalling systems

condu

7.6.4.]

For ¢
condu
conne

7.6.5

Muscd
or live
to haz

Techn

— thd
»

-y

prg¢cautions to prevent the users from experiencing involuntary muscular contractions.

— thd
be
— thd
liv
kid

7.7

The d
and in
accou

p Reinforced protective conductor circuits in installations for proféective
conductor currents exceeding 10 mA

irrent-using equipment intended for permanent connection and having a prof
ctor current higher than 10 mA, provision shall be made fera secure and r
ction with earth such as described in IEC 60364-5-54.

Other effects

lar contractions and thermal effects caused by curfent passing through the huma
stock and effects of discharge of electrostatic charges may also but not generall
ardous situations.

ical committees shall take into consideratign

t persons or livestock could becomg, energized by currents of values as descri
.1 resulting from contact with metal”parts. It might be necessary to specify add

t persons or livestock could,besubjected to values of touch current and charge lig
hazardous or perceptible (3ge 4.6.3).

bstock for more thanna few seconds, deep seated burns, and other internal injurie
ney failure), coujenaccur. Surface burns may also arise.

voltage installations
bsign«ofithe installation shall be such as to restrict access to danger zones. For

structed persons the need for operational and maintenance access shall be takq
ht.Where safety distances cannot be achieved, permanent protective facilities sh

Safety and boundary clearances and-warning-labels hazard marking for high}

ective

ective
pliable

body
lead

bed in
itional

ble to

t due to the effect of\currents as described in 4.6.4 flowing in the human b¢dy or

5 (e.g.

skilled
n into
all be

install

— ba

ed. Values shall be specliied DY tecnhnical commitiee(s) 1or

rrier clearances,

— obstacle clearances,

— external fences and access doors,

— minimum height and distance from access areas,

— clearances to buildings.

Warning-tabels Hazard markings shall be prominently displayed on all access doors, fences,

protec

tive barriers and overhead line poles and towers, etc.
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7.8 Functional earthing

Equipment may be provided with means for connection to earth for functional (as distinct from
protective) purposes only where such a need is recognized in the relevant IEC standard (e.g.
for EMC purposes). Such means shall be

— insulated from live parts, and

— insulated from exposed conductive parts except where exposed conductive parts are
connected to a protective bonding terminal, e.g. in case of PELV equipment.

The means for functional earthing shall have a marking or other identification in accordance
with IEC 60445.

8 Special operating and servicing conditions

8.1 General
NoTE |Detailed requirements for operation of electrical installations, e.g.

— live working;
— defenergized working;
— wdrking close to live parts

are supjects for consideration by appropriate technical committees.

8.2 |Devices to be operated manually and components intended to be replaced
manually

8.2.1 General

NOTE 1 Examples include:
— deyices which need to be reset (e.g. circuit-breakers, overcurrent/overvoltage/undervoltage devices);

— replaceable components (e.g. lamps, fuselinks)

for (re)gstablishing the function of the.installation, system or equipment. Subclause 8.2.2 also applies to ac¢ess for
user mgintenance.

NOTE 34 For the purpose of this,standard, "manually" means "by hand, with or without a tool".

8.2.2 Devices to be-operated or components intended to be replaced by ordinary
persons in [ow-voltage installations, systems and equipment

8.2.2. Gene€tal

Protegtion(against any contact with hazardous-live-parts shall be maintained when opegrating
devicgs ‘af,when replacing components.

NOTE It is recognized that certain lamp-holders and fuse-holders, complying with existing standards, do not fulfil
this requirement when the components are being replaced.
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8.2.2.2 Where installations, systems or equipment incorporate devices which require
manual operation, or components which require manual replacement, these devices and
components shall be located where no hazardous-live-parts are accessible.

8.2.2.3 Where compliance with 8.2.2.2 is not practicable, protection shall be provided by
means which ensure isolation from the electrical supply before access is gained.

8.2.3 Devices to be operated or components intended to be replaced by skilled or
instructed persons

8.2.3.1 General

5 oRa o : riRrtertonally
ing the danger zone shall be provided according to 8.2.3.2 and 8.2.3.3 where eithe

re are no protective barriers or enclosures, or

— protective barriers or enclosures are to be removed by skilled or instructed.persons to gain
acgess to devices requiring manual operation or to components requiring| replacement.

NOTE Technical committees may restrict the application of this subclause*or impose additional
requirements and specify the kind of manual operation for which thissmethod of protection is
permifted.

8.2.3.2 Location of devices and components

The equipment shall be so designed and installed that the devices and components are
accessible and visible to a person who is in a position)where he or she may readily and|safely
operafe the device or replace the component.

NOTE Huch positions and relevant information~té be supplied by the manufacturer shopld be
specifled by technical committees, as appropriate.

If the mounting position of equipment may adversely affect the visibility or access to dpvices
or components in such a way as toxcause a hazard, then the required mounting positiop shall
be indjcated and observed.

In cask of the presence of a.c.”and d.c. circuits in the same equipment and/or installatign, the
a.c. apd d.c. conductorsshall be provided with distinct identification

8.2.3.3 Accessibility and operation

The alccess path to a device and the space needed for its operation shall be such that
protegtion against unintentional contact with hazardous-live-parts or against unintent{onally
entering ,the“danger zone is provided by an appropriate distance. The distance shall be
specifledby the technical committee.

Alternatively, where the access path or space has less than the appropriate distance from
hazardous-live-parts, obstacles shall be provided. These obstacles shall provide protection
against unintentional contact. The degree of protection shall be not less than IPXXB (also
complied with by IP2X) of IEC 60529 from the direction of approach to the device or
component, and not less than IPXXA (also complied with by IP1X) of IEC 60529 from other
appropriate directions.

8.3 Electrical values after isolation

Where protection relies on isolation of hazardous-live-parts from the supply (e.g. when
opening enclosures or removing protective barriers), capacitances shall be automatically
discharged so that 5 s after isolation, the limit values of voltage specified in-6-5 Annex A of
IEC TS 61201:2007 will not be exceeded. If this would interfere with proper functioning of the
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equipment, a readily visible warning notice shall be provided, indicating the time of discharge
to the limit values.

NoTFE+ For particular conditions (e.g. withdrawal of a plug), technical committees may have to
specify a shorter time.

NOTE2 After isolating, particularly with high voltages, the following effects should be
considered:
— capacitors can have high residual charges;

— inductances, e.g. transformer windings, can have a high trapped charge over a relatively
lorjg period of time.

8.4 Devices for isolation
8.4.1 General

Devicg¢s suitable for isolation shall effectively isolate the circuit concerhed from dIl live
conduftors of the supply.

NOTE 1 With regard to low voltage, see also 8.4.2.

The psition of the contacts or other means of isolation shal¥, in the isolated positipn, be
either|externally visible or clearly and reliably indicated.

NOTE R The indication can be achieved by suitable marking)to’ indicate the isolated and closed ppsitions
respect|vely.

DevicIs suitable for isolation shall be designed™and/or erected to prevent unintentiopal or
unauthorized operation.

NOTE § Such operation might be caused for exaf@ple by mechanical shocks and vibrations.
8.4.2 Devices for isolation for low voltage

Devicg¢s suitable for isolationshall effectively isolate the circuit concerned from 4l live
conduptors of the supply. However, in TN-S or TN-C-S systems where the supply qystem
conditjons are such that the neutral or mid-point conductor can be regarded as being rgliably
at earth potential, the nedtitral conductor need not be isolated.

Devicg¢s for isolatiohwshall comply with the following two conditions:

a) When in théeynew, clean and dry condition, with the contacts in the position for iso]ation,
the¢ device shall withstand between the line and load terminals, the impulse withhstand
voltage.given in Table 6.
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Table 6 — Minimum impulse withstand voltage of devices
for isolation related to the nominal voltage

Nominal voltage of the supply system 2 Minimum impulse withstand voltage ®
\Y kv
Thres-phase systems | Sglephase systems | Overvoitage Oremonege
120 — 240 3 5
230/400, 277/480 5 8
400/690 8 10
1000 10 15\3‘
NOTE|1 For an explanation of the overvoltage categories, see 4.3.3.2 of IEC 60664-1:2007. Q}/
NOTE[R The impulse withstand voltages are referred to an altitude of 2 000 m. y\%
NOTE[3 The values of 100/200V, 50Hz or 60Hz are also used in some countries. ‘.19
2 Actording to IEC 60038. ,\b‘\’

b Eqfipment of overvoltage category Il and | are not applicable for isolation. '\
¢} gory G

~—~

b) The leakage current across open poles shall under no circ;@gt)ances exceed
— | 0,5 mA per pole in the new, clean and dry condition,éﬁd
— | 6 mA per pole, at the end of the conventional s e life of the device,

when tested across the terminals of each poﬁ?vith a test voltage value equal to
of the voltage between line to neutral corr, nding to the rated voltage of equig
when the starpoint or midpoint of the s y is connected to earth. In all other
the test voltage value shall be equal,g\ 10 % of the line-to-line voltage of the

system.

value of the a.c. test voltage. o)

Tests ffo verify this requirement‘r@y be specified by the relevant technical committee.
N

8.4.3 Devices for iso&iqn for high voltage
8.4.3. General O

O

Everylisolating de@% shall be suitable for the assigned purpose.

All geperal irements, e.g. earthing arrangements and if necessary the special rqg

ments| of t@ ocation, e.g. altitude, shall be stated and taken into consideration.

52

In the case of d.c. testing, the vﬁ@é of the d.c. voltage shall be the same as the

110 %
ment,
cases

supply

r.m.s.

quire-

All isolated parts of the main circuit to which access is required or provided shall be capable
of being earthed prior to becoming accessible. This requirement does not necessarily apply to

removable parts that become accessible after being separated from the installation.

The corresponding specifications for the assigned equipment shall be designed taking into
account the network configuration, the local particular conditions and the experiences of

operation and maintenance.

It shall be taken into consideration that the expected electrical stresses are not only those
found in normal operation, but also additional stresses, for example in case of a short-circuit

fault.

Lightning and switching overvoltages shall be also taken into consideration.
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Mechanical, climatic and other special stresses which belong to external influences at the site
of installation shall be considered during the design process of the equipment.

NOTE Besides these stresses, it is important to pay attention to IEC 60071-1, insulation coordination, by the
selection of a suitable switching device.

To avoid unintentional operation, a facility for locking of the isolating device for safety reasons
shall be available in the "on" and "off" position.

For the construction or installation of devices for isolation it should be taken into
consideration that electric arcs or hot ionizing gases may be generated when switching off.
Therefore equipment should be designed or installed in such a way that ionized gas released
duringi switching does not result in damage to the equipment or in danger t(;oo&e rating

persomnel. This is valid also if there is a secondary flashover by ionization to parts\whigh are
not live parts.

NO
8.4.3.2 Characteristics of devices for isolation (-19
Devicg¢s for isolation shall comply with the performances defined for Ib%itudinal insuflation.

That s satisfied when the isolating distance has the dielectric s('f‘ormances specified in
IEC 62271-102 for that purpose. Q%

For sgfety reasons, devices for isolation shall be designed so\Miat any earth leakage qurrent
which|may flow from one contact to the terminal on the ot side of the isolator is lim|ted to

an acgeptable level. This safety requirement is fulfil if this leakage current is rgliably
dissipfted to earth. Q
N
QO
%
S\\Q
N
xO
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Annex A
(informative)

Survey of protective measures as implemented by protective provisions

NOTE H-should-be-noted-that Not all of the protective provisions are applicable to both low-voltage and high-
voltage.

Figure A.1 shows the relationship between protective measures and their respective
provisions for basic protection and fault protection.
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Measures

Provisions

Basic protection (52)

Fault protection (5.3

4 \\J\
Basic insulation(5.2.2) Supplementary insulation(5.3.2)
Protection by double or L
reinforced insulation |
(6.3) F
Reinforced Insulation(5.4.2)
. / L |
4 I
Basic protection methods Protective-equipotentiakbonding (5.3.3)
- basic insulation(solid) (5.2.2.1) One or combination of.
4 .. . : - protective-equipotentiakbonding
P'°'e°t'°2:r¥dfr?:'p°te""a' J\ - basic insulation by air(5.2.2.2) with: (in the installatior)
(6.4) o barriers or enclosures(5.2.3), or - protective-equipotentiakbonding
’ / o obstacles (5.2.4), or (in equipmend
o placing out of arm’s reach(5.2.5). - protectivesconductor
- PEN, PEL or PEM conductor
- protéctive screening(5.3.4)
- /
Prptection by automatic | Basic protection methods L .
digconnection of supply Automatic disconnection of supply(53.6)
(6.2) - basic insulation(5.2.2) or
- - barriers or enclosures(5.2.3)
f - .
Prptection by electrical Basic protection method - Simple separation(5.3.7) and
separation — - Protective-equipotentiatbonding (5.3.3
(6.5) - basic insulation (5.2.2) quip 9 (5.
.
Proteftion by nonconducting Basic protdction method
environment — - Non-conducting environment (5.3.8
(6.6) - basic insulation(5:2.2)
-
4
Other provisions(5.2.9) Other provisions(5.3.10)
Protefction by other r es
(6.11)
Other enhanced protective provisiong5.4.6)
-

Figure A.1 — Protective measures with basic and fault protection

IEC
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Figure A.2 shows the relationship between protective measures with limited values of
electrical quantities and their respective provisions

Simple separation
6.6"° voltage and 532°% and | and-otherSELV
5.4.5-°% systems
52.6-
i
B = T e
and and In-soecases
b7° voltage 53.2° Basiclinsulation
5457 5447
or
A
e
54.2°
limitatigh-of steady- steady-state-touch 532 °
state tquch current current-and charge
and-charge 546°
B.s®
—limited-current
source
53.3°%
— protective
B e
coadens
53.4°%
. ¢ . ion:
Reinf . .
5347
Basic-insulation Supplementary
Bocie = 5 =
526° and screening
523°

IEC 1745/01
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Measures Provisions
Protective Limited val Protective Additional
measures imited values provisions measures
4 N\
simple separation from
"\ Limitation of voltage Protection by protective - earth,
SELV (6.7 : - PELV,
( ) _\/ (5.2.6) separation (5.4.3) - other SELV systems
(5.3.7)
. J
e N
I SOme CdsSes.
J\ Limitation of voltage Protection by protective ) f:}(is%iltz;?ir:)il bgrSiC
PELV (6.8) “/ (5.2.6) separation (5.4.3) - barriers-or
enclosures
. J
4 R\
Supply by
Ljmitation of imited . brotection b oot
_ \ | - limited curren rotection by protective
stea jy state touch source (5.4.4), or separation
currgnt and charge j/ - protective (5.4.3)
(6.9) impedance device
(5.4.5)
N J

Figure A.2 — Protective measures with.fimited values of electrical quantities

IEC
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Figure A.3 shows the relationship between protective measures for additional protection and
their respective provisions

Measures Provisions
e ™
| J\ Protective-equipotential
o bonding
/ Bt (5.3.3)
(5.2.2)
or
Aglditional protection or andlor Automatic disconnection
by RCD (6.10.1) (5.3.6)
or
- \ Barriers or enclosures
— (5.2.3)
Other provisions
(5.3.10)
N\ J
e N

— Supplementary insulatipn

—] (5.3.2)
Basic insulation
(5.2.2)
or
Aflditional protection
Dy supplementary Protective-equipotential
protective- or + bonding
eqduipotentialdonding (5.3.3)
(6.10.2)
or
N Barriers orenclosures
- (5.2.3)
Other provisions
(5.3.10)
\ y

IEC

Figure A.3 — Protective measure: additional protection
(in addition to basic and/or fault protection)
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Annex B
(informative)

Index of-definition terms

Term Subclause reference
additional protection 3.1.3

arm's reach 3.15
automatic disconnection of supply 3.18

barrief, (electrically) protective 3.13

basic |nsulation 8:10.1

basic protection 3.11
bonding, see equipotential bonding 3.16

circuit] (electric) 3.2
(conddictive) screen 3.20

(conddictive) shield (US)
condugtor
¢arthing conductor 3.17.5

grounding conductor (US)

llIne conductor 3.16.10
nfeutral conductor 3.16.11
PE conductor 3.16.5
PEM conductor 3.16.7
PEN conductor 3.16.6
PEL conductor 3.16.8
protective conductor,PE 3.16.4
protective bonding condugtof 3.16.9
dangefr zone 3.35
discorlnection of stpply, automatic 3.18
doublg insulation 3.10.3
earth 3.17
earth (verb) 3.17.1
earth electrode 3.17.4

ground electrode (US)

(local) earth 3.17.3
(local) ground (US)
reference earth 3.17.2

reference ground (US)

earthing
functional earthing 3.17.8
functional grounding (US)
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Term Subclause reference
earthing arrangement 3.17.6
grounding arrangement (US)
earthing conductor 3.17.5
grounding conductor (US)
protective earthing 3.17.7
protective grounding (US)

(effective) touch voltage 3.8.1

electric burn 3.43

{electiic) circuit 3.2

electric shock 3.4

{electfical} equipment 3.3

(electfical) installation 3.40

(electfical) separation 3.25

(electfically) instructed person 3.31

(electiically) skilled person 3.30

(electiically) protective barrier 3.13

(electiically) protective enclosure 3.14

(electfically) protective obstacle 3.12

(electiically) protective screen 3.21

(electiically protective shield (US)

(electfically) protective screening 3.22

(electiically) protective shielding (US)

(electiically) protective separation 3.24

electrgde
garth electrode 3.17.4
ground electrode (US)

encloqure, (electrically) protective 3.14

enhanjced protective provision 3.19

equipment, {electrical} 3.3

equipment, stationary 3.37

equipgtential bonding 3.16

equipgtential bonding terminal 3.16.2

PEN-conductor 3165
protective-equipotential-bonding 3.16.1

exposed-conductive-part 3.6

extra-low voltage (ELV) 3.26
PELV system 3.26.2
SELV system 3.26.1

extraneous-conductive-part 3.7

fault protection 3.1.2

fault condition, single 3.1.4
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Term Subclause reference
functional earthing 3.17.8
functional grounding (US)

grading, potential 3.34
ground electrode (US) 3.17.4
ground, (local) (US) 3.17.3
ground, reference (US) 3.17.2
grounding arrangement (US) 3.17.6
groungling conductor (US) 3.17.5
groungling, functional (US) 3.17.8
groungling, protective (US) 3A77
hazargous-live-part 3.5
impulde withstand voltage 3.42
installption, (electrical) 3.40
instru¢ted person, (electrically) 3.31
Insulation 3.10
Basic insulation 3.10.1
double insulation 3.10.3
reinforced insulation 3.10.4
qupplementary insulation 3.10.2
isolatipn 3.41
leakage current 3.36
line cqnductor 3.16.10
limitatjon of steady-state touch curfent'and electric charge, (protection by) 3.27
limited-current-source 3.28
live pgrt 3.4
(local) earth 3.17.3
(local)y ground (US)
neutrgl condugtor 3.16.11
non-cpndieting environment 3.11
obstacle, (electrically) protective 3.12
ordinary person 3.32
PE conductor 3,16.5
PEL conductor 3.16.8
PEM conductor 3.16.7
PEN conductor 3.16.6
PELV system 3.26.2
person:
instructed person, (electrically) 3.31

skilled person, (electrically) 3.30
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Term

protection:

— 59 —

SELV system

separation

shock, electric

Subclause reference
ordinary person 3.32
potential grading 3.34
prospective touch voltage 3.8.2
additional protection 3.1.3
basic protection 3.1.1
fault protection 3.1.2
protection by limitation of steady-state touch current and electric charge 3.27
protedtive barrier, (electrically) 3.13
protedtive bonding conductor 3.16-9
protedtive bonding terminal 3.16:3
protedtive conductor-PE 3.16.4
protedtive conductor current 3.38
protedtive earthing 3.17.7
protegdtive grounding (US)
protedtive enclosure, (electrically) 3.14
protedtive-equipotential-bonding 3.16.1
protedtive impedance device 3.29
protedtive measure 3.45
protedtive obstacle, (electrically) 3.12
proteqtive provision 3.44
protedtive screen, (electrically) 3.21
protedtive shield (US), (electrically)
protedtive screening, (electrically) 3.22
protedtive shielding (US), (electrically)
protedtive separation, (electrically) 3.24
referepce earth 3.17.2
referehce ground (US)
reinfofced insulation 3.10.4
screen, (condugtive) 3.20
screen, protéective 3.21
screening protective 3.22
3.26.1
electrical separation 3.25
(electrically) protective separation 3.24
simple separation 3.23
shield, (conductive) (US) 3.20
shield, protective (US) 3.21
shielding, protective (US) 3.22
3.1
single fault condition 3.1.4
skilled person, (electrically) 3.30
3.37

stationary equipment
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Term Subclause reference
step voltage 3.33
supplementary insulation 3.10.2
system 3.39
terminal
equipotential bonding terminal 3.16.2
protective bonding terminal 3.16.3
touch current 3.9
limitation of steady-state touch current and electric charge (protection by) 3.27
touch jvoltage 3.8
leffective) touch voltage 3.8.1
prospective touch voltage 3.8.2
voltage
impulse withstand voltage 3.42
4tep voltage 3.33

fouch voltage 3.8
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Annex C

(informative)

List of notes concerning certain countries

Country

Clause

Nature (permanent or
less permanent
according to IEC
Directives)

Rationale (detailed
justification for the
requested country note)

Wording

PT

3.1.1

In Portugal for low-voltage

illbi.d“di.;ullb, bybi.vlllb all t
equipment, basic protecti
generally corresponds\o

protection against d co

tact.

