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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BASIC AND SAFETY PRINCIPLES FOR MAN-MACHINE
INTERFACE, MARKING AND IDENTIFICATION -
IDENTIFICATION OF EQUIPMENT TERMINALS,

CONDUCTOR TERMINATIONS AND CONDUCTORS

FORFWORD

1) The|International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all |national electrotechnical committees (IEC National Committees). The object of IEC {s~to promote
intefnational co-operation on all questions concerning standardization in the electrical and eléctronic fi¢lds. To
this|end and in addition to other activities, IEC publishes International Standards, Technical Specififations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter~referred to ds “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National{€ommittee inferested
in the subject dealt with may participate in this preparatory work. International,”.governmental and non-
governmental organizations liaising with the IEC also participate in this preparation."IEC collaborates|closely
withl the International Organization for Standardization (ISO) in accordance.Wwith conditions determ|ned by
agr¢ement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express,as-nearly as possible, an interpational
congensus of opinion on the relevant subjects since each technical eommittee has representation from all
intefested IEC National Committees.

3) IEC|Publications have the form of recommendations for internatienal use and are accepted by IEC National
Conpmittees in that sense. While all reasonable efforts are made ‘to ensure that the technical contenf of IEC
Publications is accurate, IEC cannot be held responsible <for “the way in which they are used or [for any
misinterpretation by any end user.

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

5) IEC]|itself does not provide any attestation ofdconformity. Independent certification bodies provide copformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible [for any
seryices carried out by independent certification bodies.

6) Al

7) No liability shall attach to IEC of its' directors, employees, servants or agents including individual expgrts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
othgr damage of any nature_whatsoever, whether direct or indirect, or for costs (including legal feg¢s) and
expgnses arising out of-the publication, use of, or reliance upon, this IEC Publication or any other IEC
Pubjications.

sers should ensure that they hayeithe latest edition of this publication.

8) Attegntion is drawn to the Normative references cited in this publication. Use of the referenced publicgtions is
indigpensable for.the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the supject of
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 chhnges

made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.


https://iecnorm.com/api/?name=6de8271fd95ad0fabbb83eb0cec063a2

IEC 60445:2017 RLV © IEC 2017 -5-

This document has been prepared by IEC technical committee 3: Information structures and
elements, identification and marking principles, documentation and graphical symbols.

It has the status of a basic safety publication in accordance with IEC Guide 104.
This sixth edition cancels and replaces the fifth edition of IEC 60445, published in 2010.

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

a) the text of the introduction has been moved into the scope in accordance with
I[EC Guide 104;

b) colour codes for the identification of line conductors of DC systems;

c) colour code for the identification of functional earthing conductor;

d) uppate of Table A.1 with colour codes for DC line conductors;

e) copversion of notes containing non-mandatory requirements to normative’text;
f) the terminology is aligned with IEC 60050-195.

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

FDIS Report on‘yoting
3/1313/FDIS 3/1326/RVD

Full information on the voting for the approval of this'International Standard can be folund in
the report on voting indicated in the above table.

This dlocument has been drafted in accordance with the ISO/IEC Directives, Part 2.

The re¢ader's attention is drawn to the\ fact that Annex B lists all of the “in-some-cquntry”
clausgs on differing practices of a'dess permanent nature relating to the subject ¢f this
standard.

The committee has decided-that the contents of this document will remain unchanged until the
stabilify date indicated on'the IEC website under "http://webstore.iec.ch" in the data relgted to
the splecific document.(At this date, the document will be
e re¢onfirmed,

° wilhdrawn,

laced by a revised edition, or

e e

e amended.

The contents of the corrigendum of November 2017 have been included in this copy.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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BASIC AND SAFETY PRINCIPLES FOR MAN-MACHINE
INTERFACE, MARKING AND IDENTIFICATION -
IDENTIFICATION OF EQUIPMENT TERMINALS,

CONDUCTOR TERMINATIONS AND CONDUCTORS

1 Scope

This

applic
identif
for the
avoidi

notatipns are intended to be applied in cables or cores, busbars, electrical equipme

install

This |
prepa
ISO/IE

Itis n
of a tq
the pr|
apply

htions.

asic safety publication is primarily intended for use by(technical committees
ation of standards in accordance with the principles ldid,down in IEC Guide 10
C Guide 51.

bt intended for use by manufacturers or certification bodies. One of the responsi
chnical committee is, wherever applicable, to make use of basic safety publicati
pparation of its publications. The requirements of this basic safety publication W
unless specifically referred to or included in‘the relevant publications.

The fq
conter
cited 4
any ar

IEC 6

brmative references

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

in the
4 and

Dilities
pNs in
ill not

f their

t constitutes requirements of this document. For dated references, only the ¢dition

pplies. For undated\references, the latest edition of the referenced document (ing
hendments) applies.

417, Graphical symbols for use on equipment

IEC 60617,.Graphical symbols for diagrams

IEC G

luding

ations

lide 104 _The ,nrn,n:arnfinn of. qunfy ,nllhlir‘nfinne and the use of basic Q:n‘pfy ’hllhlif"

and group safety publications

ISO/IEC Guide 51, Safety aspects — Guidelines for their inclusion in standards

3 Terms and definitions

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

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

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

e |SO Online browsing platform: available at http://www.iso.org/obp
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NOTE The terms are sorted in alphabetical order in the English language.

3.1

electrical equipment

item used for such purposes as generation, conversion, transmission, distribution or utilization
of electric energy, such as electrical machines, transformers, switchgear and controlgear,
measuring instruments, protective devices, wiring systems, current-using equipment,—ete-

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

3.2

functional bonding conductor
conduftor provided for functional-equipotential-bonding

[SOURCE: IEC 60050-195:1998, 195-02-16]

3.3
functional earthing

functional grounding (US)
earthing a point or points in a system or in an installation or in equipment, for purposeg other
than ellectrical safety

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

3.4
functional earthing conductor

functiEnaI grounding conductor, US

earthing conductor provided for functional earthing

[SOURCE: IEC 60050-195:1998, 195-02-15]
3.5

functional-equipotential-bonding
equipgtential bonding for operational reasons other than safety

[SOURCE: IEC 60050-195:1998, 195-01-16]

3.6

line cponductor

DEPRECATED:phase conductor (in AC systems)
DEPRECATED:/pole conductor (in DC systems)
conduftorcwhich is energized in normal operation and capable of contributing {o the
transmission or distribution of electric energy but which is not a neutral or mid-point condgluctor

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

3.7

mid-point conductor

conductor electrically connected to the mid-point and capable of contributing to the
distribution of electric energy

[SOURCE: IEC 60050-195:1998, 195-02-07]

3.8

neutral conductor

conductor electrically connected to the neutral point and capable of contributing to the
distribution of electric energy
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[SOURCE: IEC 60050-195:1998, 195-02-06]

3.9

PEL conductor

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

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

3.10

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

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

3.11
PEN donductor
conduptor combining the functions of both a protective earthing.Conductor and a neutral
condugtor

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

3.12
prote¢tive bonding conductor

DEPRECATED: equipotential bonding conductor

ive conductor provided for protective-equipotential-bonding

CE: IEC 60050-195:1998, 195-02-10]

tive bonding conductor earthed
ive bonding conductor witha conductive path to local earth

tive bonding conductor unearthed
ive bonding conductor without a conductive path to local earth

tive conductor

ification™*PE)

equipmentgrounding conductor, US

groundgling’electrode conductor, US

conductor provided for purposes of safety, for example protection against electric shock

Note 1 to entry: The terms equipment grounding conductor and grounding electrode conductor are used in the US
depending on their application.

[SOURCE: IEC 60050-195:1998, 195-02-09, modified — two synonyms and a note to entry
have been added.]