PT

3.1.2

In Portugal for |
installations tems and
equipment protection

generall&s@ﬂesponds to
proteth against indirect ¢

oltage

pbntact.

AT

6.5

permanent

long practical experiences
and physical facts

Austria, in case of {
ransformer as sour
protection by el
4 separation a safety ig
transformer complying
IEC 61558-2-6 is requir

e

In  Austria, the
equipotential-bonding
needs not to be e
Under certain conditio
intentional earthing
interconnecting condu
the exposed-conductiv
of the curren|
equipment is allowed.

sing a
e for
bctrical
olating

with
ed.

profective-

Bystem
Brthed.
hs, an
bf  the
tor or
E-parts
[-using

7.2

In Italy class 0 shall not be
for the design and manufac
equipments.

ised
ure of

us

7.3.5.1

In the USA, solid colour gre

for connection to the protec

conductor.

En is

also used to indicate the tefqminal

ve
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROTECTION AGAINST ELECTRIC SHOCK -
COMMON ASPECTS FOR INSTALLATION AND EQUIPMENT

FOREWORD
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g) Requirements relating to current in the protective conductor were moved to the main body
of the standard
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xt of this standard is based on the following documents:
FDIS Report on voting
64/2076/FDIS 64/2091/RVD
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standard.
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e replaced by a revised edition, or

e anj

ended.
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PROTECTION AGAINST ELECTRIC SHOCK -
COMMON ASPECTS FOR INSTALLATIONS AND EQUIPMENT

1 Scope

This International Standard is a basic safety publication primarily intended for use by
technical committees in the preparation of standards in accordance with the principles laid

down

n IFC Guide 104 and ISO/IFC Guide 51

It is ng
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their p

t intended to be used as a stand-alone standard.

ling to IEC Guide 104, technical committees, when preparing, amending, or rg
ublications, are required to make use of any basic safety publication.'such as IEC

vising
61140.
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undat¢d references, the Ilatest edition of the referenced document (including

amend

The intent is to give fundamental principles and requireménts which are comn
cal installations, systems and equipment or necessary for)their coordination, v
ons with regard to the magnitude of the voltage or curtent, or the type of curren
uencies up to 1 000 Hz.

hon to
ithout
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nent. For the purposes of this standard, low-voltage is any rated voltage up
ng 1000V a.c. or 1500V d.c.. High.voltage is any rated voltage exc
\V a.c. or 1 500V d.c..

Ild be noted that, for an efficient design and selection of protective measures, th

forms. The installations or_equipment may influence the waveform of the voltag
erters or converters. The.currents flowing under normal operating conditions and
pnditions depend on the described voltage.

brmative references

llowing documents, in whole or in part, are normatively referenced in this docume
Hispensable-for its application. For dated references, only the edition cited applig

ments) applies.

IEC 60038—+E6-standardvofteages——————————— |

clauses in this standard refer to low-voltage and high-voltage systems, installatiois and

o and
eding

e type
Itage,

idal, transient, phase controlled, superimposed d.c., as well as a possible mixture of

P, e.g.
under

ht and
s. For
any

IEC 60068 (all parts), Environmental testing

IEC 60071-1, Insulation coordination — Part 1: Definitions, principles and rules

IEC 60071-2, Insulation coordination — Part 2: Application guide

IEC 60364-5-54:2011, Low-voltage electrical installations — Part 5-54: Selection and erection
of electrical equipment — Earthing arrangements and protective conductors

IEC 60417, Graphical symbols for use on equipment
(available at http://www.graphical-symbols.info/equipment)
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IEC 60445, Basic and safety principles for man-machine interface, marking and identification
— Identification of equipment terminals, conductor terminations and conductors

IEC TS 60479-1:2005, Effects of current on human beings and livestock — Part 1: General
aspects

IEC TR 60479-5, Effects of current on human beings and livestock — Part 5: Touch voltage
threshold values for physiological effects

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

IEC 60664 (all parts), Insulation coordination for equipment within low-voltage systems

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

IEC 60721 (all parts), Classification of environmental conditions
IEC 60990, Methods of measurement of touch current and protectiveyconductor current
IEC T$ 61201:2007, Use of conventional touch voltage limits ~Application guide

IEC 62271-102, High-voltage switchgear and controlgear — Part 102: Alternating durrent
disconnectors and earthing switches

IEC Guide 104, The preparation of safety publications and the use of basic safety publidations
and group safety publications

ISO/IHC Guide 51:2014, Safety aspects <>Guidelines for their inclusion in standards

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE |An index of definitions)is given in Annex B.

3.1
electrjc shock
physiglogical.effect resulting from an electric current through a human body or livestock

Note 1 jo €ntry: Physiological effects include, for example, perception, muscular contractions and tetany, qifficulty
in breathing; disturbances of heart function, immobilization, cardiac arrest, breathing arrest, burns or other|cellular
damage.

Note 2 to entry: Physiological effects resulting from EMF are not considered in this standard.

[SOURCE: IEC 60050-195:1998, 195-01-04, modified — "through a human body or livestock"
replaces "passing through a human or animal body"; addition of 2 Notes to entry]

3.1.1

basic protection
protection against electric shock under fault-free conditions

[SOURCE: IEC 60050-195:1998, 195-06-01]
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3.1.2
fault protection
protection against electric shock under single fault conditions

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-06-02]

3.1.3
additional protection
protection against electric shock in addition to basic protection and/or fault protection

[SOURCE:IEC 60050-826:2004, 826-12-07, modified — “protection against electric shock”
replaces “protective measure”]

3.1.4
singlqg fault condition
conditjon in which one means for protection against electric shock is defective or one fault is
present which could cause a hazard

Note 1 fo entry: If a single fault condition results in one or more other fault conditions, all are considered|as one
single fault condition.

3.2
electrjc circuit
arrandement of devices or media through which electric current can flow

Note 1 jo entry: See also IEC 60050-826:2004, 826-14-01 for electrical installations of buildings.

3.3
electrjcal equipment
item used for such purposes as generation, conversion, transmission, distribution or utilization
of elelctric energy, such as electric maghines, transformers, switchgear and contrqlgear,
measyring instruments, protective devices, wiring systems, current-using equipment

[SOURCE: IEC 60050-826:2004, 826-16-01]

3.4
live part
condugtive part intendéd)to be energized in normal conditions, including a neutral conductor
or mid-point conducton, but by convention not a PEN conductor or PEM conductor or PEL
condugtor

Note 1 jo entry:\\Ihis concept does not necessarily imply a risk of electric shock.

[SOURGE:-IEC 60050-195:1998, 195-02-19, modified — “...normal conditions, including a
neutral_eonductor or mid-point conductor” replaces “normal operation, including a neutral

conductor..”]

3.5
hazardous-live-part
live part which, under certain conditions, can give a harmful electric shock

Note 1 to entry: In case of high voltage, a hazardous voltage may be present on the surface of solid insulation. In
such a case the surface is considered to be a hazardous-live-part.

[SOURCE: IEC 60050-195:1998, 195-06-05]

3.6

exposed-conductive-part

conductive part of equipment, which can be touched and which is not normally live, but which
can become live when basic insulation fails
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Note 1 to entry: A conductive part of electrical equipment which can become live only through contact with an
exposed-conductive-part which has become live, is not considered to be an exposed-conductive-part itself.

[SOURCE: IEC 60050-195:1998, 195-06-10]

3.7

extraneous-conductive-part

conductive part not forming part of the electrical installation and liable to introduce an electric
potential, generally the electric potential of a local earth

[SOURCE: IEC 60050-195:1998, 195-06-11]

3.8
touch|voltage

3.8.1
(effective) touch voltage
voltage between conductive parts when touched simultaneously by a humah|or livestock

Note 1 fo entry: The value of the effective touch voltage may be appreciably influenced by the impedance of the
person pr the livestock in electric contact with these conductive parts.

[SOURCE: IEC 60050-195:1998, 195-05-11, modified — “by a human or livestock” replacgs “by
a pergon or an animal’]

3.8.2
prospjective touch voltage
voltage between simultaneously accessible conductive parts when those conductive pafts are
not beling touched, by a human or livestock

[SOURCE: IEC 60050-195:1998, 195-05-09, modified — “by a human or livestock” replacges “by
a persgon or an animal’]

3.9
touch|current
electric current passing throughra human body or through livestock when it touches ¢ne or
more accessible parts of an.installation or of equipment

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-05-21, modified — *“through livgstock”
replaces “through an‘animal body”]

3.10

insuldtion

set of [properties which characterize the ability of an insulation to provide its function

Note 1 to entry: Examples of relevant properties are: resistance, breakdown voltage.

Note 2 to entry: Insulation can be a solid, a liquid or a gas (e.g. air), or any combination.

[SOURCE: IEC 60050-151:2001, 151-15-42, modified — Note 2 to entry added]

3.10.1
basic insulation
insulation of hazardous-live-parts which provides basic protection

Note 1 to entry: This concept does not apply to insulation used exclusively for functional purposes.

[SOURCE: IEC 60050-195:1998, 195-06-06]
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3.10.2

suppl

ementary insulation

independent insulation applied in addition to basic insulation, for fault protection

[SOURCE: IEC 60050-195:1998, 195-06-07]

3.10.3
doubl

e insulation

insulation comprising both basic insulation and supplementary insulation

[SOURCE: IEC 60050-195:1998, 195-06-08]

3.10.

insula

to double insulation

Note 1
insulati

[SOUH

3.1

non-c
provis
becon

[SOUS

3.12
(elect
part g

prevemting such contact by delibgrate action

reinficed insulation

ion of hazardous-live-parts which provides protection against electric shock equ

to entry: Reinforced insulation may comprise several layers which cannot be tested singly a
bn or supplementary insulation.

RCE: IEC 60050-195:1998, 195-06-09, modified — ..provides fa degree” of ..., dele

pnducting environment
on whereby a human or livestock touching.fan exposed-conductive-part thsg

RCE: IEC 60050-195:1998, 195-06-21,*modified — “animal” replaced by “livestock”]

rically) protective obstacle
reventing unintentional contact by a human or livestock with a live part, b

valent

5 basic

ed]

t has

e hazardous-live is protected by the high impedance of his environment (e.g. insdilating
walls and floors) and by the absence of earthed conductive parts

Ut not

ntact"

m any

[SOURCE: IEC 60050-195:1998, 195-06-16, modified — "direct contact" replaced by "cqg
and "By a human or livestock with a live part”.. introduced]

3.13

(electfically) protective barrier

part providing\.protection against contact by a human or livestock with a live part fro
usual firegtion of access

[SOUF ; = ; - =06=15" —

and “by a human or livestock with a live part” ... introduced]

3.14

(electrically) protective enclosure
electrical enclosure surrounding internal parts of equipment to prevent access to a live-part
from any direction

Note 1 to entry:

ingress

of dust or water or prevention of mechanical damage.

)ntact"

In addition, an enclosure generally provides protection against internal or external influences, e.g.

[SOURCE: IEC 60050-195:1998, 195-06-14, modified — "hazardous live-parts" replaced by "a
live-part" and Note 1 to entry added]
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3.15

arm's reach

zone of accessibility to touch extending from any point on a surface where persons usually
stand or move about to the limits which a person can reach with the hand, in any direction,
without assistance

[SOURCE: IEC 60050-195:1998, 195-06-12]

3.16

equipotential bonding
provision of electric connections between conductive parts intended to achieve
equip'tcutiqiity

Note 1 fo entry: The effectiveness of the equipotential bonding may depend on the frequency of the cufrent in the
bonding.

[SOURCE: IEC 60050-195:1998, 195-01-10, modified — Note 1 to entry added]

3.16.1
prote¢tive-equipotential-bonding
equipotential bonding for the purposes of safety (e.g. protection against electric shock)

Note 1 jo entry: Functional equipotential bonding is defined in IEC 60050:195:1998, 195-01-16.

[SOURCE: IEC 60050-195:1998, 195-01-15, modified ¢ “(e.g. protection against €lectric
shock)” introduced and Note 1 to entry added]

3.16.

equipptential bonding terminal
terminfal provided on equipment or on a device and intended for the electric connection with
the equipotential bonding system

[SOURCE: IEC 60050-195:1998, 195-02-32]
3.16.

prote¢tive bonding terminal
terminfal intended for protective-equipotential-bonding purposes

3.16.
prote¢tive conductor
condugtor proyided for purposes of safety, for example protection against electric shock

[SOURCESIEC 60050-195:1998, 195-02-09]

3.16.5
PE conductor
protective conductor provided for protective earthing

[SOURCE: IEC 60050-195:1998, 195-02-11, modified — term title changed]

3.16.6

PEN conductor

conductor combining the functions of both a protective earthing conductor and a neutral
conductor

[SOURCE: IEC 60050-195:1998, 195-02-12]
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3.16.7

PEM conductor

conductor combining the functions of both a protective earthing conductor and a mid-point
conductor

[SOURCE: IEC 60050-195:1998, 195-02-13]

3.16.8

PEL conductor

conductor combining the functions of both a protective earthing conductor and a line
conductor

[SOURCE: IEC 60050-195:1998, 195-02-14]

3.16.9
prote¢tive bonding conductor
protegtive conductor provided for protective-equipotential-bonding

conduptor which is energized in normal operationf\and capable of contributing {o the
transmission or distribution of electric energy but which is not a neutral or mid-point congluctor

neutral conductor
conduftor electrically connected to_the neutral point and capable of contributing fo the
distribution of electric energy

[SOURCE: IEC 60050-195:1998; 195-02-06]

3.17
earth
concept embracingtithe planet and all its physical matter

stem,

installationor equipment

Note 1 to entry: The connection to local earth may be:
— intentional; or
— unintentional; or

- accidental

and may be permanent or temporary.

3.17.2

reference earth

reference ground (US)

part of the Earth considered as conductive, the electric potential of which is conventionally
taken as zero, being outside the zone of influence of any earthing arrangement
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[SOURCE: IEC 60050-195:1998, 195-01-01, modified — Note deleted]

3.17.3

(local) earth

(local)

ground (US)

part of the Earth which is in electric contact with an earth electrode and the electric potential
of which is not necessarily equal to zero

[SOURCE: IEC 60050-195:1998, 195-01-03]

3.17.4

earth jelectrode

groun
condu
coke,

[SOUH

3.17.5

earthing conductor

groun
condu
point i

[SOUR

3.17.

earth?Lg arrangement

groun

I electrode (US)
ctive part, which may be embedded in a specific conductive medium, e.g<{¢encrete or
n electric contact with the Earth

RCE: IEC 60050-195:1998, 195-02-01]

ling conductor (US)
ctor which provides a conductive path, or part of the conductive path, between a| given
h a system or in an installation or in equipment and anmearth electrode

RCE: IEC 60050-195:1998, 195-02-03]

ling arrangement (US)

all theg
and e

electric connections and devices nvolved in the earthing of a system, an instdllation
uipment

Note 1 |to entry: This could be a localy-limited arrangement of interconnected earth electrodes on the high-

voltage|side.

[SOURCE: IEC 60050-195:1998, 195-02-20, modified — Note 1 to entry added]

3.17.

prote¢tive earthing

prote

ive grounding (US)

earthing a point‘or points in a system or in an installation or in equipment for purpoges of

electrical safety

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-01-11]

3.17.8
functi

onal earthing

functional grounding (US)
earthing a point or points in a system or in an installation or in equipment for purposes other

than e

lectrical safety

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-01-13]

3.18

automatic disconnection of supply
interruption of one or more of the line conductors effected by the automatic operation of a

protec

tive device in the event of a fault
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Note 1 to entry: This does not necessarily mean an interruption in all conductors of the supply system.

[SOURCE: IEC 60050-195:1998, 195-04-10, modified — “in the event of a fault” replaces “in
case of a fault” and Note 1 to entry added]

3.19

enhanced protective provision

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

3.20

(condr.c.LuLe.)_s.n.r.e' en
(conddictive) shield (US)

conduftive part that encloses or separates electric circuits and/or conductors

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-02-38]

3.21
(electfically) protective screen

(electyically) protective shield (US)
condul:tive screen (shield) used to separate an electric circuit and/or conductory from
hazardous-live-parts

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-06-17]

3.22
(electfically) protective screening

(electyically) protective shielding (US)
separation of electric circuits or conductors™from hazardous-live-parts by an elecfrically
protedtive screen connected to the protegtive-equipotential-bonding system and intengled to
provide protection against electric shock

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-06-18]

3.23
simple separation
separation between electric circuits or between an electric circuit and local earth by mepns of
basic |nsulation

[SOURCE: IEC 60050-826:2004, 826-12-28]

3.24
(electfrically) protective separation

separatior-of-one-elesiriccircuitfrom—anotherbymeansof—r—m — r

— double insulation; or

— basic insulation and electrically protective screening (shielding); or
— reinforced insulation

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-06-19]

3.25

(electrical) separation

protective measure in which hazardous-live-parts are insulated from all other electric circuits
and parts, from local earth and from touch

[SOURCE: IEC 60050-826:2004, 826-12-27]
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3.26
extra-low voltage
ELV
voltage not exceeding the maximum value of the prospective touch voltage which is permitted
to be maintained indefinitely under specified conditions of external influences

3.26.1
SELV system
electric system in which the voltage cannot exceed the value of extra-low voltage:
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o entry: SELV is the abbreviation for safety extra-low voltage.

RCE: IEC 60050-826:2004, 826-12-31]

system
c system in which the voltage cannot exceed the value of extraklow voltage:

der normal conditions and
Her single fault conditions, except earth faults in other electric circuits

o entry: PELV is the abbreviation for protective extra-low voftage.

RCE: IEC 60050-826:2004, 826-12-32]

ttion by limitation of steady-state touch current and electric charge

2016

tion against electric shock by electrie\circuit or equipment design so that under normal

ult conditions the steady-state .current and electric charge are limited to bdgl
ous level

ow a

RCE: IEC 60050-826:2004¢ ,826-12-34, modified — "steady-state current" replaged by

y-state touch current"]

f-current-source
supplying electrical energy in an electric circuit

w
leV

w:]h protective-separation from hazardous-live-parts, and

ich ensures that the steady-state touch current and charge are limited to non-haza
els, wnder normal and fault conditions

3.29
protective impedance device
component or assembly of components whose impedance and construction limit steady-state-
touch current and electric charge to non-hazardous levels

[SOURCE: IEC 60050-826:2004, 826-12-35, modified — “are intended to” limit ... deleted]

3.30
(electrically) skilled person
person with relevant education and experience to enable him or her to perceive risks and to
avoid hazards which electricity can create

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-04-01]

rdous
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3.31

(electrically) instructed person

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

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-04-02]

3.32
ordinary person
person who is neither a skilled person nor an instructed person

[SOURCE: [EC 60050-195:1998, 195-04-03]

3.33
step Joltage
voltage between two points on the Earth's surface that are 1 m distant from_each other

Note 1 fo entry: 1 m is considered to be the stride length of a person.

[SOURCE: IEC 60050-195:1998, 195-05-12, modified — “, which is ‘considered to be the|stride
length| of a person” ...deleted and Note 1 to entry added]

3.34
potential grading
contrg of the earth potential, especially the earth~surface potential, by means of| earth
electrgdes

3.35
dangegr zone
in the|case of high voltage, area limited-by the minimum clearance around hazardous-live-
parts Without complete protection

Note 1 jo entry: Entering the danger zone is’considered the same as touching hazardous-live-parts.

3.36
leakage current
electric current in an unintended conductive path under normal conditions

[SOURCE: IEC 60050-195:1998, 195-05-15, modified — "unintended" replaces "unwantefl"]

3.37
statiophary-equipment
fixed ¢quipment or electric equipment not provided with a carrying handle and having such a
mass hat’it cannot easily be moved

Note 1 to entry: The value of this mass is minimum 18 kg in IEC standards relating to household appliances.

[SOURCE: IEC 60050-826:2004, 826-16-06, modified — "minimum" added to Note 1 to entry]

3.38

protective conductor current

electric current appearing in a protective conductor, such as leakage current or electric
current resulting from an insulation fault

[SOURCE: IEC 60050-826:2004, 826-11-21]
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3.39

system

set of interrelated elements considered in a defined context as a whole and separated from
their environment

[SOURCE: IEC 60050-351:2013, 351-42-08, modified — Notes deleted]

3.40

(electrical) installation

assembly of associated electric equipment having coordinated characteristics to fulfil specific
purposes

[SOURCE: IEC 60050-826:2004, 826-10-01]

3.41
isolatjon
functign intended to disconnect and maintain for reasons of safety adequaté clearanc¢ from
every source of electric energy

3.42
impulse withstand voltage
peak |value of impulse voltage of prescribed form and  pelarity which does not |cause
breakdown of insulation under specified conditions

3.43
electrjc burn
burning of the skin or an organ caused by an eleétric current along its surface or through it

[SOURCE: IEC 60050-195:1998, 195-03-01]

3.44
prote¢tive provision
indepegndent provision intended to\protect against electric shock under specified conditigns

Note 1 jo entry: The provision may be a means or technique or device or process.

3.45
prote¢tive measure
appropriate combination of protective provisions for protection against electric shock

4 Fundamental rule of protection against electric shock

4.1 General

Electric shock is defined as the physiological effect resulting from an electric current passing
through a human body or livestock. The physiological effect might be harmful (such as
ventricular fibrillation, burns, asphyxiation), see 4.2 to 4.5, or non-harmful (such as muscular
reaction, perception), see 4.6.

Hazardous-live-parts shall not be accessible and accessible-conductive-parts shall not be
hazardous live either:

— under normal conditions (operation in intended use, see 3.6 of ISO/IEC Guide 51:2014,
and absence of a fault); or

— under single-fault conditions.

NOTE The accessibility rules for ordinary persons can differ from those for skilled or instructed persons and can
also vary for different products and locations.
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For high-voltage installations, systems and equipment, entering the danger zone is
considered the same as touching hazardous-live-part.

Protection under normal conditions (see 4.2) is provided by basic protection. Protection under
single-fault conditions (see 4.3) is provided by fault protection. Additional protection is
specified as part of a protective measure (see 4.4), where applicable.

Enhanced protective provisions (see 4.3.3) provide protection under both normal and single-
fault conditions.

4.2 Normal conditions

To mget the fundamental rule for protection against electric shock under normal conditions,
basic protection, as specified in this standard, is necessary.

The rgquirements for provisions for basic protection are given in 5.2.

In order to provide requirements for installations and for equipment, the:following bangls are
specifled:

e High voltage (HV)

wHhere protection against electric shock is ensured by, special measures, in particular
eafthing arrangements.

e Lo voltage (LV)

where protection against electric shock is ensured* by basic protection and in general also
faylt protection.

Exfra-low-voltage (ELV) is a part of the L\ b@and.

When ELV is applied, fault protection«may not be needed, and under certain conglitions
bapic protection is provided by limitation of voltage. These conditions include contact area,
maqisture, voltage, current, and others defined for particular applications.

Table |1 specifies the different voltage limits for the above mentioned bands.

The values in Table 1 are baséd on the following conditions:

e a.g. systems:

— | for earthed systems by the r.m.s. values of the voltages between line and earth and
between Jines;

— | for isolated or not effectively earthed systems, by the r.m.s. value of the vpltage
between lines.

o d.g..systems:

— for earthed systems by values of the voltages between line and earth and between
lines;

— for isolated or not effectively earthed systems, by the value of the voltage between
lines.

Table 1 — Limits for voltage bands

Voltage band a.c. d.c.
HV > 1000V >1500V
<1000V <1500V
LV
ELV <50V <120V
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The upper limit of ELV of 120 V d.c. has for many years been agreed by convention. However,
different environmental and contact situations as described in IEC TS 60479-1 cause different
values of touch current, for a given voltage. Also the waveform of the current and the path
taken through the body strongly influences the level of danger. Therefore, technical
committees are requested to consider very carefully whether an ELV value less than 120 V
d.c. might be necessary for their specific standard.

4.3 Single-fault conditions
4.3.1 General

Single faults shall be considered, if they would

— capse an accessible, non-hazardous-live-part to become a hazardous-live-part (.9 due to
failure to limit the steady-state touch current and charge); or

— capse an accessible conductive part which is not live under normal conditions’to becpme a
hafgardous-live-part (e.g. due to failure of basic insulation to exposed-conductive-pars); or

— capse a hazardous-live-part to become accessible (e.g. by mechanical failure |of an
englosure).

To meet the fundamental rule under single-fault conditions, fault “protection, and in ¢ertain
cases|additional protection, is necessary. This protection can bé achieved by

— a further protective provision, independent of that for basic protection (see 4.3.2), or

— an| enhanced protective provision (see 4.3.3) which provides both basic and fault
protection,

taking|account of all relevant influences.
The rdquirements for provisions for fault protection are given in 5.3.

4.3.2 Protection by independent protective provisions

Each pf the independent protective provisions shall be designed so that a failure is uplikely
under|conditions specified by therelevant technical committee.

The independent protective provisions shall have no influence on each other such that a
failure] of one of the praétéctive provisions could impair another.

Simulfaneous failtire’ of independent protective provisions is unlikely and need not normTIIy be
taken finto consideration. Reliance is placed on the unaffected protective provisions remfaining
effective.

4.3.3 Protection by an enhanced protective provision

The properties of an enhanced protective provision shall be such that the same continued
effectiveness of protection as provided by two independent protective provisions is achieved.
Requirements for enhanced protective provisions are given in 5.4.

4.4 Additional protection

If the intended use implies an increased inherent risk, e.g. for areas with a low-impedance
contact of persons with earth potential, technical committees shall consider the possible need
to specify additional protection. Such additional protection may be provided in the installation,
in the system or in the equipment.

Requirements for additional protection are given in 5.5.
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Single fault conditions resulting in one or multiple subsequent failures shall be considered as

a sing

4.5

le fault condition.

Protection against electric burns

Technical committees shall specify measures to protect against electric burns in their
standards.

An electric burn can be caused where a current of sufficient density and duration flows
through the human body or livestock. Arcs can also cause burns.

The e

TeClS Ccan be severe even It only a small part or the body IS Involved.

NOTE 1 Deep-seated burns and other internal injuries, or surface burns can occur.

NOTE 2 Technical information on electric burns can be found in IEC TS 60479-1 and measurement tech
IEC 60990 for many cases.

4.6
4.6.1

Techn
in thei

Protection against physiological effects without adverse health-effect
General

ical committees shall consider whether the following effeGts are to be taken into a
I standards.

Current flowing through a human body without beingidirectly harmful may cause situ

which

are inconvenient or hazardous (such as results of startle reaction).

This may concern threshold of perception or threshold of pain or heat sensation.

4.6.2

Involu
or live
100 H
IECT

For al
ripple

Muscular reaction

htary muscular contractions are, likely to occur, when currents through the humar
stock are flowing in the range of areas AC-2 of the time/current zones, for a.c. 15

5 60479-1.

ternating current-with a frequency not exceeding 100 Hz, or for a direct currer
not exceeding~10 %, the touch voltage threshold for reaction shall not exce¢

valueq in Table 2:

These

Table 2 — Touch voltage thresholds for reaction

ique in

count

ations

body
Hz to

z, and in the range of areas DC-2 of the time/current zones, for d.c., according to

t with
d the

Type of reaction Voltage threshold
2 \vl - L
Startle reaction
8Vd.c
20 V a.c. or
Muscular reaction
40V d.c

values of Table 2 are defined for dry conditions and a contact area of 35 cm2.

If other environmental conditions, such as salt water wet, water wet or immersed are
considered, these values may be reduced, depending also on the current path through the

body.
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4.6.3 Effects of touch current of discharge of electrostatic charges

Startle reactions are likely to occur when currents resulting from electrostatic discharge are
flowing in the human body or livestock.

4.6.4 Thermal effects

Heat sensation can be experienced, when even small values of current are flowing through
the human body or livestock. The effect may be more evident at higher frequencies.

Effects such as rise in blood pressure, immobilization, disturbances of formation and
conduction of cardiac impll'QnQ (inrlllding atrial fibrillation and transient rhyfhm disturba nces)

may ofcur.

5 Protective provisions (elements of protective measures)

5.1 General

Subclauses 5.2 to 5.5 give an overview of the different protective “provisions. Profective
measyres result from a suitable combination of them. The struéture of typical profective
measyres is described in Clause 6.

All prptective provisions shall be designed and constracted to be effective durirlg the
anticipated lifetime of the installation, of the system-l@r of the equipment when used as
intended and properly maintained.

The epvironment shall be taken into account by use of the classification of external influences
as degcribed in the IEC 60721 series and forctesting in the |IEC 60068 series. Attention is
particllarly drawn to the ambient temperature, climatic conditions, presence of water,
mechanical stresses, capability of persons*and area of contact of persons or livestogk with
earth potential.

Technfical committees shall take ‘dccount of the requirements for insulation coordination. For
low-vqltage installations, systems and equipment these requirements are found (n the
IEC 60664 series which also.gives dimensioning rules for clearances (in air) and creepage
distanpes as well as dimensioning guidance for solid insulation. For high-voltage installations,
systems and equipment;the requirements are found in IEC 60071-1 and IEC 60071-2.

5.2 |Provisions.for basic protection
5.2.1 General

Basic jpretection shall consist of one or more provisions that, under normal conditions, pfevent
contagt'with hazardous-live-parts.

NOTE Paints, varnishes, lacquers and similar products alone are generally not considered to provide adequate
insulation for protection against electric shock in normal service.

Subclauses 5.2.2 to 5.2.9 specify some individual provisions for basic protection.

5.2.2 Basic insulation

5.2.2.1 Where solid basic insulation is used, it shall prevent contact with hazardous-live-
parts.

In case of high-voltage installations and equipment, a voltage may be present on the surface
of solid insulation and further precautions shall be considered.
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5.2.2.2 Where basic insulation is provided by air, access to hazardous-live-parts or
entering the danger zone shall be prevented by obstacles, protective barriers or enclosures as
specified in 5.2.3 and 5.2.4 or by placing out of arm's reach as specified in 5.2.5.

5.2.3 Protective barriers or enclosures

5.2.31 Protective barriers or enclosures shall prevent:

— in the case of low-voltage installations and equipment, access to hazardous-live-parts by
providing a degree of protection against electric shock of at least IPXXB or IP2X of
IEC 60529 and, for readily accessible horizontal top surfaces of protective barriers or
enclosures, at least IPXXD or IP4X

- |n thc CdotT Uf h;yh-vu:tagc ;Ilbtd“at;ullb ﬂIIClI Uqu;plllcllt, Ulltclillu thc ddllycl A Ile by
providing a degree of protection of at least IPXXB or IP2X of IEC 60529, and
copsideration shall be given to providing a degree of protection of at least IPXXD’ of IP4X
forl readily accessible horizontal top surfaces of protective barriers or enclosures

NOTE |The IP code applies to the enclosures of electrical equipment of rated voltage not exeeeding 72,5 kY.

5.2.3.2 Protective barriers or enclosures shall have sufficient mechahical strength, s{ability
and dprability to maintain the specified degree of protection, taking account of all relevant
influences from the environment and from inside the enclosure. They shall be firmly s¢cured
in plage.

5.2.3.3 Where the design or construction allows for the removal of protective barriefs, the
opening of enclosures or the removal of parts of enclosures;-access to hazardous-live-parts or
entering the danger zone shall be possible only

— byl|the use of a key or tool, or

— after isolation of hazardous-live-parts from the supply circuit where the enclosure would no
longer provide protection, restoration of.the supply shall become possible only after
replacement of protective barriers or parts.of enclosures or after the closing of doors| or

— wHhere an intermediate barrier still gmaintains the required degree of protection)| such
bafrier being removable only by the-use of a key or tool.

NOTE |See also Clause 8.

5.24 Obstacles

5.2.4. Obstacles are.intended to protect skilled or instructed persons but their use|is not
permifted for the protection of ordinary persons.

5.2.4. During.the operation of the installation, system or equipment under gpecial
operaling and servicing conditions (see Clause 8), obstacles shall prevent:

— in|the case of low-voltage installations and equipment, unintentional contacf with
hagardous-live-parts, or

anger

5.24.3 Obstacles may be removable without using a key or tool but shall be so secured as
to make unintentional removal unlikely.

5.2.4.4 Where a conductive obstacle is separated from hazardous-live-parts by basic
insulation only, it is considered to be an exposed-conductive-part, and measures for fault
protection (see Clause 6) shall also be applied.

5.2.5 Placing out of arm's reach

5.2.5.1 Where provisions specified in 5.2.2, 5.2.3, 5.2.4, 5.2.6 and 5.2.7 are found to be
not applicable, placing out of arm's reach may be appropriate to prevent

— in the case of low-voltage installations and equipment, unintentional simultaneous access
to conductive parts between which a hazardous voltage can exist,
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— in the case of high-voltage installations and equipment, unintentional entering into the
danger zone.

Details shall be specified by technical committees.

For low-voltage installations, parts that are separated by a distance of more than 2,5 m are
normally considered not to be simultaneously accessible. Where access is restricted to skilled
or instructed persons, reduced distances may be specified.

5.2.5.2 Where a distance is expected to be reduced by objects which a person uses or
holds in the hand, such as a tool or a ladder, technical committees shall specify relevant
restricienrs—eran-apprepriate—distance-between-econductive—partsbetweenwhicha-hazgrdous

voltage can exist.

5.2.6 Limitation of voltage

Basic |protection by the provision of limitation of voltage is fulfilled where both)of the following
conditjons are fulfilled:
a) tolich voltage under no circumstances exceeds:

1)[ 25 V a.c. rm.s. or 60 V ripple-free d.c., when the equipment is normally used |in dry
locations only and large-area contact of live parts withr,the human body is not|[to be
expected;

2)]6 V a.c. r.m.s. or 15 V ripple-free d.c. in all other cases;

b) the safety level is equivalent to that for SELV.-er) PELV and supplied by one pf the
following sources:

1)| a safety isolating transformer;
NOTE Safety isolating transformers are those that comply with IEC 61558-2-6.

2)| a source of current providing a degree of safety equivalent to that of a safety isglating
transformer (e.g. motor generator);

3)| electrochemical (e. g. battery):

It sha]l be acknowledged that. the precise value of this voltage limit depends on a| great
number of influencing factors((such as environmental conditions, contact area).

5.2.7 Limitation of steady-state touch current and energy

Limitafion of steady-state touch current and energy is a provision whereby touch currgnts or
energy is limited{6:-non-dangerous values.

It shall prevent persons or livestock from being subjected to values of steady-state|touch
current and_energy liable to be above the values given in Clause 5.

a) Fortouch current, the Tollowing values are proposed:

— a steady-state current flowing between simultaneously accessible conductive parts not
exceeding the threshold of perception, 0,5 mA a.c. or 2 mA d.c. under normal
operating conditions;

— values not exceeding the threshold of pain 3,5 mA a.c. or 10 mA d.c. may be specified
under abnormal or fault conditions.

b) For stored energy available between simultaneously accessible conductive parts, the
following values are proposed according to Figure 19 of IEC TS 60479-2:2007:

— 0,5 mJ corresponding to the threshold of pain; and

— 5 ud corresponding to the threshold of perception.
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Values for other frequencies, for other waveforms and for a.c. with superimposed d.c. are
properly considered when measured with the appropriate IEC 60990 filtered touch current

circuit

NOTE

5.2.8

Medical electrical equipment within the scope of the IEC 60601 series can necessitate other levels.

Potential grading

In the case of high-voltage installations and equipment, potential grading shall prevent
persons or livestock from hazardous step and touch voltages under normal conditions by

provid

ing a potential grading earth electrode.

NOTE
occeur.

5.2.9

Any ¢
proteg

5.3
5.3.1

Fault
those

Potential grading is typically used for electrical railway systems and substations, where high earth

Other provisions for basic protection

ther provision for basic protection shall comply with the requirements of 4
tion against electric shock.

Provisions for fault protection
General

protection shall consist of one or more provision(s)cindependent of and additio
for basic protection.

Subclauses 5.3.2 to 5.3.9 specify individual provisians for fault protection.

5.3.2

Suppl

Suppl
for ba

5.3.3
5.3.3.

Proted

Supplementary insulation

urrents

.1 for

nal to

ementary insulation is a provision whereby fault protection is provided by an insiilation
in addjtion to basic insulation.

ementary insulation shall be-dimensioned to withstand the same stresses as sp
5ic insulation.

Protective-equipotential-bonding
General

tive-equipotential-bonding is a provision whereby items are bonded together to

hazardous touch voltages.

The p

otective-equipotential-bonding system shall consist of one or a suitable combina

two or

pcified

avoid

ion of

more of the elements below:

— protective-equipotential-bonding in equipment, see Clause 7;

— earthed or unearthed protective-equipotential-bonding in the installation;

— protective conductor (PE);
— PEN, PEL or PEM conductor;

— protective screen;

— earthed point of the source or artificial neutral point;

— earth electrode (including earth electrodes for potential grading);

— earthing conductor.

The equipotential bonding system of a high-voltage installation or system shall be connected
to earth because of the special risks, which may be present, e.g. the danger of high touch and
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step voltage and of exposed-conductive-parts becoming live due to electrical discharge. The
impedance to earth of the earthing arrangement shall be rated so that no hazardous touch
voltage can occur. Exposed-conductive-parts, which can become live under fault conditions,
shall be connected to the earthing arrangement.

5.3.3.2 Accessible conductive parts which could acquire a hazardous effective touch
voltage in the event of a failure of basic protection, i.e. exposed-conductive-parts and any
protective screen, shall be connected to the protective-equipotential-bonding system.