3.16

protective earthing

protective grounding, US

earthing a point or points in a system or in an installation or in equipment, for purposes of
electrical safety

[SOURCE: IEC 60050-195-Amendment1:2001, 195-01-11]
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3.17

protective earthing conductor
protective grounding conductor, US
protective conductor provided for protective earthing

[SOURCE: IEC 60050-195:1998, 195-02-11]

3.18

protective-equipotential-bonding
equipotential bonding for the purposes of safety

[SOURCE: [EC 60050-195:1998, 195-01-193]

3.19

earth,|verb

ground, verb,US

make |an electric connection between a given point in a system of in anVinstallation

equipment and a local earth

Note 1

[SOURCE: IEC 60050-195:1998, 195-01-08]

3.20

equipptential bonding

provisjon of electric connections betweef) conductive parts, intended to a
equipgtentiality

[SOURCE: IEC 60050-195:1998, 195-03~10]

3.21

equipptentiality

state when conductive parts, are at a substantially equal electric potential

[SOUF

4 Methods of“identification

Wherqg
condu

o entry: The connection to local earth may be
— intentional, or
— unintentional or accidental
and may be permanent or temporary.

RCE: IEC 60050-195:1998, 195-01-09]

thé identification of equipment terminals and of terminations of certain desig

or in

Chieve

nated
of the

ctofs is considered necessary, it shall be effected by the use of one or more

follow

g methrods:

— the physical or relative location of the equipment terminals or of terminations of certain
designated conductors;

— a colour code for equipment terminals and terminations of certain designated conductors
in accordance with Clause 6;

— graphical symbols in accordance with IEC 60417. If additional symbols are required, these
shall be consistent with IEC 60617;

— an

alphanumeric notation in accordance with the system laid down in Clause 7.

To keep consistency with the documentation, conductor and equipment terminal designation,
the alphanumeric notation is recommended.
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Identification of conductors by colours shall be in accordance with the requirements provided
in Clause 6. Identification of conductors by alphanumeric notation shall be in accordance with
the requirements provided in Clause 7.

NOTE
are use

It is recognised that for complex systems and installations additional marking and labelling-may-be-needed

d for reasons other than safety, see for example IEC 62491.

5 Application of identification means

The identifying colour, graphical symbol or alphanumeric notation shall be located on, or
adjacent to, the corresponding terminal.

When
betwe

When

en the methods shall be clarified in the associated documentation.

no confusion is possible, the juxtaposition of numerical and alphanumeric notatio

be applied.

Termi
into th

- If

nals and conductors used for earthing are divided concerning(their purpose of e3
e two basic concepts of protective earthing and functional earthing.

a terminal or conductor fulfils the requirements for\both protective earthin

functional earthing, it shall be designated as a protective earthing terminal or pro

ea

thing conductor, respectively.

— If the requirements for protective earthing are not met by a functional earthing term
funpctional earthing conductor, it shall not be marked with an identification of a prof

ea

rthing terminal or protective earthing conductor, respectively.

— The requirements for functional earthingcare to be defined by the manufacturer

rel
€q

NOTE

evant product committee and should “be specified within the documentation
Lipment.

For example, requirements for handling EMC issues.

6 Identification by colours

6.1

For id

NOTE

General
bntification of conductors, the following colours are permitted:

BLACK, BROWN, RED, ORANGE, YELLOW, GREEN, BLUE, VIOLET, GREY, W
PINK, TURQUOISE.

This\list of colours is derived from IEC 60757.

more than one identification method is used and confusion is possible, the corrllation

n may

rthing

j and
ective

nal or
ective

pr the
bf the

HITE,

The i

N b 1 Il L 1L (] e - o (] £ Jorl ) Il dl
CImuncdauurT Dy COTOUUT STiall U UstU dU ICTITHTTAUUTTS daltu Preferauty timouygriout ure

ength

of the conductor either by the colour of the insulation or by colour markers, except for bare

condu

ctors where the colour identification shall be at termination and connection points.

Identification by colour or marking is not required for

— CO

ncentric conductors of cables,

— metal sheath or armour of cables when used as a protective conductor,

— ba

re conductors where permanent identification is not practicable,

— extraneous-conductive-parts used as a protective conductor,

— eX

posed-conductive-parts used as a protective conductor.

Additional markings, for example alphanumerical, are allowed, provided that the
identification remains unambiguous.

colour
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6.2 Use of single colours
6.2.1 Permitted colours

The single colours GREEN and YELLOW are only permitted where confusion with the
colouring of the conductors in accordance with 6.3.2 to0 6.3.6 is not likely to occur.

6.2.2 Neutral or mid-point conductor

Where a circuit includes a neutral or mid-point conductor identified by colour, the colour used
for this purpose shall be BLUE. In order to avoid confusion with other colours it is
recommended to use an unsaturated colour BLUE, often called "light blue". BLUE shall not be
used for identifying any other conductor where confusion is possible.

In the [absence of a neutral or mid-point conductor within the whole wiring system, a conductor
identiffed by BLUE may be used for any other purposes, except as a protective.conductqr.

If identification by colour is used, bare conductors used as neutral or tnrid-point conductors
shall ie either coloured by a BLUE stripe, 15 mm to 100 mm wide in.each unit or enclosure
and each accessible position, or coloured BLUE throughout their lengtty.

NOTE |In IEC 60079-11-prescribes-blue-when—a-, the colour BLUE is used for'the marking by colour of tefminals,
termina] boxes, plugs and sockets of intrinsically-safe circuits.

6.2.3 Line conductor in AC system

For line conductors in AC systems the preferred colours are BLACK, BROWN and GREY.

NOTE |The sequence of colour codes in 6.2.3 is alphabetical, and does not—recommend indicate any pfeferred
phasing or direction of rotation.

6.2.4 Line conductor in DC system
For line conductors in DC systems the, preferred colours are:

— RHD for the positive line conguctor,

— WHITE for the negative lihg)¢onductor.
6.2.5 Functional earthihg conductor

For cdlour marking,of.a@ functional earthing conductor the preferred colour is PINK. The [colour
need ¢nly be applied at the terminations and at points of connection.

6.3 Use of-bi-colour combinations

6.3.1 Permitted colours

Combinations of any two of the colours listed in 6.1 are permitted provided there is no risk of
confusion.

To avoid such confusion, the colour GREEN and the colour YELLOW shall not be used in
colour combinations other than the combination GREEN-AND-YELLOW.

Fheuse—of The colour combination-efthecolours GREEN-AND-YELLOW is restricted to the
purposes of 6.3.2 to 6.3.6.

6.3.2 Protective conductor

The protective conductor shall be identified by the bi-colour combination GREEN-AND-
YELLOW.
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GREEN-AND-YELLOW is the only colour combination recognized for identifying the protective
conductor.

For a PEN, PEM, and PEL conductor, additional requirements are given in 6.3.3 to 6.3.5

The colour combination GREEN-AND-YELLOW shall be such that, on any 15 mm length of the
conductor where colour coding is applied, one of these colours covers at least 30 % and not

more Fﬂmmmmmwﬂmwder of
that sdirface.

If barg¢ conductors, used as protective conductors, are provided with colouring\they shall be
coloured GREEN-AND-YELLOW, either throughout the whole length of each 'conductof or in
each ¢ompartment or unit or at each accessible position. If adhesive tapg‘is used, oply bi-
coloured GREEN-AND-YELLOW tape shall be applied.

NOoTE-3 Where the protective conductor can be easily identified byts shape, construcfion or
positign, for example a concentric conductor, colour coding throughout its length [is not
necespary but the ends or accessible positions should be clgarly identified by the grgphical

symbqgl IEC 60417-5019 (2006-08) "Protective earth; protective ground", , or the bi-colour
combipation GREEN-AND-YELLOW or the alphanumericinotation PE.

NoTE4 If extraneous conductive parts are used asha. PE conductor identification by colgurs is
not nelcessary.

6.3.3 PEN conductor
A PEN conductor, when insulated, shall\be marked by one of the following methods:

— GREEN-AND-YELLOW throughout its length with, in addition, BLUE markings pt the
teqminations and points of cofimection; or

— BUUE throughout its length with, in addition, GREEN-AND-YELLOW markings pt the
teqminations and point$.of connection.

NOTE4 The-choice—af method—er—methods to be applied within a country should betmade
decidqd by the-relewant National Committee and not on an individual basis.