NOTE A conductive part of electrical equipment which can only become live through contact with an exposed-
conductive-part which has become live, is not considered to be an exposed-conductive-part itself.

5.3.3.
to avqgid hazardous potential difference between conductive parts in case of an insiilation
failurel,. Where necessary the protective-equipotential-bonding system shall bevuged in
assoclation with a protective device operated by the fault current (see 5.3.6). -he maximum
differgnce in potential and its duration shall be based on IEC TR 60479-5.

This nmpay necessitate consideration of the relative impedance values of the.different elgments
of a protective-equipotential-bonding system.

The d|fference in potential need not be considered if the impedance of the circuit lim|ts the
steady-state touch current in the case of a single faullr ’so that it cannot ¢xceed
3,5mAp a.c., rm.s. or 10 mA d.c. when measured in accordance with IEC 60990.

In some environments or situations, e.g. medical locations (see limit values in IEC 60601-1),
highlyJconductive locations, wet areas and similar aréas, the limit values need to be lowegr.

5.3.3.4 All parts of the protective-equipoteptial-bonding system shall be so dimengioned
that tHermal and dynamic stresses which aré(likely to occur do not impair the charactgristics
of the|protective-equipotential-bonding system, e.g. as a consequence of a failure or biridging
of basjic insulation.

5.3.3.% All parts of the proteetive-equipotential-bonding system shall be capable of
withstgnding all internal and exterfal influences (including mechanical, thermal and cornosive)
which|may be expected.

5.3.3.6 Movable conductive connections, e.g. hinges and slides, shall not be considgred to
be pafts of a protective~equipotential-bonding system unless compliance with the rgquire-
ments|of 5.3.3.3, 5.3/3.4’and 5.3.3.5 is maintained.

5.3.3. Where“a component of an installation, system or equipment is intended|to be
removied, the protective-equipotential-bonding for any other part of the installation, sysiem or
equipment shall not be interrupted when removing the component unless the electrical $upply
to the|otheér part is first disconnected.

5.3.3. i ; i m5-3-39; = ential-
bonding system shall contain any device which might reasonably be expected to break the
electrical continuity or introduce significant impedance.

This requirement may be dispensed with by technical committees for the verification of the
continuity of protective conductors or for measuring of the current of the protective conductor.
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5.3.3.9 Where elements of the protective-equipotential-bonding system can be interrupted
by the same coupler or plug-and-socket-outlet device as the relevant supply conductors, the
protective-equipotential-bonding system shall not be interrupted before the supply conductors.
The protective-equipotential-bonding shall be re-established not later than when the supply
conductors are reconnected. These requirements do not apply where interruption and
reconnection are possible only with the equipment in de-energized condition.

In high-voltage installations, systems and equipment, the protective-equipotential-bonding
system shall not be interrupted before the main contact has reached an isolating distance
which can withstand the equipment rated impulse withstand voltage.

5.3.3.10 _ Conductors of the protective-equipotential-bonding system. whether insulated or
bare, |shall be readily distinguishable by shape, location, marking or colour, except|those
condugtors which cannot be disconnected without destruction, e.g. in wire-wrap_and $imilar
wiring|in electronic equipment and tracks on printed wiring boards. If identification\dy colour is
used, fit shall be in accordance with IEC 60445.

Conddctors used only for functional earthing shall not have insulation coloured greep-and-
yellow.

5.3.4 Protective screening

Protegtive screening shall consist of a conductive screen interposed between hazardoups-live-
parts pf an installation, system or equipment and the partibeing protected. The profective
screer

— shall be connected to the protective-equipotential-bonding system of the installation,
system or equipment and that interconnection shall comply with the requirements of|5.3.3,
and

— shall itself comply with the requirements:for elements of protective-equipotential-b¢nding
system, see 5.3.3.3, 5.3.3.4 and 5.3.3.5.

5.3.5 Indication and disconnection:in high-voltage installations and systems

A deVice shall be provided which. indicates a fault. Depending on the method of neutral
earthing, the fault current shall.be disconnected either manually or automatically (see $.3.6).
The permissible value of the'touch voltage depending on the fault duration shall be spegcified
by technical committees based on IEC TS 60479-1.

5.3.6 Automatic disconnection of supply
5.3.6. General

For aytomatic*disconnection of supply

— a pPretective-equipotential-bonding system shall be provided, and

— a protective device operated by the fault current shall disconnect the line conductor(s)
supplying the equipment, system or installation, in the event of a fault of negligible
impedance between a line conductor and an exposed-conductive-part or a protective
conductor in the circuit or equipment.

For low-voltage applications, devices for protection against electric shock by automatic
disconnection of supply shall be suitable for isolation according to 8.4. For high-voltage see
8.4.3.
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5.3.6.2 The protective device shall interrupt the fault current within a time specified by
technical committees based on the IEC 60479 series. For low-voltage installations, the time to
be specified depends on the prospective touch voltage produced across the protective-
equipotential-bonding.

For steady-state fault currents which, with regard to protection against electric shock, need
not lead to disconnection, a conventional touch voltage limit U_ may be specified.

5.3.6.3 The protective device may be provided in any suitable upstream part of the
installation, system or equipment, preferably at the origin of the circuit to be protected, and
shall be selected taking into account the characteristics of the supply and the load, and of the
impedance of the fault current loop.

5.3.7 Simple separation (between circuits)

Simpl¢ separation between a circuit and other circuits or earth shall be achieved by| basic
insulation throughout, rated for the highest voltage present.

A conjponent connected between the separated circuits shall withstand.the electric stresses
specifled for the insulation which it bridges and its impedance shall limit the prospective
current flow through the component to the steady-state touch currentyvalues indicated in 5.2.7.

5.3.8 Non-conducting environment
The epvironment shall have an impedance to earth of at {east

— 50|kQ if the nominal system voltage does not exceed 500 V a.c. or d.c.;

— 10D kQ if the nominal system voltage is above 500 V a.c. or d.c. and does not gxceed
1000 V a.c. or 1 500 V d.c.

NOTE [ Methods for measuring the resistance_«wf insulating floors and walls are included in Anngx A to
IEC 60364-6: 2006.

NOTE 4 Impedance values for HV are not considered because this protective measure is not used.
5.3.9 Potential grading

Potential grading may be uséd by installation of additional earth electrodes to reduge the
touch voltage and step veltage which appear in the case of a fault.

NOTE |Earth electrodes are usually buried at a horizontal distance of 1 m from the equipment or any corductive
part, at|a depth of 0,5¢m\below ground level and are connected to the earthing arrangement.

5.3.100 Other provisions for fault protection

Any other, provision for fault protection shall comply with the requirements of 4.1 for prollection
againgt eléctric shock.

5.4 Enhanced protective provisions
5.4.1 General

An enhanced protective provision shall provide both basic and fault protection.
Subclauses 5.4.2 to 5.4.6 specify such enhanced provisions.

Arrangements shall be made so that the protection provided by an enhanced protective
provision is unlikely to become degraded and so that a single fault is unlikely to occur.


https://iecnorm.com/api/?name=bdd15c2ad1a69b2048496c30c84bc5b5

IEC 61140:2016 © IEC 2016 - 29 -

5.4.2 Reinforced insulation

Reinforced insulation shall be designed to be able to withstand electric, thermal, mechanical
and environmental stresses with the same reliability of protection as provided by double
insulation (basic insulation and supplementary insulation, see 3.10.1 and 3.10.2, respectively).

This requires design and test parameters more severe than those specified for basic
insulation (see IEC 60664-1).

NOTE 1 As an example for low-voltage applications, dimensioning of reinforced insulation with regard to impulse
voltage is, where the concept of overvoltage categories (see Clause 443 of |IEC 60364-4-44:2007) applies,
specified to comply with the requirements of the overvoltage category which is one category higher than that
specifigd Tor basic nsulation.

NOTE 3 Reinforced insulation is mainly used in low-voltage installations and equipment but the applicatiop is not
excludgd in high-voltage installations and equipment.

5.4.3 Protective separation between circuits

Protegtive separation between a circuit and other circuits shall be achieved by means of|

— bapic insulation and supplementary insulation, each rated for the ‘highest voltage present,
i.e}] double insulation, or

— reipforced insulation (see 5.4.2) rated for the highest voltage present, or

— protective screening (see 5.3.4) with the protective, sCheen being separated from each
adlacent circuit by basic insulation rated for the adjacent circuit voltage (see also 6.9), or

— a gombination of these provisions.
If conqluctors of the separated circuit are contained together with conductors of other dircuits
in a multi-conductor cable or in another grouping of conductors, they shall be insylated,

indiviqually or collectively, for the highest\voltage present, so that double insulation is
achieyed.

If any|component is connected between the separated circuits, that component shall gomply
with the requirements for protective.impedance devices, see 5.4.5.

5.44 Limited current source

A limited current source shall be so designed that it cannot supply touch currents in excess of
the limit values indicated in 5.2.7.

The rgquirements-of 5.2.7 apply also to any likely failure of a single component of the [imited
current source:

The Iir|nit values should be determined by the relevant technical committee.

5.4.5 Protective impedance device

A protective impedance device shall reliably limit the touch current to the values indicated
in5.2.7.

The protective impedance device shall withstand the electric stresses specified for the
insulation which it bridges.

These requirements apply also to any likely failure of a single component of the protective
impedance device.
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5.4.6 Other provisions for enhanced protection

Any other enhanced protective provision for both basic protection and fault protection shall
comply with the requirements of 4.1 for protection against electric shock.

5.5 Provisions for additional protection
5.5.1  Additional protection by residual current protective device (RCD) /,,, <30 mA

In the case of low voltage, an RCD with /,,, < 30 mA is applied as an additional protective
provision where

a) balsic profection is provided by one of the provisions of 5.2.2 (basic insulation) of 5.2.3
(protective barriers or enclosures), and/or

b) fadlilt protection is provided by one of the provisions of 5.3.3 (protective-equipotential-
bonding) and 5.3.6 (automatic disconnection of supply).

This pgrotective provision is recognized as additional protection in the event of failure |of the

provisjon for basic protection and/or the provision for fault protectiof;.-or carelessngss by
users.

Devicg¢s for additional protection shall disconnect the live conducters by providing an isglating
distante according to 8.4.

Residyial current monitoring devices (RCMs) are not considered to be protective devices|

5.5.2 Additional protection by supplementary equipotential bonding

Additipnal protection by supplementary eguipotential bonding is a provision whereby
dangefrous touch voltages are avoided by bonding of items.

Supplémentary equipotential bonding is\provided as an additional protective provision where

a) balsic protection is provided by one of the provisions of 5.2.2 (basic insulation) of 5.2.3
(protective barriers or enclesures), and
b) fadlt protection is provided~by protective earthing, protective equipotential bonding (5.3.3)
and automatic disconnection in the event of a fault (5.3.6).

This protective provision will help avoid hazardous voltages between exposed-condlictive-
parts and extraneous=conductive-parts which can be touched simultaneously.

6 Protective measures

6.1 |General

Clause 6 describes the structure of typical protective measures, indicating in some cases
which protective provision(s) are for basic protection, for fault protection and for additional
protection.

More than one of the following protective measures (see from 6.2 to 6.11) may be used within
the same installation, system or equipment both under normal operating conditions and under
single fault conditions.

The use of ELV other than that in accordance with 6.7 and 6.8 is not a protective measure
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6.2 Protection by automatic disconnection of supply

Automatic disconnection of supply shall consist of a combination of the following protective
provisions:

— basic protection is provided by basic insulation, or protective barriers or enclosures
between hazardous-live-parts and exposed-conductive-parts; and

— fault protection is provided by automatic disconnection of supply.

Automatic disconnection of supply requires, according to 5.3.6, a protective-equipotential-

bonding system as specified in 5.3.3. The relevant maximum disconnection times can be
derived from IEC 60364-4-41.

6.3 |Protection by double or reinforced insulation
Protegtive measure in which

— bapic protection is provided by basic insulation of hazardous-live-parts_and fault profection
is provided by supplementary insulation,

or

— bapic protection and fault protection are provided by <einforced insulation bdtween
hagardous-live-parts and accessible parts (accessible €onductive parts and accgssible
suffaces of insulating material).

6.4 |Protection by protective equipotential bonding
Protegdtive measure in which

— bapic protection is provided by basic(insulation between hazardous-live-party and
exposed-conductive-parts, and

— faylt protection is provided by a \protective equipotential bonding system preventing
hagardous voltages between simultaneously accessible exposed and extraneous-
copductive-parts.

6.5 |Protection by electrical;separation
Electrical separation is achieved where the following conditions are met:

— bapic protection( is™ provided by basic insulation between hazardous-live-part$ and
exposed-conductive-parts of the separated circuit; and

— faylt protection’is provided
e | by simple separation of the separated circuit from other circuits and earth, and

e | by a protective-equipotential-bonding interconnecting exposed-conductive-parts [of the
acpalatcu' b;lbuit VV:ICIC LLLASA8 > t:ldll Ul ;tclll Uf UquiplllUllt ib L;UIIIIGl.thuI (0] the
separated circuit. This protective-equipotential-bonding system shall not be earthed.

Intentional connection of exposed-conductive-parts to a protective earthing conductor or to an
earthing conductor is not permitted.

NOTE Electrical separation is mainly used in low-voltage installations and equipment but the application is not
excluded in high-voltage installations and equipment.

6.6 Protection by non-conducting environment (low-voltage)
Protective measure in which

— basic protection is provided by basic insulation between hazardous-live-parts and
exposed-conductive-parts, and

— fault protection is provided by the non-conducting environment.
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Protection by SELV system

Protective measure in which protection is provided by

limitation of voltage in a circuit to ELV limits as defined in Table 1(the SELV system), and
protective separation of the SELV system from all circuits other than SELV and PELV, and

simple separation of the SELV system from other SELV systems, from PELV systems and
from earth.

Intentional connection of exposed-conductive-parts to a protective conductor or to an earthing
conductor is not permitted.

In spefial locations where SELV is required and where protective screening according-tq 5.3.4
is applied, the protective screen shall be separated from each adjacent circdit-by| basic

insulation intended for the highest voltage present.

6.8

Protegtive measure in which protection is provided by:

Protection by PELV system

limitation of voltage in a circuit to ELV limits as defined in Table’1 and the circuit njay be
eafthed and/or the exposed-conductive-parts of which may<be-earthed (the PELV sygtem);
and

protective separation of the PELV system from all circuits other than SELV and PELY.

If the PELV circuit is earthed and if protective screening according to 5.3.4 is used, it|is not
necespary to provide basic insulation between the proetective screen and the PELV system.

NOTE |[Where live parts of the PELV system are accessible simultaneously with conductive parts which, in|case of
a fault, |could assume the potential of the primary circuit, protection against electric shock depends on prgtective-

equipotential-bonding between all such conductive_parts.
6.9

Protegtive measure in which protection is provided by

and

6.10 |Additional protection

Protection by limitation of steady-state touch current and charge

supply of a circuit:
e | from a limited current source, or

o | through a protective impedance device,

protective-separation of the circuit from hazardous-live-parts.

6.10.1 Additional protection by residual current protective device (RCD) /,, <30 mA

An RCD with /,,, < 30 mA is used in addition to

basic protection by basic insulation according to 5.2.2 or 5.2.3; and/or
fault protection by one of the provisions of 5.3.3, 5.3.6 or 5.3.10.

The RCD for additional protection shall be suitable for isolation.

6.10.2 Additional protection by supplementary protective equipotential bonding

Supplementary protective-equipotential-bonding is used in addition to

basic protection by basic insulation between hazardous-live-parts and exposed-
conductive-parts, and
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— fault protection by one of the provisions of 5.3.2, 5.3.3 or 5.3.10

by applying protective-equipotential-bonding to avoid hazardous voltages between exposed-
conductive-parts and extraneous-conductive-parts which can be touched simultaneously.

6.11 Protection by other measures
Any other protective measure shall comply with the requirements of 4.1 for protection against
electric shock and provide basic protection and fault protection.

7 Co-ordination between electrical equipment and protective provisions within
an electrical installation

71 General

Protedgtion is achieved by a combination of the constructional arrangements_for the equipment
and devices, together with the method of installation. Technical committees are recommgended
to use|the protective measures described in Clause 6.

Current using equipment shall be classified in accordance with the'classes of 7.2 to 7.p. The
use ofl protective provisions in the several classes of equipment is.described in 7.2 to 7.p (see
also Tlable 3).

If it is| not appropriate to classify equipment and devjegs in this way, technical committees
shall then specify the relevant methods of installation/for'their products.

For spme equipment, the compliance with the\classification can be achieved only after
installption, e.g. where the installation prevents access to live parts. In this case, siitable
instrugtions shall be provided by the manufacturer or responsible vendor.

Differgnt protective measures applied~to the same installation or part of an installailion or
within|equipment shall have no influence on each other such that failure of one profective
measyre could impair the other protective measure or measures.

Table 3 — Application of equipment in a low-voltage installation

Clas$ of Equipmentmarking or instructions Symbol Conditions for connection of the
equipment quip 9 y equipment to the installation

Class Markinguof the protective bonding terminal Connect this terminal to the protecfive-

with.graphical symbol @ equipotential-bonding system of th¢
IEC _60417-5019:2006-08, or letters PE, or installation
cofour combination green-yellow

Class |l Marking with the graphical symbol @ No reliance on installation protectije
IEC 60417-5172:2003-02 (double square) measures

Class Il Marking with the graphical symbol ’ " Connect only to SELV or PELV systems
IEC 60417-5180:2003-02 (roman numeral

1l in a diamond)

7.2 Class 0 equipment

Equipment with basic insulation as provision for basic protection and with no provisions for
fault protection.

All conductive parts which are not separated from hazardous-live-parts by at least basic
insulation shall be treated as if they were hazardous-live-parts.

Class 0 shall only be used for equipment intended for connection by means of cord and plug
to circuits operating at voltage not exceeding 150 V to earth.
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However it is recommended that product committees withdraw class 0 from their product
standards.

7.3 Class | equipment
7.3.1 General

Equipment with at least one provision for basic protection and a connection to a protective
conductor as provision for fault protection.

7.3.2 Insulation

All copductive parts which are not separated from hazardous-live-parts by at least| basic
insulation shall be treated as if they were hazardous-live-parts. This also_applles to
conduftive parts which are separated by basic insulation but which are connecled to
hazardous-live-parts through components which are not designed for the same stresges as
specif|led for basic insulation.

7.3.3 Connection to the protective conductor

Exposjed-conductive-parts of the equipment shall be connected_teothe protective confductor
terminfal.

NOTE |Exposed-conductive-parts include those parts which are coveredyonly by paints, varnishes, lacquprs and
similar products.

Conddctive parts which can be touched are not{exposed-conductive-parts if thdy are
separated from hazardous-live-parts by protective separation.

7.3.4 Accessible surfaces of parts of insulating material

If the |equipment is not completely covered with conductive parts, the following applies to
accessible parts of insulating material:

Accespgible surfaces of parts of insulating material which

- arI designed to be grasped; or

— arg likely to come intescontact with conductive surfaces which could distribute hazardous
potential, or

— cap come into_ ‘significant contact (area more than 50 mm x 50 mm) with a part |of the
human body{ or

— are¢ to be'used in areas where the pollution is highly conductive,

shall he‘separated from hazardous-live-parts by

— double or reinforced insulation, or

— basic insulation and protective screening, or

— a combination of these provisions.

All other accessible surfaces of parts of insulating material shall be separated from
hazardous-live-parts by at least basic insulation. For equipment intended to be part of the

fixed installation, the basic insulation shall be provided either by the manufacturer or during
installation as specified by the manufacturer or responsible vendor in his instructions.

These requirements are deemed to be complied with if the accessible parts of insulating
material provide the required insulation.
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Technical committees may impose more stringent requirements than basic insulation for
certain accessible parts of insulating material (e.g. which need to be touched frequently, such
as operating means), taking into account the area of the contact surface with the human body.

7.3.5 Connection of a protective conductor

7.3.5.1 The means of connection, except for plug-and-socket connections, shall be clearly
identified either with the graphical symbol IEC 60417-5019:2006-08, or with the letters PE, or
by the bi-colour combination of green and yellow according to IEC 60445. The indication shall
not be placed on or fixed by screws, washers or other parts which might be removed when
conductors are being connected.

7.3.5.2 For flexible cable connected equipment, including fixed and plug-and-socket|types,
provisjons shall be made such that the protective conductor in the cord shall, in case of failure
of the|strain-relief mechanism, be the last conductor to be interrupted.
7.4 |Class Il equipment

7.4.1 General

Class |ll equipment comprises equipment with

— bapic insulation as provision for basic protection, and

— supplementary insulation as provision for fault protection;

or in which

— bapic protection and fault protection are provided by reinforced insulation.
7.4.2 Insulation

7.4.2. The accessible conductive parts\and the accessible surfaces of parts of insdilating
material shall either be
— separated from hazardous live-parts by double or reinforced insulation, or

— depigned with constructionall~arrangements providing equivalent protection, ¢.9. a
praotective impedance device:

=

For equipment intended te_be part of the fixed installation, this requirement shall be fllfilled
when | the equipment~is* properly installed. This means that the insulation (basic,
supplgmentary or reinferced) and the protective impedance, if relevant, shall be pr¢vided
either| by the manufacturer or during installation as specified by the manufactufer or
respomsible vendor'in his instructions.

Arrangements  providing equivalent fault protection may be defined by technical comnittees
along with‘requirements appropriate to the nature of the equipment and its application.

7.4.2.2 All conductive parts which are separated from hazardous-live-parts by basic
insulation only or by constructional arrangements providing equivalent protection shall be
separated from the accessible surface by supplementary insulation or by constructional
arrangements providing equivalent protection.

All conductive parts which are not separated from hazardous-live-parts by at least basic
insulation shall be treated as if they were hazardous-live-parts, i.e. they shall be separated
from the accessible surface in accordance with 7.4.2.1.
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7.4.2.3 The enclosure shall not contain any screws or other fixing means of insulating
material where these screws or other fixing means need to be removed or are likely to be
removed during installation and maintenance and where the replacement of which by metallic
screws or other fixing means could impair the insulation required.

7.4.2.4 The insulation of class Il equipment shall comply with 5.1.6 of IEC 60664-1:2007.
7.4.3 Protective bonding

7.4.3.1 Class Il equipment shall not have a provision for connection to a protective
conductor except for applications according to 7.4.3.2.

7.4.3. -refre—a—-eta egtipment—is—provided—with-mean or—rratrtatrirg-the—eentinuity
of a pfotective conductor, but in all other respects is constructed as class Il equipment, such
meang shall be insulated in accordance with 7.4.2.1.

Conddctive parts enclosed in the insulating enclosure shall not be connected\te’ a profective
condugtor. However, provision may be made for connecting protective conductors whi¢h run
through the enclosure. Inside the enclosure, any such conductors and their.terminals shall be
insulajed as though they were live parts, and their terminals shall be marked as PE termjinals.

7.4.3.3 Class Il equipment may be provided with means Afor-“connection to eailth for
functignal (as distinct from protective) purposes only where suth-a need is recognized|in the
relevant IEC standard. Such means shall be insulated from dive”parts by double or reinforced
insulajion. The means for functional earthing shall have a distinctive marking from the means
for prptective earthing and shall not be connected, by a conductor identified as |PE in
accordance with IEC 60445.

NOTE |A functional earthing can be used for example for EMC,purposes.
7.4.4 Marking

Class|Il equipment, including equipment;-complying with 7.4.3.1, shall be marked with the
graphical symbol of IEC 60417-5172:2003-02, placed adjacent to the supply informatiop, e.g.
on thg rating plate, in such a way.that it is obvious that the symbol is part of the tedhnical
information and can in no way_be confused with the manufacturer's name or| other
identification marks.

Wherg a class Il equipment has a functional earthing terminal, this terminal shall be idgntified
with the graphical symbolNEC 60417-5018: 2011-07.

7.5 |Class lll equipment
7.5.1 General

Equipment-relying on limitation of voltage to ELV values as provision for basic protectign and
with np provision for fault protection.

7.5.2 Voltages

7.5.2.1 Equipment shall be designed for a maximum nominal voltage not exceeding 50 V
a.c. or 120 V d.c. (ripple-free).

NOTE 1 Ripple-free is conventionally defined as an r.m.s. ripple voltage of not more than 10 % of the d.c.
component. Maximum values for non-sinusoidal a.c. voltage are under consideration.

NOTE 2 According to Clause 414 of IEC 60364-4-41:2005, class Ill equipment is accepted only for connection to
SELV and PELV systems.

Technical committees should determine the maximum permitted rated voltage of their
products in accordance with IEC TS 61201 and the specified conditions of use of these
products.
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7.5.2.2 Internal circuits may operate at any nominal voltage which does not exceed the
limits specified in 7.5.2.1.

7.5.2.3 In case of a single fault within the equipment, no steady-state touch voltage which
may appear or be generated shall exceed the limits specified in 7.5.2.1.

7.5.3 Protective bonding

Class Ill equipment shall not be provided with a means of connection for a protective
conductor. The equipment may however be provided with means for connection to earth for
functional (as distinct from protective) purposes where such a need is recognized in the
relevant IEC standard. In any case, provision for the connection of live parts to earth shall not

be madeinthe cquiplllcllt.

The nreans for functional earthing shall have a distinctive from that used for a/afeans for
protegtive earthing and shall not be connected by a conductor identified as PE(in accondance
with IEC 60445.

7.5.4 Marking

The efjuipment shall be marked with the graphical symbol of IEC(60417-5180:2003-04. This
requirement does not apply where the means of connection to the)supply is so shaped|that it
can only mate exclusively with a particularly designed SELV ot"PELV supply arrangement.

7.6 |Touch currents, protective conductor currents
7.6.1 General

Subclause 7.6 is applicable only to low-voltage installations, systems and equipment.

The requirements of 7.6 take into account, equipment intended to be supplied by plug and
socket-outlet systems, or by a permanent’connection, or the case of stationary equipment.

NOTE |The effects of leakage current are currently not considered in this standard.
7.6.2 Touch currents

Measyres shall be taken so that when accessible parts are touched under normal condition,
the tolich current doesnot'exceed the threshold of perception as indicated in IEC TS 60479-1.
The tquch currents shall"be measured according to IEC 60990. Where additional touch qurrent
is allowed under fault conditions, product committees shall specifically identify in their
standgrds the conditions and the additional current allowed.

NOTE 1 See Kigure 20 of IEC TS 60479-1:2005 for a.c. 50Hz and/or 60Hz and Figure 22 for d.c.

NOTE 2 “\Values for frequencies up to 10 kHz can be obtained from Figures 1 and 4 of IEC 60479-2:2007. For

frequentiesabovet0kHzsee 244 of TEC80479-22007-

7.6.3 Protective conductor currents
7.6.3.1 General

Measures shall be taken in the installation and in equipment to prevent excessive protective
conductor currents impairing safety or normal use of the electrical installation.

Technical committees shall determine that the correct operation of protective devices, e.g.
RCDs and CBs, is not affected by the protective conductor current generated by products or
systems under their scope.

Manufacturers shall make available information on the value and characteristics of the
expected protective conductor current under normal operating conditions. For frequencies
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other than 50 Hz and/or 60 Hz product committees are encouraged to use the lowest
practicable values of protective conductor current limits.

7.6.3.2 Requirements for the prevention of excessive protective conductor currents
of current-using equipment

Electrical equipment which causes, under normal conditions, a current to flow in the protective
conductor of its supply, shall be compatible with protective provisions.

7.6.3.3 Limits of a.c. components of protective conductor currents of current-using
equipment

The Ii||nit values for protective conductor currents under normal operating conditions.as| given
by T4ble 4 are applicable to low-voltage current-using equipment supplied\ at| rated
frequgncies up to 1 kHz.

Table 4 — Maximum protective conductor current for frequenciestup’to 1 kHz

Rated current of current-using Maximum protective conductor current
equipment for frequencies up'to 1 kHz
a.c.
0</<2A 1, mA
2A<I<20A 0,5 mA/A
I>20A 10 mA

For cprrent-using equipment for permanent connection intended to be connectedl to a
reinfofced protective conductor according to 7.6.3.5, product committees should state the
maximum values for the protective conductor~current, which in no case shall exceed % % of
the rafed input current per phase.

Measyrements shall be carried out on equipment as delivered.

7.6.3.4 Limits of d.c. compgaonents of protective conductor current
In normal use, a.c. current using equipment shall not generate current with a d.c. component

in the |protective conductor\that exceeds the values in Table 5. This will prevent affectipg the
proper functioning of ptotective device(s) or other equipment in the installation.

Table 5 — Maximum protective conductor current for DC

Rated current of current-using equipment Maximum protective conductor current
a.c. d.c.
I<2A 5 mA
2A<I/<20A 2,5 mA/A
/>20A 50 mA

Pluggable electrical equipment with a rated input < 4 kVA shall be designed to have protective
conductor current with a smooth superimposed d.c. current component limited to < 6 mA.

For pluggable electrical equipment with a rated input > 4 kVA and permanently connected
electrical equipment independent of the rated input shall contain in the operating manual
advice about the protective measure.

In case of d.c. protective conductor currents > 6 mA, suitable protective devices shall be
selected, e.g. RCD type B.
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7.6.3.5 Provisions in equipment in case of connection to reinforced protective

conductor circuits for protective conductor currents exceeding 10 mA

The following shall be provided in the current-using equipment:

a connecting terminal designed for the connection of a protective conductor, having a
cross-sectional area of at least of 10 mm2 Cu or 16 mm2 Al; or

a second terminal designed for the connection of a protective conductor of the same
cross-section as that of the normal protective conductor so as to connect a second
protective conductor to the current-using equipment.

NOTE For requirements for reinforced protective conductors, see 543.7 of IEC 60364-5-54:2011.

7.6.3.

h

b Information

For equipment intended for permanent connection with reinforced protective gconductg
value
docun
equipf

7.6.4

7.6.4.

The u

7.6.4.]

For ¢
condu
conne

7.6.5

Muscl
or live
to haz

Techn

7.7

th

4
q
A
it

precautiens to prevent the users from experiencing involuntary muscular contractions.

tha

of the protective conductor current shall be provided by the manpufacturer
entation and indication shall be given in the instructions for installation th
hent shall be installed as described in 7.6.4.2.

Other requirements

Signalling systems

p Reinforced protective conductor circuits in installations for protective
conductor currents exceeding 10 mA

ctor current higher than 10 mA, provision shall be made for a secure and r
ction with earth such as described int#EC 60364-5-54.

Other effects
lar contractions and therm@al effects caused by current passing through the huma

stock and effects of discharge of electrostatic charges may also but not generall
ardous situations.

ical committees shall take into consideration

t persons-orlivestock could become energized by currents of values as descri
.1 resulting from contact with metal parts. It might be necessary to specify add

t persons or livestock could be subjected to values of touch current and charge lig

be

be of a protective conductor of an electrical installation for signalling is not allowed.

r, the
in his
at the

irrent-using equipment intended for pefmanent connection and having a profective

pliable

body
lead

pbed in
itional

ble to

hazardous or perceptible (see 4 6 3)

that due to the effect of currents as described in 4.6.4 flowing in the human body or
livestock for more than a few seconds, deep seated burns, and other internal injuries (e.g.
kidney failure), could occur. Surface burns may also arise.

Safety and boundary clearances and hazard marking for high-voltage installations

The design of the installation shall be such as to restrict access to danger zones. For skilled
and instructed persons the need for operational and maintenance access shall be taken into
account. Where safety distances cannot be achieved, permanent protective facilities shall be
installed. Values shall be specified by technical committee(s) for

barrier clearances,

obstacle clearances,

external fences and access doors,
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— minimum height and distance from access areas,
— clearances to buildings.

Hazard markings shall be prominently displayed on all access doors, fences, protective
barriers and overhead line poles and towers, etc.

7.8 Functional earthing

Equipment may be provided with means for connection to earth for functional (as distinct from
protective) purposes only where such a need is recognized in the relevant IEC standard (e.qg.
for EMC purposes). Such means shall be

— indulated from live parts, and

— indulated from exposed conductive parts except where exposed conductive-parfs are
copnected to a protective bonding terminal, e.g. in case of PELV equipment.

The means for functional earthing shall have a marking or other identification in accondance
with IEC 60445.

8 Special operating and servicing conditions

8.1 General
Detailed requirements for operation of electrical installations,)e.g.

— livé working;
— defenergized working;
— wadrking close to live parts

are supjects for consideration by appropriate technical committees.

8.2 |Devices to be operated manually and components intended to be replaced
manually

8.2.1 General

NOTE 1 Examples include:
— deyices which need to e reset (e.g. circuit-breakers, overcurrent/overvoltage/undervoltage devices);

— repjaceable components (e.g. lamps, fuselinks)

for (re)¢stablishingdhe-function of the installation, system or equipment. Subclause 8.2.2 also applies to acg¢ess for
user mgintenance.

NOTE 34 For the purpose of this standard, "manually" means "by hand, with or without a tool".

8.2.2

persons in low-voltage installations, systems and equipment
8.2.21 General

Protection against any contact with hazardous-live-parts shall be maintained when operating
devices or when replacing components.

NOTE It is recognized that certain lamp-holders and fuse-holders, complying with existing standards, do not fulfil
this requirement when the components are being replaced.
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8.2.2.2 Where installations, systems or equipment incorporate devices which require
manual operation, or components which require manual replacement, these devices and
components shall be located where no hazardous-live-parts are accessible.

8.2.2.3 Where compliance with 8.2.2.2 is not practicable, protection shall be provided by
means which ensure isolation from the electrical supply before access is gained.

8.2.3 Devices to be operated or components intended to be replaced by skilled or
instructed persons

8.2.3.1 General

onally

ing the danger zone shall be provided according to 8.2.3.2 and 8.2.3.3 where eithe

— there are no protective barriers or enclosures, or

— protective barriers or enclosures are to be removed by skilled or instructed.persons to gain
acgess to devices requiring manual operation or to components requiring replaceme(]wt.

requirements and specify the kind of manual operation for which thissmethod of protection is

TechntEcal committees may restrict the application of this subclause “or impose additional
permifted.

8.2.3.2 Location of devices and components

The elquipment shall be so designed and installed that the devices and componen}s are
accessible and visible to a person who is in a position)where he or she may readily and|safely
operaie the device or replace the component.

Such |positions and relevant information te~bé supplied by the manufacturer shoyld be
specifled by technical committees, as appropriate.

If the mounting position of equipment may adversely affect the visibility or access to dgvices
or components in such a way as toxcause a hazard, then the required mounting positiop shall
be indjcated and observed.

In case of the presence of a.c."and d.c. circuits in the same equipment and/or installatign, the
a.c. and d.c. conductorsshall be provided with distinct identification

8.2.3. Accessibility and operation

The access path to a device and the space needed for its operation shall be such that
protegtion against unintentional contact with hazardous-live-parts or against unintentjonally
entering ,the*danger zone is provided by an appropriate distance. The distance shall be
specifleddby the technical committee.

Alternatively, where the access path or space has less than the appropriate distance from
hazardous-live-parts, obstacles shall be provided. These obstacles shall provide protection
against unintentional contact. The degree of protection shall be not less than IPXXB (also
complied with by IP2X) of IEC 60529 from the direction of approach to the device or
component, and not less than IPXXA (also complied with by IP1X) of IEC 60529 from other
appropriate directions.

8.3 Electrical values after isolation

Where protection relies on isolation of hazardous-live-parts from the supply (e.g. when
opening enclosures or removing protective barriers), capacitances shall be automatically
discharged so that 5 s after isolation, the limit values of voltage specified in Annex A of
IEC TS 61201:2007 will not be exceeded. If this would interfere with proper functioning of the
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equipment, a readily visible warning notice shall be provided, indicating the time of discharge

to the

limit values.

For particular conditions (e.g. withdrawal of a plug), technical committees may have to specify
a shorter time.

After isolating, particularly with high voltages, the following effects should be considered:

— capacitors can have high residual charges;

— inductances, e.g. transformer windings, can have a high trapped charge over a relatively
long period of time.

8.4
8.4.1

Devicg¢s suitable for isolation shall effectively isolate the circuit concerned from a3

condu

NOTE 1

The p
either

NOTE
respect

Devicxs suitable for isolation shall be designed_and/or erected to prevent unintentio

unaut

NOTE j

8.4.2

Devicg¢s suitable for isolation shall” effectively isolate the circuit concerned from 3

condu
condit
at ear

Devicgs for isolation hall comply with the following two conditions:

a) W

Devices for isolation

General

ctors of the supply.

With regard to low voltage, see also 8.4.2.

Il live

psition of the contacts or other means of isolation shall,.in the isolated positipn, be

externally visible or clearly and reliably indicated.

P The indication can be achieved by suitable marking to\(indicate the isolated and closed p
vely.

orized operation.

Such operation might be caused for example by mechanical shocks and vibrations.

Devices for isolation for low-voltage

ctors of the supply. However, in TN-S or TN-C-S systems where the supply S
ons are such that the neutral or mid-point conductor can be regarded as being r
h potential, the neutral.conductor need not be isolated.

nen in the“new, clean and dry condition, with the contacts in the position for isg

bsitions

nal or

Il live
ystem
eliably

ation,

the device shall withstand between the line and load terminals, the impulse withstand

VO

tage.given in Table 6.
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Table 6 — Minimum impulse withstand voltage of devices
for isolation related to the nominal voltage

Nominal voltage of the supply system 2 Minimum impulse withstand voltage ®
\Y kV
} Single-phase systems Overvoltage Overvoltage
Three-phase systems with middle point category lll category IV
120 - 240 3 5
230/400, 277/480 5 8
400/690 8 10
1000 10 15
NOTE|1 For an explanation of the overvoltage categories, see 4.3.3.2 of IEC 60664-1:2007.
NOTE[R2 The impulse withstand voltages are referred to an altitude of 2 000 m.
NOTE[3 The values of 100/200V, 50Hz or 60Hz are also used in some countries.
a8 Acg¢ording to IEC 60038.
b Eqfipment of overvoltage category Il and | are not applicable for isolation.

b) The leakage current across open poles shall under no circumstances exceed

Tests

8.4.3
8.4.3.

Every

All ge
ments

0,5 mA per pole in the new, clean and dry condition, and
6 mA per pole, at the end of the conventional service life of the device,

when tested across the terminals of each polewith a test voltage value equal to

of the voltage between line to neutral corresponding to the rated voltage of equip
when the starpoint or midpoint of the supply is connected to earth. In all other
the test voltage value shall be equal to. 410 % of the line-to-line voltage of the

system.

In the case of d.c. testing, the value of the d.c. voltage shall be the same as the
value of the a.c. test voltage.

to verify this requirement may be specified by the relevant technical committee.

Devices for isolation for high voltage
General

isolating device shall be suitable for the assigned purpose.

heral reguirements, e.g. earthing arrangements and if necessary the special re
of thelocation, e.g. altitude, shall be stated and taken into consideration.

110 %
ment,
cases

supply

r.m.s.

quire-

All isolated parts of the main circuit to which access IS required or provided shall be capable
of being earthed prior to becoming accessible. This requirement does not necessarily apply to
removable parts that become accessible after being separated from the installation.

The corresponding specifications for the assigned equipment shall be designed taking into
account the network configuration, the local particular conditions and the experiences of
operation and maintenance.

It shall be taken into consideration that the expected electrical stresses are not only those
found in normal operation, but also additional stresses, for example in case of a short-circuit

fault.

Lightn

ing and switching overvoltages shall be also taken into consideration.
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Mechanical, climatic and other special stresses which belong to external influences at the site
of installation shall be considered during the design process of the equipment.

NOTE Besides these stresses, it is important to pay attention to IEC 60071-1, insulation coordination, by the
selection of a suitable switching device.

To avoid unintentional operation, a facility for locking of the isolating device for safety reasons
shall be available in the "on" and "off" position.

For the construction or installation of devices for isolation it should be taken into
consideration that electric arcs or hot ionizing gases may be generated when switching off.
Therefore equipment should be designed or installed in such a way that ionized gas released
duringi switching does not result in damage to the equipment or in danger to opgrating
persomnel. This is valid also if there is a secondary flashover by ionization to parts\swhigh are
not live parts.

8.4.3.2 Characteristics of devices for isolation

Devicgs for isolation shall comply with the performances defined for longitudinal insufation.
That s satisfied when the isolating distance has the dielectric performances specified in
IEC 62271-102 for that purpose.

For sgfety reasons, devices for isolation shall be designed so\that any earth leakage qurrent
which|may flow from one contact to the terminal on the other side of the isolator is lim|ted to
an acteptable level. This safety requirement is fulfilled if this leakage current is rgliably
dissipated to earth.
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Annex A
(informative)

Survey of protective measures as implemented by protective provisions

NOTE Not all of the protective provisions are applicable to both low-voltage and high-voltage.

Figure A.1 shows the relationship between protective measures and their respective
provisions for basic protection and fault protection.

Measures Provisions

Basic protection (5.2) Fault protection (5.3

Basic insulation(5.2.2) + Supplementary insulation(5.3.2)

Prptection by double or
rginforced insulation

gy

(6.3)
Reinforced Insulation(5.4.2)
) ] | |
N
Basic protection methods Protective-equipotentiatbonding (5.3.3)
- basic insulation(solid) (5.2.2.1) One or combination of
: : : - protective-equipotentiatbonding
Probctlog::d?r?glpotentlal - basic insulation by air(5.2.2.2) with: (in the installation)
o barriers or enclosures(5.2.,3),%0rf + - protective-equipotentiatbonding
(6.4) " ’
o obstacles (5.2.4), or (in equipment)
o placing out of arm’s reach(5.2.5). - protective conductor
- PEN, PEL or PEM conductor
- protective screening(5.3.4)

S
Prptection by automatic | Basic protection methods | L .
digconnection of supply + Automatic disconnection of supply(53.6)
(6.2) - basicuhsulation(5.2.2) or
. - barriers or enclosures(5.2.3)
Prptection by_electrlcal Basic protection method - Simple separation(5.3.7) and
separation 3=

- Protective-equipotentiatbonding (5.3.3

(6.5) - basic insulation(5.2.2)

JC Kp JT —JT

Proteftion by nonconducting Basic protection method
environment + Non-conducting environment (5.3.8
(6.6) - basic insulation(5.2.2)
j -
Other provisions (5.2.9) + Other provisions(5.3.10)
Protection by otherr es
(6.11)

Other enhanced protective provisiong5.4.6)

JT JT

IEC

Figure A.1 — Protective measures with basic and fault protection


https://iecnorm.com/api/?name=bdd15c2ad1a69b2048496c30c84bc5b5

- 46 - IEC 61140:2016 © IEC 2016

Figure A.2 shows the relationship between protective measures with limited values of
electrical quantities and their respective provisions

Measures Provisions
Protective Limited val Protective Additional
measures imited values provisions measures
4 N\
simple separation from
F“\ Limitation of voltage Protection by protective - earth,
SELV (6.7 : - PELV,
( ) _\/ (5.2.6) separation (5.4.3) - other SELV systems
(5.3.7)
N
4 A\
In some cases:
J\ Limitation of voltage Protection by protective ) ii?:ilteil(t)i%i' bgrsic
bELV (6.8) (5.2.6) separation (5.4.3) - Batriars 0;‘
L enclosures
. J
4 R\
Supply by
Ljmitation of imited . Protection b Ncii
_ \ | - limited curren rotection by protéctive
steafly-state touch source (5.4.4), or sepdration
currgnt and charge “/ - protective (52423)
(6.9) impedance device
(5.4.5)
\ J

Figure A.2 — Protective measures with limited values of electrical quantities

IEC


https://iecnorm.com/api/?name=bdd15c2ad1a69b2048496c30c84bc5b5

IEC 61140:2016 © IEC 2016 - 47 -

Figure A.3 shows the relationship between protective measures for additional protection and
their respective provisions

Measures Provisions
e R
| 4\\ Protective-equipotential
o bonding
/ B cieiaarlat (5.3.3)
(5.2.2)
or
Aflditional protection or andlor Automatic disconnection
by RCD (6.10.1) (5.3.6)
or
| \| Barriers or enclosures
1/ (5.2.3)
L Other provisions
(5.3.10)
N J
e ™
N
— Supplementary insulatipn
— (5.3.2)
/ Basic insulation
(5.2.2)
or
Aflditional protection
Dy supplementary Protective-equipotential
protective- or + bonding
eqduipotentialdonding (5.3.3)
(6.10.2)
or
,\\ .
Barriers or enclosures
- (5.2.3)
v Other provisions
(5.3.10)
\ y

IEC

Figure A.3 — Protective measure: additional protection
(in addition to basic and/or fault protection)
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Annex B
(informative)

Index of terms

IEC 61140:2016 © IEC 2016

Term Subclause
reference
additional protection 3.1.3
arm's reach 3.15
automfafic disconnection of supply 318
barrief, (electrically) protective 3.13
basic |nsulation 3.10.1
basic protection 3.1
bonding, see equipotential bonding 3.16
circuit] (electric) 3.p
(condlictive) screen 3.40
(conddictive) shield (US)
conduftor
¢arthing conductor 3.17.5
grounding conductor (US)
lIne conductor 3.16]10
neutral conductor 3.16111
FPE conductor 3.16.5
PEM conductor 3.16.7
PEN conductor 3.16.6
PEL conductor 3.16.8
protective conductor 3.16.4
protective bonding conductor 3.16.9
dangefr zone 3.35
discorlnection of supply, automatic 3.18
doublg insulation 3.10.3
earth 3.17
earth (verb) 3.171
earth electrode 3.17.4
ground electrode (US)
(local) earth 3.17.3
(local) ground (US)
reference earth 3.17.2
reference ground (US)
earthing
functional earthing 3.17.8

f

unctional grounding (US)
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Term Subclause
reference
earthing arrangement 3.17.6
grounding arrangement (US)
earthing conductor 3.17.5
grounding conductor (US)
protective earthing 3.17.7
protective grounding (US)
(effective) touch voltage 3.8.1
electrig-burr 343
electrigc circuit 3.p
electric shock 3.0
Electr|cal equipment 3.B
(electfical) installation 3.40
(electiical) separation 3.45
(electfically) instructed person 3.31
(electiically) skilled person 3.30
(electfically) protective barrier 3.13
(electiically) protective enclosure 3.14
(electiically) protective obstacle 3.12
(electfically) protective screen 3.1
(electiically protective shield (US)
(electiically) protective screening 3.42
(electilically) protective shielding (US)
(electilically) protective separation 3.44
electr¢de
garth electrode 3.17.4
ground electrode (US)
enclodure, (electrically) protective 3.14
enhanjced protective provisioh 3.19
equipthent, electrical 3.B
equipment, stationary. 3.37
equipgtential bonding 3.16
equipgtentialtbonding terminal 3.16.2
protective-equipotential-bonding 3.16.1
exposed=conductive-part 35
extra-low voltage (ELV) 3.26
PELV system 3.26.2
SELV system 3.26.1
extraneous-conductive-part 3.7
fault protection 3.1.2
fault condition, single 3.1.4
functional earthing 3.17.8
functional grounding (US)
grading, potential 3.34
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Term

IEC 61140:2016 © IEC 2016

Insulation

isolatipn

line cqnductor

live pgrt

(local) earth

PE conductor

PEL conductor

PELV system

person:

Subclause
reference
ground electrode (US) 3.17.4
ground, (local) (US) 3.17.3
ground, reference (US) 3.17.2
grounding arrangement (US) 3.17.6
grounding conductor (US) 3.17.5
grounding, functional (US) 3.17.8
grounding, protective (US) 3.17.7
hazardlous-live-part 3.p
impulge withstand voltage 3.42
installption, (electrical) 3.40
instru¢ted person, (electrically) 3.31
3.10
Basic insulation 3.10.1
double insulation 3.10.3
reinforced insulation 3.10.4
qupplementary insulation 3.10.2
341
leakage current 3.36
3.16110
limitatjon of steady-state touch current and electric charge, (protection by) 3.47
limiteq-current-source 3.48
3.4
3.171.3
(local)} ground (US)
neutrgl conductor 3.16111
non-cgnducting environmient 3.11
obstagle, (electrically) protective 3.12
ordinTy person 3.32
3,16.5
3.16.8
PEM conductor 3.16.7
PEN conductor 3.16.6
3.26.2
instructed person, (electrically) 3.31
skilled person, (electrically) 3.30
ordinary person 3.32
potential grading 3.34
prospective touch voltage 3.8.2
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Term Subclause
reference

protection:

additional protection 3.1.3

basic protection 3.1.1

fault protection 3.1.2
protection by limitation of steady-state touch current and electric charge 3.27
protective barrier, (electrically) 3.13
protective bonding conductor 3.16.9
protegtive-beoreirg-termiret 3—46.3
protedtive conductor 316.4
protedtive conductor current 3.38
protedtive earthing 3.171.7
protegtive grounding (US)
protedtive enclosure, (electrically) 3.14
protedtive-equipotential-bonding 3.16.1
protedtive impedance device 3.49
protedtive measure 3.45
protedtive obstacle, (electrically) 3.12
protedtive provision 3.44
protedtive screen, (electrically) 3.41
protedtive shield (US) , (electrically)
protedtive screening, (electrically) 3.42
protedtive shielding (US) , (electrically)
protedtive separation, (electrically) 3.44
reference earth 3.17.2
referehce ground (US)
reinfofced insulation 3.10.4
screern, (conductive) 3.40
screen, protectiye 31
screening, protective 3.42
SELV [system 3.26.1
separatiom

electrical separation 3.25

(electrically) protective separation 3.24

simple separation 3.23
shield, (conductive) (US) 3.20
shield, protective (US) 3.21
shielding, protective (US) 3.22
shock, electric 3.1
single fault condition 3.1.4
skilled person, (electrically) 3.30
stationary equipment 3.37
step voltage 3.33
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Term Subclause
reference
supplementary insulation 3.10.2
system 3.39
terminal
equipotential bonding terminal 3.16.2
protective bonding terminal 3.16.3
touch current 3.9
|ritetior-of-steady-state—touch—eurrent-and-electric-eharge—{protectonbys 337
touch voltage 3.B
leffective) touch voltage 3.81
prospective touch voltage 3.82
voltage
impulse withstand voltage 3.42
4tep voltage 3.33

touch voltage 3.B
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Annex C
(informative)

List of notes concerning certain countries

Country

Clause

Nature (permanent or
less permanent
according to IEC
Directives)

Rationale (detailed
justification for the
requested country note)

Wording

PT

3.1.1

In Portugal for low-voltage

illbi.d“di.;ullb, bybi.vlllb alll.]I
equipment, basic protection
generally corresponds‘to
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

PROTECTION CONTRE LES CHOCS ELECTRIQUES -
ASPECTS COMMUNS AUX INSTALLATIONS ET AUX MATERIELS

AVANT-PROPOS

Commission Electrotechnique Internatlonale (IEC) est une organisation mondiale de normalisation

objs
de |
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Gui
trav|
inte
trav
con

2) Les
du
inté

3) Les
com
s'as]
I'év

BeaA d I' AS mkl rl c. mitdac—Al 4 Iann Hes nnf Aerd LComitde nat: Aar d III:f‘\ I II:f‘ a pour

t de favoriser la coopération |nternat|ona|e pour toutes les questions de normalisation dans les dgmaines
électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes internafionales,
Spécifications techniques, des Rapports techniques, des Spécifications accessibles au publicPAS) et des
les (ci-apres dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités 'd'études, aux
hux desquels tout Comité national intéressé par le sujet traité peut participer, "Les organ|sations
nationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent égalemgent aux
hux. L’'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selon des
Hitions fixées par accord entre les deux organisations.

décisions ou accords officiels de 'lEC concernant les questions techniques, représentent, dans la |mesure
ossible, un accord international sur les sujets étudiés, étant donné que(jes' Comités nationaux de I'lEC
essés sont représentés dans chaque comité d’études.

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont @gréées
me telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin qye I'lEC
sure de |'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de
bntuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

4) Da

le but d'encourager I'uniformité internationale, les Comités/nationaux de I'lEC s'engagent, dans foute la

megure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationales

et

régipnales correspondantes doivent étre indiquées en tefmes clairs dans ces derniéres.

5) L'IE]
fou

dgionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationgles ou

elle-méme ne fournit aucune attestation descenformité. Des organismes de certification indépgndants
issent des services d'évaluation de conformité et, dans certains secteurs, accédent aux mardques de

conformité de I'lEC. L’IEC n'est responsable d'adcun des services effectués par les organismes de certffication

indgpendants.

6) Tou

7) Aucy
y cd
pou
naty
dép
Pub)

8) L'at
réfé|

9) L’at
I'ob
de

les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publicatig

=}

ne responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,
mpris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I'lEC,
tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de Quelque
re que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les
enses découlant de latpublication ou de ['utilisation de cette Publication de I'lEC ou de toutp autre
ication de I'lEC, ou au’crédit qui lui est accordé.

ention est attirée(sur-les références normatives citées dans cette publication. L'utilisation de publ|cations
Fencées est obligatoire pour une application correcte de la présente publication.

ention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvgnt faire
et de droifs\de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
revets.et\d€ ne pas avoir signalé leur existence.

La No¢rme internationale IEC 61140 a été établie par le comité d'études 64 de |I'IEC:
InstallWQMmmWMﬁwﬁi' -

Cette

quatrieme édition annule et remplace la troisiéme édition parue en 2001 et

I'Amendement 1:2004. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:
a) Introduction du contenu de I'lEC 60449

b) Meilleure distinction entre les dispositions et les mesures

c) Pri
d) Int

se en compte des effets autres que la fibrillation ventriculaire

roduction d'une protection complémentaire

e) TBT définie comme partie intégrante de BT
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f) Dispositifs adaptés au sectionnement exigés pour la coupure automatique de
I'alimentation (BT)

g) Les exigences relatives au courant circulant dans le conducteur de protection ont été

de

Le tex

Le ra

placées dans le corps du texte de la norme

te de cette norme est issu des documents suivants:

FDIS Rapport de vote
64/2076/FDIS 64/2091/RVD

nort-devote-indiaud-dans letahleau ci-dessiie donna tolte-infoarmation cur la vat
P8 ote1haigHe-aahRs—e6—+tauvtoadu—Gi-a85SHS— o R8Ot HoH R aHe-SU+—16— O+

abouti

Cette

Elle a

a l'approbation de cette norme.
publication a été rédigée selon les Directives ISO/IEC, Partie 2.

le statut d'une publication fondamentale de sécurité conformément au Guide IEC

des d
de la

L’atteItion du lecteur est attirée sur le fait que I’Annexe C énumeére\tous les articles t

résente norme.

Le comité a décidé que le contenu de cette publication ne(sera pas modifié avant la d

stabili
relativi

e red

e SuU

é indiquée sur le site web de I'lEC sous "http:/webstore.iec.ch" dans les do
es a la publication recherchée. A cette date, laspublication sera

onduite,

bprimée,

e remplacée par une édition révisée, ou

e anj

endée.

ayant

04.
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PROTECTION CONTRE LES CHOCS ELECTRIQUES -
ASPECTS COMMUNS AUX INSTALLATIONS ET AUX MATERIELS

1 Domaine d’application

La présente Norme internationale est une publication fondamentale de sécurité avant tout
destinée a étre utilisée par les comités d’études lors de [I'élaboration de normes

conformément aux principes établis dans le Guide IEC 104 et le Guide ISQ/IEC 51

Elle n’est pas destinée a étre utilisée seule.

Confofmément au Guide 104, il est demandé aux comités d'études, lors de|'élaborati

bn, de

I'amernjdement ou de la révision de leurs publications, d'utiliser toute publication fondamentale

de ségurité applicable, telle que I'lEC 61140.

La prgsente Norme internationale est applicable a la protection) des personnes ¢
animapux d'élevage contre les chocs électriques. Elle est destinée a donner des pri

t des
ncipes

fondamentaux et des exigences communes aux installations;dux systémes et aux maitériels

électriques, ou nécessaires a leur coordination sans limitation en ce qui concerne I'am
de tenlsion ou de courant, ou le type de courant, et pour desfréquences jusqu'a 1 000 H

a basse tension et a haute tension. Pour les besaoins de la présente norme, la basse t
correspond a toute tension assignée jusqu'a et y compris 1 000 V en courant altern
1 500 |V en courant continu. La haute tension{correspond a toute tension assignée sup§
a 1 000 V en courant alternatif ou 1 500 V_en courant continu.

Certaips articles dans la présente norme se référent a-des systémes, installations et ma£érie|s

Il conyient de noter que, pour une_ conception et une sélection efficaces des mesui
prévention, il est nécessaire de considérer le type de tension qui peut survenir et sa
d'onde, c’est-a-dire la tension (en courant alternatif ou en courant continu, sinusqg
transifoire, a commande de phase, en courant continu superposé, ainsi qu'un éy
mélanpe de ces formes. Les installations ou matériels peuvent influencer la forme d'or
la tengion, par exemplesau moyen d'onduleurs ou de convertisseurs. Les courants cif
dans gles conditions ndrmales de fonctionnement et dans des conditions de défaut déps
de la fension décrite.

-

2 Reéférences normatives

Les dcuments survants sont cités en reference de maniére normative, en mtegralrte

litude
7.

nsion
tif ou
rieure

es de
forme
idale,
entuel
de de
culant
ndent

ou en

references datees seule I’ edltlon citée s’applique. Pour les references non datees la derniére

édition du document de référence s’applique (y compris les éventuels amendements).
IEC 60038, Tensions normales de la CEI

IEC 60068 (toutes les parties), Essais d'environnement

IEC 60071-1, Coordination de l'isolement — Partie 1: Définitions, principes et régles
IEC 60071-2, Coordination de l'isolement — Partie 2: Guide d'application

IEC 60364-5-54:2011, Installations électriques basse-tension — Partie 5-54: Choix et m

ise en

ceuvre des matériels électriques — Installations de mise a la terre et conducteurs de protection
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IEC 60417, Symboles graphiques utilisables sur le matériel (disponible a I'adresse
http://www.graphical-symbols.info/equipment)

IEC 60445, Principes fondamentaux et de sécurité pour les interfaces homme-machines, le
marquage et l'identification — Identification des bornes de matériels, des extrémités de
conducteurs et des conducteurs

IEC TS 60479-1:2005, Effets du courant sur I'homme et les animaux domestiques — Partie 1:
Aspects généraux

IEC TR 60479-5, Effets du courant sur I'homme et les animaux domestiques — Partie 5:
Valeufs des seuils de tension de contact pour les effets physiologiques

IEC 60529, Degrés de protection procurés par les enveloppes (Code IP)

IEC 60664 (toutes les parties), Coordination de I'isolement des matériels dans les systémes
(résequx) a basse tension

IEC 60664-1:2007, Coordination de l'isolement des matériels dans les systéemes (réseaux) a
basse|tension — Partie 1: Principes, exigences et essais

IEC 60721 (toutes les parties), Classification des conditions-d'environnement

IEC 60990, Méthodes de mesure du courant de contact)et du courant dans le conducteur de
protedtion

IEC T[S 61201:2007, Utilisation des tensions (limites conventionnelles de contact — |Guide
d'appljcation

IEC 62271-102, Appareillage a haute tension — Partie 102: Sectionneurs et sectionnelirs de
terre g courant alternatif

IEC Guide 104, The preparation~of safety publications and the use of basic safety publidations
and group safety publications\(disponible en anglais seulement)

ISO/IBC Guide 51:2014, Aspects liés a la sécurité — Principes directeurs pour les incluré dans
les nofmes

3 Termes.ét)définitions

Pour Iesibesoins du présent document, les termes et définitions suivants s’appliquent.

NOTE Un index des définitions est donné a I’Annexe B.

3.1

choc électrique

effet physiologique résultant du passage d'un courant électrique a travers le corps humain ou
celui d'un animal d'élevage

Note 1 a l'article: Les effets physiologiques incluent, par exemple, la perception, les contractions musculaires et
la tétanie, les difficultés respiratoires, les troubles de la fonction du cceur, I'immobilisation, I'arrét cardiaque, I'arrét
respiratoire, les brdlures ou autres atteintes cellulaires.

Note 2 a I'article: Les effets physiologiques résultant de la FEM ne sont pas considérés dans la présente norme.

[SOURCE: IEC 60050-195:1998, 195-01-04, modifiée — "a travers le corps humain ou celui
d'un animal d'élevage" remplace "a travers le corps humain ou celui d'un animal"; ajout de 2
Notes a l'article]
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3.1.1

protection principale
protection contre les chocs électriques en I'absence de défaut

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

3.1.2

protection en cas de défaut
protection contre les chocs électriques dans des conditions de premier défaut

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-06-02]

3.1.3

prote«
proteg
proteg

[SOUHR
électri

3.1.4

condi
état d
défauf

Note 1
toutes g

3.2
circui
ensen;

Note 1
batimer

3.3

matér,
matér
de I'é
dispos

[SOUH

ttion complémentaire

tion contre les chocs électriques en complément de la protection principale et/o\
tion en cas de défaut

RCE: |EC 60050-826:2004, 826-12-07, modifiée — “protectiont contre les
ques” remplace “mesure de protection”]

lion de premier défaut
hns lequel un moyen de protection contre les chacs'\électriques est défectueux
est présent, ce qui peut entrainer un danger

a l'article: Si une condition de premier défaut engendre une ou plusieurs autres conditions de
ont considérées comme une seule condition de premier'défaut.

t électrique
ble de dispositifs ou de milieux dafs lesquels peuvent circuler des courants électr

a l'article: Voir également I'lEC 60050-826:2004, 826-14-01 pour les installations électriqu
ts.

el électrique

el utilisé pour laproduction, la transformation, le transport, la distribution ou I'util
nergie électriqie, tel que machine, transformateur, appareillage, appareil de m
itif de protection, canalisation électrique, matériels d'utilisation

RCE: IEC.60050-826:2004, 826-16-01]

3.4
partie

de la

chocs

Oou un

défaut,

iques

es des

sation
Bsure,

—active

partie conductrice destinée a étre sous tension dans des conditions normales, y compris le
conducteur de neutre ou le conducteur de point milieu, mais par convention, excepté le
conducteur PEN, le conducteur PEM ou le conducteur PEL

Note 1 a I'article: La notion n'implique pas nécessairement un risque de choc électrique.

[SOURCE: IEC 60050-195:1998, 195-02-19, modifiée — “...conditions normales, y compris le
conducteur de neutre ou le conducteur de point milieu” remplace “service normal, y compris le
conducteur de neutre..”]

3.5
partie
partie

active dangereuse
active qui peut provoquer, dans certaines conditions, un choc électrique nuisible
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Note 1 a I'article: En haute tension, une tension dangereuse peut étre présente a la surface d’une isolation solide.
Dans ce cas, la surface est considérée comme une partie active dangereuse.

[SOURCE: IEC 60050-195:1998, 195-06-05]

3.6

partie conductrice accessible

masse (dans une installation)

partie conductrice d'un matériel, susceptible d'étre touchée, et qui n'est pas normalement
sous tension mais peut le devenir lorsque l'isolation principale est défaillante

Note 1 a l'article: Une partie conductrice d'un matériel électrique qui ne peut étre mise sous tension que par
I'intermEdraire dune partie conductrice accessible qui est devenue sous tension, Nest pas consideree comme une
partie cpnductrice accessible.

[SOURCE: IEC 60050-195:1998, 195-06-10]

3.7
élément conducteur étranger
partie |conductrice ne faisant pas partie de I'installation électrique et)susceptible d’intrpduire
un potentiel électrique, généralement celui d'une terre locale

[SOURCE: IEC 60050-195:1998, 195-06-11]

3.8
tensign de contact

3.8.1
tensign de contact (effective)
tensign de toucher effective

tensiop entre des parties conductrices touchées simultanément par une personne pu un
animal d'élevage

Note 1 p l'article: La valeur de la tension descontact effective peut étre sensiblement influencée par I'imgédance
de la pgrsonne ou de I'animal d'élevage en contact électrique avec ces parties conductrices.

[SOURCE: IEC 60050-195:1998, 195-05-11, modifiée — “par une personne ou un animal
d'élevage” remplace “une personne ou un animal’]

3.8.2
tensign de contact présumée
tensign de toucher'présumée
tensiop apparaissant entre des parties conductrices simultanément accessibles quard ces
parties conductrices ne sont pas touchées par une personne ou un animal d'élevage

[SOUREE~ IEC 60050-195:1998, 195-05-09, modifiée — “par une personne ou un :Fnimal
d'élevage”remplace ‘Une personne ou un animal’]

3.9

courant de contact

courant électrique passant dans le corps humain ou dans le corps d'un animal d'élevage
lorsque ce corps est en contact avec une ou plusieurs parties accessibles d'une installation
ou de matériels

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-05-21, modifiée — “dans le corps d'un
animal d'élevage” remplace “dans le corps d'un animal’]

3.10
isolement
ensemble des propriétés qui caractérisent I’aptitude d'une isolation a assurer sa fonction
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Note 1 a l'article: Des exemples de propriétés pertinentes sont la résistance, la tension de claquage.

Note 2 a l'article: L'isolement peut étre solide, liquide ou gazeux (par exemple I'air), ou une combinaison de ces
formes.

[SOURCE: IEC 60050-151:2001, 151-15-42, modifiée — Ajout de Note 2 a I'article]

3.10.1
isolation principale
isolation des parties actives dangereuses qui assure la protection principale

Note 1 a I'article: Cette notion n'est pas applicable a l'isolation utilisée exclusivement a des fins fonctionnelles.

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

3.10.

isolatjon supplémentaire
isolatipn indépendante prévue, en plus de l'isolation principale, en tant qué)protection ¢n cas
de défaut

[SOURCE: IEC 60050-195:1998, 195-06-07]

3.10.
doublp isolation
isolatipn comprenant a la fois une isolation principale et Gne isolation supplémentaire

[SOURCE: IEC 60050-195:1998, 195-06-08]

3.10.4
isolatjon renforcée
isolatipbn des parties actives dangereuses assurant une protection contre les |[chocs
électrigues équivalente a celle d'une double isolation

Note 1 [a I'article: L’isolation renforcéespeut comporter plusieurs couches qui ne peuvent pas étre soumises a
essais $éparément en tant qu’isolationprincipale ou isolation supplémentaire.

[SOURCE: IEC 60050-195:1998, 195-06-09, modifiée — suppression de "assurant un degré..."]

3.1
envirgnnement non conducteur
dispogition par laguelle une personne ou un animal d'élevage touchant une partie conddictrice
accessible quiest devenue une partie active dangereuse est protégée par l'impédance ¢levée
de son environnement (par exemple murs et sols isolants) et par I'absence de parties
condufrtrices mises a la terre

[SOURCE: IEC 60050-195:1998, 195-06-21, modifiée — “animal” remplacé par “animal
d'élevage’]

3.12

obstacle de protection (électrique)

élément empéchant un contact fortuit entre un humain ou un animal d'élevage avec une partie
active, mais ne s'opposant pas a un tel contact par une action délibérée

[SOURCE: IEC 60050-195:1998, 195-06-16, modifiée — "contact direct" remplacé par
"contact" et introduction de “entre un humain ou un animal d'élevage avec une partie active”]
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3.13

barriére de protection (électrique)

partie assurant la protection contre les contacts entre un humain ou un animal d'élevage avec
une partie active dans toute direction habituelle d'accés

[SOURCE: IEC 60050-195:1998, 195-06-15, modifiée — "contact direct" remplacé par
"contact" et introduction de “entre un humain ou un animal d'élevage avec une partie active”]

3.14
enveloppe de protection (électrique)
enveloppe électrique entourant les parties internes des matériels et empéchant, dans toutes

| di . I N L. L.
€S dIrectomns,; Tacces a unepartre—actve

Note 1 p I'article: De plus, une enveloppe procure généralement une protection contre les influencesvintgrnes et
externep, par exemple entrée de poussiére ou d'eau, ou une protection contre les dommages mécaniques.

[SOURCE: IEC 60050-195:1998, 195-06-14, "modifiée — "parties actives dangerg¢uses"
remplacé par "une partie active" et ajout de la Note 1 a l'article]

3.15
volunje d'accessibilité au toucher
zone p'étendant entre tout point de la surface ou les personnes se tiennent et cinculent
habituellement, et la limite qu'une personne peut atteindre avec la main, dans toutes les
directipons, sans moyen auxiliaire

[SOURCE: IEC 60050-195:1998, 195-06-12]

3.16
liaisoh équipotentielle
mise [en coeuvre de liaisons électriques entre parties conductrices pour re¢aliser
I'équigotentialité

Note 1 p l'article: L'efficacité d'une liaison"€guipotentielle peut dépendre de la fréquence du courant qui y g¢ircule.

[SOURCE: IEC 60050-195:1998;:195-01-10, modifiée — Ajout de la Note 1 a I'article]

3.16.1
liaison équipotentielle de protection
liaison équipotentielle Jréalisée a des fins de sécurité (par exemple, protection confre les
chocs|électriques)

Note 1 p I'articles~Une liaison équipotentielle fonctionnelle est définie dans I'lEC 60050-195:1998, 195-01-16.

[SOURGE:

IEC 60050-195:1998, 195-01-15, modifiée — introduction de “(par ex¢
proteo onhtre les chocs-élecirigues) et ajout-dela 'article

”

3.16.2

borne d'équipotentialité

borne dont un matériel ou un dispositif est muni, et destinée a étre connectée électriquement
au réseau de liaison équipotentielle

[SOURCE: IEC 60050-195:1998, 195-02-32]

3.16.3
borne d'équipotentialité de protection
borne destinée a des fins d'équipotentialité de protection
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3.16.4
conducteur de protection
conducteur prévu a des fins de sécurité, par exemple protection contre les chocs électriques

[SOURCE: IEC 60050-195:1998, 195-02-09]

3.16.5
conducteur de mise a la terre de protection, PE
conducteur de protection prévu pour réaliser la mise a la terre de protection

[SOURCE: IEC 60050-195:1998, 195-02-11, modifiée — modification de l'intitulé du terme]

3.16.6
condycteur PEN
condupteur assurant a la fois les fonctions de conducteur de mise a la terre de-protecjion et
de conducteur de neutre

[SOURCE: IEC 60050-195:1998, 195-02-12]

3.16.7
condycteur PEM
condugteur assurant les fonctions de conducteur de mise a 'la terre de protection|et de
condupteur de point milieu

[SOURCE: IEC 60050-195:1998, 195-02-13]

3.16.8
condycteur PEL
condupteur assurant a la fois les fonctionside conducteur de mise a la terre de protecfion et
de conducteur de ligne

[SOURCE: IEC 60050-195:1998, 195-02-14]

3.16.9
condycteur de liaison de protection

conducteur d'équipotentialité

condufteur de protection/prévu pour réaliser une liaison équipotentielle de protection

[SOURCE: IEC 60050-195:1998, 195-02-10]

3.16.1[0
condycteur'de ligne

DECONSEILLE: conducteur de phase
conducteur sous tension en service normal et capable de participer au transport ou a la
distribution de I'énergie électrique, mais qui n'est ni un conducteur de neutre ni un conducteur
de point milieu

[SOURCE: IEC 60050-195:1998, 195-02-08]

3.16.11

conducteur (de) neutre

conducteur relié électriguement au point neutre et pouvant contribuer a la distribution de
I'énergie électrique

[SOURCE: IEC 60050-195:1998, 195-02-06]
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3.17
terre
notion qui se référe a la planéte et a toute la matiére dont elle est composée

3.17.1

mettre a la terre (verbe)

réaliser une liaison électrique entre la terre locale et un point donné d'un réseau,
installation ou d'un matériel

Note 1 a I'article: La liaison a la terre locale peut étre:

— intentionnelle; ou

d'une

— nor intentionnelle; ou

— acdidentelle

et peut jetre permanente ou temporaire.

3.17.2
terre ¢le référence

partie|de la Terre considérée comme conductrice, dont le potentiel jélectrique est pris, par
conveption, égal a zéro, étant hors de la zone d'influence de toute'installation de mige a la

terre
[SOURCE: IEC 60050-195:1998, 195-01-01, modifiée — Notexsupprimée]

3.17.3
terre ({locale)

partie|de la Terre en contact électrique avec une prise de terre, et dont le potentiel élegtrique

n'est gas nécessairement égal a zéro

[SOURCE: IEC 60050-195:1998, 195-01-03]

3.17.
prise de terre
électrpde de terre

partie [conductrice pouvant étfe,incorporée dans un milieu conducteur particulier, par exemple

béton jou coke, en contact, électrique avec la Terre
[SOURCE: IEC 60050-195:1998, 195-02-01]

3.17.

condycteur de (mise a la) terre

condurteurassurant un chemin conducteur, ou une partie du chemin conducteur, en
point donné“d’un réseau, d’une installation ou d’'un matériel et une prise de terre

fre un

[SOURCE: IEC 60050-195:1998, 195-02-03]

3.17.6
installation de mise a la terre

ensemble des liaisons électriques et dispositifs mis en ceuvre dans la mise a la terre d'un

réseau, d'une installation ou d'un matériel

Note 1 a I'article: Cela peut étre une disposition locale limitée de prises de terre interconnectées en haute

[SOURCE: IEC 60050-195:1998, 195-02-20, modifiée — Ajout de la Note 1 a I'article]

tension.
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3.17.7

mise a la terre pour des raisons de protection

mise a la terre d'un ou plusieurs points d'un réseau, d'une installation ou d'un matériel pour
des raisons de sécurité électrique

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-01-11]

3.17.8

mise a la terre pour des raisons fonctionnelles

mise a la terre d’'un ou de plusieurs points d’'un réseau, d’'une installation ou d’'un matériel
pour des raisons autres que la sécurité électrique

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-01-13]

3.18
coupyre automatique de I'alimentation
interryption d'un ou de plusieurs conducteurs de ligne provoquée par: le fonctionnement
automjatique d'un dispositif de protection en cas de défaut

Note 1 |a l'article: Cela ne signifie pas nécessairement l'interruption de tous les conducteurs du |réseau
d'alimentation.

[SOURCE: IEC 60050-195:1998, 195-04-10, modifiée — “in _the event of a fault” rempldce “in
case gf a fault” dans la définition anglaise et ajout de la Note’1 a I'article]

3.19
mesure de protection renforcée
mesurje de protection dont la fiabilité n'est pas moindre que celle fournie par deux mesufes de
protegtion indépendantes

3.20
écran|(conducteur)
partie |conductrice qui enveloppe ou‘sépare des circuits électriques et/ou des conducteufs

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-02-38]

3.21
écran|de protection/(électrique)
écran [conducteur utilisé pour séparer un circuit électrique et/ou des conducteurs des parties
activep dangereuses

[SOURCEAEC 60050-195:1998/AMD1:2001, 195-06-17]

3.22
protection (électrique) par écran

séparation de circuits électriques et/ou de conducteurs par rapport aux parties actives
dangereuses par un écran de protection électrique relié au réseau de liaisons équipotentielles
de protection et destiné a fournir une protection contre les chocs électriques

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-06-18]

3.23

séparation simple

séparation entre circuits électriques ou entre un circuit électrique et la terre locale par une
isolation principale

[SOURCE: IEC 60050-826:2004, 826-12-28]
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3.24

séparation de protection (électrique)

séparation entre deux circuits électriques au moyen:

— d'une double isolation; ou

— d'une isolation principale et d'une protection électrique par écran; ou

— d'une isolation renforcée

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-06-19]

3.25

séparption (électrique)
mesure de protection dans laquelle les parties actives dangereuses sont isolées de tous les
autreg circuits électriques et parties, de la terre locale et de tout contact

[SOURCE: IEC 60050-826:2004, 826-12-27]

3.26

trés bjasse tension
TBT
toute fension ne dépassant pas la valeur maximale de la tepsion de contact présumge qui
peut &tre maintenue indéfiniment dans des conditions spécifiées”d'influences externes

3.26.:1l
schéma TBTS
schénla électrique dont la tension ne peut pas dépasser la valeur de la trés basse tensiqn:

— daphs des conditions normales, et

— daps des conditions de premier défaut,.y*"compris des défauts de mise a la terre d’putres
cirpuits électriques

Note 1 p I'article: TBTS est I'abréviation de trés basse tension de sécurité.

[SOURCE: IEC 60050-826:2004+:,826-12-31, modifiée — "premier défaut" remplace "défaut
simplg"]

3.26.2
schéma TBTP
schéma électrique dont la tension ne peut pas dépasser la valeur de la trés basse tensign:
— daps des coenditions normales, et
— daps des-¢onditions de premier défaut, a I'exception des défauts a la terre dans les putres

cirpuits-électriques

Note 1 aTartcier  TBTP estrabreviation de res basse enston de protection.

[SOURCE: IEC 60050-826:2004, 826-12-32, modifiée — "premier défaut" remplace "défaut
simple"]

3.27

protection par limitation du courant de contact en régime établi et de la charge
électrique

protection contre les chocs électriques assurée par la conception des circuits ou des

matériels (électriques), de telle fagon que le courant en régime établi et la charge électrique

soient limités au-dessous d'une valeur dangereuse, dans les conditions normales ou de

défaut

[SOURCE: IEC 60050-826:2004, 826-12-34, modifiée — "courant permanent" remplacé par
"courant de contact en régime établi"]
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3.28
source a courant limité
appareil qui fournit de I'énergie électrique a un circuit électrique

— avec une séparation de protection vis-a-vis des parties actives dangereuses, et

— assurant que le courant de contact en régime établi et la charge sont limités a des niveaux
non dangereux en fonctionnement normal ou dans des conditions de défaut

3.29

dispositif d'impédance de protection

composant ou ensemble de composants dont I'impédance et la conception limitent le courant
de contact en régime établi et la charge a des niveaux non dangereux

[SOURCE: IEC 60050-826:2004, 826-12-35, modifiée — suppression de "sont telles gp'elles
assurent la limitation ..."]

3.30
personne qualifiée (en électricité)
persomne ayant la formation et I'expérience appropriées pour lui permettre de percevpir les
risquep et d’éviter les dangers que peut présenter |'électricité

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-04-01]

3.31
personne avertie (en électricité)
persomne suffisamment informée ou surveillée par<{des personnes qualifiées en éle¢tricité
pour |ui permettre de percevoir les risques et d‘éviter les dangers que peut prépgenter
I'électficité

[SOURCE: IEC 60050-195:1998/AMD1:2001, 195-04-02]

3.32
personhne ordinaire
persomne qui n'est ni une personne-qualifiée ni une personne avertie

[SOURCE: IEC 60050-195:1998, 195-04-03]

3.33
tensign de pas
tensioh entre deux-points de la surface de la Terre distants de 1 m

Note 1 p l'article™™ Cette distance de 1 m est considérée comme la longueur de I'enjambée d’'une personne.

[SOUREEZ IEC 60050-195:1998, 195-05-12, modifiée — suppression de “ce qui est confsidéré
comme Ta fongueur de l'enjambée d'une personne” et ajout de la Note T a larticle]

3.34

gradient de potentiel

contréle du potentiel de la terre, plus particuliéerement celui de la surface de la terre, au
moyen de prises de terre

3.35

zone dangereuse

dans le cas de la haute tension, zone limitée par une distance minimale autour des parties
actives dangereuses ne présentant pas une protection compléete

Note 1 a l'article: L’entrée dans une zone dangereuse est considérée comme équivalente au contact avec des
parties actives dangereuses.
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3.36

courant de fuite

courant électrique qui, dans des conditions normales, s'écoule a travers un chemin électrique
non prévu

[SOURCE: IEC 60050-195:1998, 195-05-15, modifiée — "non prévu" remplace "non désiré"]

3.37

matériel semi-fixe

matériel stationnaire

matériel installé a poste fixe ou matériel électrique non muni d'une poignée pour le transport

et ayantumemassetettequitmepuissepas—étredéptacéfacitement———

Note 1 [a I'article: Cette masse est fixée a 18 kg au minimum dans les normes CEIl relatives{aux appareils
électroqomestiques.

[SOURCE: IEC 60050-826:2004, 826-16-06, modifiée — "au minimum" ajoutée a la Note 1 a
I'articlg]

3.38
coura:Ft dans le conducteur de protection

couramt électrique apparaissant dans un conducteur de protection; tel que courant de fyite ou
courant électrique di a un défaut d'isolation

[SOURCE: IEC 60050-826:2004, 826-11-21]

3.39
systéme
ensenyble d’éléments reliés entre eux, consideré comme un tout dans un contexte ddfini et
sépar¢ de son environnement

[SOURCE: IEC 60050-351:2013, 351-42-08, modifiée — Notes supprimées]

3.40
instal|ation (électrique)
ensenjble de matériels électriques associés ayant des caractéristiques coordonnées gn vue
d'une ppplication donnée

[SOURCE: IEC 60050-826:2004, 826-10-01]

3.41
sectighnement
fonctign/destinée a assurer la mise hors tension et le maintien a une distance adéquate de
toute gsource d'énergie électrique, pour des raisons de sécurité

3.42

tension de tenue aux chocs

valeur de créte d'une tension de choc, de forme et de polarité prescrites, qui ne provoque pas
de claquage dans des conditions d'essai spécifiées

3.43

bralure électrique

brilure de la peau ou d'un organe, causée par le passage superficiel ou en profondeur d'un
courant électrique

[SOURCE: IEC 60050-195:1998, 195-03-01]
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3.44

mesure de protection

mesure indépendante destinée a assurer la protection contre les chocs électriques dans des
conditions spécifiées

Note 1 a l'article: La mesure peut étre un moyen, une technique, un dispositif ou un processus.

3.45

mesure de prévention

combinaison appropriée de mesures de protection pour la protection contre les chocs
électriques

4 Regle fondamentale de protection contre les chocs électriques

4.1 |Généralités

Un chpc électrique est défini comme un effet physiologique résultant d'un’ courant élegtrique
passanht dans le corps humain ou le corps d'un animal d'élevage. L'effet)physiologique peut
étre npisible (par exemple, fibrillation ventriculaire, brllures, asphyxie);.voir 4.2 a 4.5, qQu non
nuisible (par exemple, réaction musculaire, perception), voir 4.6.

Les parties actives dangereuses ne doivent pas étre accessibles et les parties condugtrices
accessibles ne doivent pas étre dangereuses:

— ni|dans les conditions normales (fonctionnement{selon l'utilisation prévue, voir 3.6 du
Gdide ISO/IEC 51:2014, et absence de défaut),

— ni dans des conditions de premier défaut.

NOTE |Les régles d'accessibilité pour les personngs “ordinaires peuvent étre différentes de celles pour les
personijes qualifiées ou averties et peuvent aussi varier-selon les produits et les emplacements.

Pour les installations, les systéemes et les matériels & haute tension, I'entrée dans ung zone
dangefreuse est considérée comme, équivalente au contact avec des parties 4gctives
dangereuses.

La prptection dans des conditions normales (voir 4.2) est assurée par une profection
principale. La protection dans des conditions de premier défaut (voir 4.3) est assurée par une
protedtion en cas de dgfaut. La protection complémentaire est spécifiée comme faisant|partie
d'une mesure de préyention (voir 4.4), le cas échéant.

Les mesures dé/protection renforcée (voir 4.3.3) assurent la protection dans les tyges de
conditjons normales et de premier défaut.

4.2 Conditions normales

Afin de satisfaire a la regle fondamentale de protection contre les chocs électriques dans des
conditions normales, une protection principale, comme spécifié dans la présente norme, est
nécessaire.

Les exigences relatives aux mesures de protection principale sont données en 5.2.

Afin de définir les exigences pour les installations et matériels, les bandes suivantes sont
spécifiées:

e Haute tension (HT)

lorsque la protection contre les chocs électriques est garantie par des mesures spéciales,
en particulier des installations de mise a la terre.

e Basse tension (BT)
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lorsque la protection contre les chocs électriques est garantie par une protection
principale et en général également une protection en cas de défaut.

La trés basse tension (TBT) fait partie de la bande BT.

Lorsque la TBT est appliquée, la protection en cas de défaut peut ne pas étre nécessaire,
et dans certaines conditions, une protection principale est fournie avec limitation de
tension. Ces conditions incluent la zone de contact, I'hnumidité, la tension, le courant et
autres conditions définies pour des applications particuliéres.

Le Tableau 1 spécifie les différentes limites de tension pour les bandes mentionnées ci-
dessus.

Les valeurs dans le Tableau 1 sont basées sur les conditions suivantes:

régseaux a courant alternatif:

— | pour les réseaux mis a la terre par les valeurs efficaces des tensionshentre phpse et
terre et entre phases;

— | pour les réseaux isolés ou non efficacement mis a la terre, par la\valeur efficacq de la
tension entre phases.

régeaux a courant continu:

— | pour les réseaux mis a la terre par les valeurs des tensions entre phase et tgrre et
entre phases;

— | pour les réseaux isolés ou non efficacement mis@ la'terre, par la valeur de la t¢nsion
entre phases.

Tableau 1 — Limites pour bandes de tension

Bande de tension

courant alternatif

courant continu

HT >1000V >1500V
<1000V <1500V

BT
TBT <50V <120V

La

limite supérieure de la (TBT de 120V en courant continu a été définie pendgnt de

nombreuses années par convention. Cependant, différentes situations environnementgles et
de comtact comme décrifidans I'lEC TS 60479-1 entrainent différentes valeurs de courgnt de
contagt, pour une tension donnée. De méme, la forme du courant et le chemin parcoury dans
le corps influencent ‘fortement le niveau de danger. Par conséquent, il est demandé aux
comitgs d'études,de considérer trés attentivement si une valeur TBT inférieure a 124 V en

couranmt continu~peut étre nécessaire pour leur norme spécifique.

4.3
431

Conditions de premier défaut

Generalites

Les premiers défauts doivent étre considérés si

une partie active accessible, non dangereuse est devenue une partie active dangereuse
(par exemple, en raison d'une défaillance de la limitation du courant de contact en régime
établi et de la charge électrique), ou si

une partie conductrice accessible qui n'est pas sous tension dans des conditions normales
est devenue une partie active dangereuse (par exemple, en raison d'une défaillance entre
I'isolation principale et les masses), ou si

une partie active dangereuse est rendue accessible (par exemple, par défaillance
mécanique d'une enveloppe).
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Pour satisfaire a la régle fondamentale dans des conditions de premier défaut, une protection
en cas de défaut est nécessaire, et dans certains cas une protection complémentaire. Cette
protection peut étre réalisée par

une mesure de protection complémentaire, indépendante de la mesure de protection
principale (voir 4.3.2), ou

une mesure de protection renforcée (voir 4.3.3) qui assure a la fois une protection
principale et une protection en cas de défaut,

en prenant en compte toutes les influences appropriées.

Des eyxigeneces—relativesathmesures-deprotectionencas-de-défautsont-dennéesen53.
4.3.2 Protection par des mesures de protection indépendantes

Chacyne des mesures de protection indépendantes doit étre congue de-maniére qu'une
défaillance ne soit pas susceptible de se produire dans les conditions spécifiées par le comité
d'études approprié.

Les msures de protection indépendantes ne doivent pas avoir d'influence 'une sur 'adtre de
maniéfe que la défaillance de 'une puisse rendre 'autre inopérante.

La défaillance simultanée des mesures de protection indépendantes est improbable etl n'est
normalement pas nécessaire de la prendre en compte. £a confiance repose sur les mesures
de prdtection non affectées demeurant effectives.

4.3.3 Protection par une mesure de protection'renforcée

Les pfopriétés d'une mesure de protection,renforcée doivent étre telles que l'efficadité de

cette |protection soit la méme que celle réalisée par deux mesures de profection
indépgndantes. Les exigences pour des. mesures de protection renforcée sont données pn 5.4.

4.4 |Protection complémentaire

Si l'utilisation prévue implique-un risque inhérent accru, par exemple, pour des emplacements
présemtant un contact a faibte impédance des personnes avec le potentiel de terre, les
comitgs d'études doiventiconsidérer la nécessité éventuelle de spécifier une profection
complgmentaire. Une telle protection complémentaire peut étre prévue dans l'installat|on, le
systéme ou le matériel)

Les exigences-r€latives a la protection complémentaire sont données en 5.5.

Les cpnditions de premier défaut résultant d'une ou plusieurs défaillances consédutives
doivent'€tre considérées comme condition de premier défaut.

4.5 Protection contre les brilures électriques

Les comités d'études doivent définir dans leurs normes des mesures pour assurer une
protection contre les brllures électriques.

Une bralure électrique peut étre provoquée lorsqu'un courant d'une densité et d'une durée
suffisantes traverse le corps humain ou un animal d'élevage. Les arcs peuvent également
provoquer des brdlures.

Les effets peuvent étre graves méme si uniguement une partie infime du corps est touchée.

NOTE 1 Des brdlures profondes et autres blessures internes, ou brdlures en surface peuvent se produire.
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NOTE 2 Des informations techniques sur les bralures électriques peuvent étre consultées dans I'lEC TS 60479-1
et la technique de mesure peut étre consultée dans I'lEC 60990 pour de nombreux cas.

4.6 Protection contre les effets physiologiques sans effet nocif pour la santé
4.6.1 Généralités

Les comités d'études doivent considérer si les effets suivants doivent étre pris en compte
dans leurs normes.

Le courant circulant dans le corps humain sans avoir d'effet nocif direct peut provoquer des
situations qui sont peu pratiques ou dangereuses (par exemple, résultats d'une réaction de
tressajfement)

Ceci geut concerner le seuil de perception ou le seuil de douleur ou la sensation de-chaleur.

4.6.2 Réaction musculaire

Les cpntractions musculaires involontaires sont susceptibles de se produire, lorsqlie les
courants traversant le corps humain ou un animal d'élevage circulent dans la plage des|zones
AC-2 ges zones de temps/courant, pour le courant alternatif 15 Hz(@, 100 Hz, et dans la|plage
des zpnes DC-2 des zones de temps/courant, pour le courant continu conforménjent a
I'"EC TS 60479-1.

Pour Ie courant alternatif avec une fréquence inférieure@ 100 Hz ou pour un courant cpntinu
avec ¢ndulation ne dépassant pas 10 %, le seuil de ténsion de contact pour réaction e doit
pas d¢passer les valeurs données dans le Tableau 2:

Tableau 2 - Seuils de tension de contact pour réaction

Type de réaction Seuil de tension

2 V en courant alternatif ou
Réaction de tressaillement
8 V en courant continu

20 V en courant alternatif ou
Réaction musculaire
40 V en courant continu

Ces valeurs du Tableal 2'sont définies pour des conditions seches et une zone de contpct de
35 cmp.

Si d'qutres conditions d’environnement telles que imbibé d'eau salée, imbibé d'epu ou
immengé, sont-considérées, ces valeurs peuvent étre réduites, en fonction égalemegnt du
chemih parcouru par le courant dans le corps.

4.6.3 Effets du courant de contact de décharge des charges électrostatiques

Les réactions de tressaillement sont susceptibles de se produire lorsque les courants
résultant d'une décharge électrostatique circulent dans le corps humain ou un animal
d'élevage.

4.6.4 Effets thermiques

Une sensation de chaleur peut étre observée, lorsque méme de faibles valeurs de courant
circulent dans le corps humain ou un animal d'élevage. L'effet peut étre plus évident a des
fréquences plus élevées.

Des effets comme 'augmentation de la pression artérielle, I'immobilisation, les troubles de
formation et la conduction d'impulsions cardiaques (notamment les troubles de fibrillation
auriculaire et de rythme transitoire) peuvent se produire.
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5 Mesures de protection (éléments de mesures de prévention)

5.1 Généralités

Les Paragraphes 5.2 a 5.5 donnent une vue d'ensemble des différentes mesures de
protection. Les mesures de prévention résultent d'une combinaison appropriée d'entre elles.
La structure des mesures de prévention types est décrite dans I'Article 6.

Toutes les mesures de protection doivent étre congues et construites pour étre effectives
pendant la durée de vie anticipée de l'installation, du systéme ou du matériel lorsqu'ils sont
utilisés de maniére prévue et entretenus de maniére appropriée.

L'envifonnement doit étre pris en compte en utilisant la classification des influences exfernes
décrite¢s dans la série IEC 60721 et pour les essais, dans la série IEC 60068. L'attentipn est
particllierement attirée sur la température ambiante, les conditions climatiques; la présence
d'eau,|les contraintes mécaniques, la compétence des personnes et la surface de contalct des
persopnes ou des animaux d'élevage avec le potentiel de terre.

Les comités d'études doivent prendre en compte les exigences relatives a la coordinatjon de
I'isolement. Pour les installations, les systémes et les matériels a basse tension, ces
exigences sont définies dans la série IEC 60664 qui donné& jaussi des réegles pour le
dimengionnement des distances d’isolement (dans l'air) et des(lignes de fuite, ainsi qye des
lignes|directrices de dimensionnement de l'isolation solide. Pour les installations, systémes et
matériels a haute tension, les exigences sont données dans1'IEC 60071-1 et I''lEC 6007{-2.

5.2 [Mesures pour la protection principale
5.2.1 Généralités

La prqtection principale doit comprendre une ou plusieurs mesures qui, dans des conditions
normales, empéchent tout contact avec.les parties actives dangereuses.

NOTE |Les peintures, vernis, laques et produits analogues ne sont en général pas considérés comme corjstituant
une isofation suffisante pour la protection,contre les chocs électriques en utilisation normale.

Les Raragraphes 5.2.2 a 5(2;9 spécifient des mesures individuelles pour la profection
principale.

5.2.2 Isolation principale

5.2.2. Lorsgu‘une isolation principale solide est utilisée, elle doit empécher tout contact
avec des parties actives dangereuses.

En cap d’installations et de matériels a haute tension, une tension peut étre présente a la
surfacede’l'isolation solide et des précautions supplémentaires doivent étre considérées.

5.2.2.2 Lorsque l'isolation principale est assurée par l'air, 'accés aux parties actives
dangereuses ou a une zone dangereuse doit étre empéché par des obstacles, des barriéres
ou des enveloppes de protection comme spécifié en 5.2.3 et 5.2.4, ou par mise hors de
volume d'accessibilité au toucher comme spécifié en 5.2.5.

5.2.3 Barriéres ou enveloppes de protection

5.2.3.1 Les barriéres ou les enveloppes de protection doivent empécher:

— dans le cas des installations et matériels a basse tension, lI'accés aux parties actives
dangereuses en assurant un degré de protection contre les chocs électriques d'au moins
IPXXB ou IP2X de I''EC 60529 et, pour les surfaces supérieures horizontales facilement
accessibles des barrieres ou des enveloppes de protection, un degré de protection d'au
moins IPXXD ou IP4X
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— dans le cas des installations et matériels a haute tension, l'accés a une zone dangereuse
en assurant un degré de protection d'au moins IPXXB ou IP2X de I'lEC 60529, et il doit
étre considéré d'assurer un degré de protection d'au moins IPXXD ou IP4X pour les
surfaces supérieures horizontales facilement accessibles des barriéres ou des enveloppes
de protection.

NOTE Le code IP s'applique aux enveloppes du matériel électrique dont la tension assignée ne dépasse pas
72,5 kV.

5.2.3.2 Les barriéeres ou les enveloppes de protection doivent présenter une tenue
mécanique, une stabilité et une durabilité suffisantes pour maintenir le degré spécifié de

protection, en tenant compte de toutes les influences appropriées internes et externes a
I'enve oppe Elles doivent étre solidement fixées

5.2.3.3 Lorsque la conception ou la construction permet I'enléevement des barriefes de
protedtion, I'ouverture des enveloppes ou I'enlevement de parties des enveloppes;{'accés aux
partie$ actives dangereuses ou a une zone dangereuse ne doit étre possible‘que daps les
conditjons suivantes:

— usfpge d'une clé ou d'un outil, ou

— lorgque, aprés interruption de l'alimentation des parties actives, dangereuses et Igrsque
I'enveloppe n'assure plus la protection, le rétablissement de (Falimentation ne dojt étre
popsible qu'aprés la remise en place des barrieres de protection ou des partigs des
enpeloppes ou la fermeture de portes, ou

— lorpqu'une barriére intermédiaire maintient le degré de rotection exigé, elle ne pelit étre
enlevée qu'a l'aide d'une clé ou d'un outil.

NOTE |[Voir aussi 'Article 8.

5.2.4 Obstacles

5.2.4. Les obstacles sont destinés a protéger les personnes qualifiées ou averties|, mais
il n'est pas admis de les utiliser pour protéger les personnes ordinaires.

5.24.2 Lors du fonctionnement de I'installation, du systéme ou du matériel dans des
conditjons particuliéres de fonctionnement et d'entretien (voir Article 8), les obstacles doivent
empégher:

— daphs le cas d’installations_ét de matériels a basse tension, tout contact non intenfionnel
avec des parties actives dangereuses, ou

— daphs le cas d’installations et de matériels a haute tension, tout acces non intentionnel a
ung zone dangereuse.

5.24.3 Les ©Obstacles peuvent étre démontables sans l'aide d'une clé ou d'un outil; ils
doivent cependant étre fixés de maniere a empécher tout enlévement involontaire.

5.2.4.4 Lorsqu'un obstacle conducteur n'est séparé des parties actives dangereusgs que
par urenisolation principale, il est considéré comme une masse et des mesures de profection
en cas de défaut (voir Article 6) doivent également étre prises.

5.2.5 Mise hors de volume d'accessibilité au toucher

5.2.5.1 Lorsque les mesures spécifiées en 5.2.2, 5.2.3, 5.2.4, 5.2.6 et 5.2.7 s’avérent non
applicables, la mise hors du volume d'accessibilité au toucher peut étre appropriée pour
empécher

— dans le cas d’installations et de matériels a basse tension, un accés non intentionnel et
simultané a des parties conductrices entre lesquelles une tension dangereuse peut
apparaitre,

— dans le cas d’installations et de matériels a haute tension, tout accés non intentionnel a
une zone dangereuse.

Des indications doivent étre spécifiées par les comités d'études.
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