NoTE4 The additional BLUE markings at the termination and points of connection may be
omitteld once.either of the following two-irdents conditions is met:

— in lelectric equipment, if relevant requirements are included in specific product standards
or within a country;

— in case of wiring systems, for example those used in industry, if decided by the relevant
committee.

6.3.4 PEL conductor

A PEL conductor, when insulated, shall be marked GREEN-AND-YELLOW throughout its
length with, in addition, BLUE markings at its terminations and points of connection of the
PEL conductor.

NoTE The additional BLUE markings at the termination and points of connection may be
omitted once either of the following two-indents conditions is met:

— in electric equipment, if relevant requirements are included in specific product standards
or within a country;
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— in case of wiring systems, for example those used in industry, if decided by the relevant
committee.

If confusion with a PEN or PEM conductor is likely, the alphanumeric designation as given in
7.3.5 shall be indicated at their terminations and points of connection.

6.3.5 PEM conductor

A PEM conductor, when insulated, shall be marked GREEN-AND-YELLOW throughout its
length with, in addition, BLUE markings at its terminations and points of connection of the
PEM conductor.

NOTE [The additional BLUE markings at the termination and points of connection_mfay be
omitte[d once either of the following two-irdents conditions is met:

— in [electric equipment, if relevant requirements are included in specific preduct standards
or within a country;

— in [case of wiring systems, for example those used in industry, if de¢ided by the rglevant
committee.

If confusion with a PEN or PEL conductor is likely, the alphanumeric designation as given in
7.3.6 shall be indicated at their terminations.

6.3.6 Protective bonding conductor

A profective bonding conductor shall be identified by the bi-colour combination GREEN{AND-
YELLQW as specified in 6.3.1.

7 Identification by alphanumeric notation

71 General

If letters and/or numerals are used for identification, letters shall be upper case| Latin
charagters only and numerals shall’be Arabic numerals.

NOTE |t is recommended that the reference letters for DC elements be chosen from tHe first
part and reference letterS:for AC elements from the second part of the alphabet.

Letters “I” and “O”‘shall not be used for identification to prevent confusion with the numerals
“1” anfl “0”; the @lphanumeric signs “+” and “-* may be used.

In order toravoid confusion, unattached numerals 6 and 9 shall be underlined.

) . ey 1 1l : + 4 ] 1 il : Lo
A” al MarturinreTric TToldatults STidalil DT T SUUTTY LU dS U tU T COTOUT UT T TTTSUlativult.

The alphanumeric identification shall be clearly legible and durable.

NOTE For evaluation of the durability, see IEC 60227-2.

The alphanumeric system applies to identification of conductors and of conductors in a group
of conductors. Conductors with GREEN-AND-YELLOW coloured insulation shall only be
identified as a certain designated conductor in accordance with 7.3.3 to 7.3.9.

The alphanumeric identifications specified in 7.3 shall not be used for any other purpose than
that specified.

Where no confusion is possible, parts of the complete alphanumeric notation laid down in the
following marking principles may be omitted.
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7.2 Equipment terminal identification — Marking principles

7.21 Marking of equipment terminals is (or should be) based on the principles provided in
7.2.2t07.2.5:

7.2.2 The two end points of an element are distinguished by consecutive reference
numbers, the odd number being lower than the even number, for example 1 and 2
(see Figure 1).

r - T/

e,
li]
I

l a

— —_ -4
IEC

Figure 1 — Single element with two terminals

7.2.3 The intermediate points of a single element are distinguished by reference numbers,
preferpbly in a numerical order, for example 3, 4, 5, ete: The reference numbers chosen for
intermediate points shall be higher than those chosern’ for the end points; their numpering
commences at the point which lies closest to the end point with the lower reference nymber.
Thus, [for example, the intermediate points, of anielement with the end points 1 and 2 Will be
denoted by the reference numbers 3 and 4 (seecFigure 2).

Figure 2 — Single element with four terminals: Two endpoints
and two intermediate points

7.2.4 If several similar elements are combined in a group of elements, then one of the
following methods for marking the elements shall be used:

— the two end points and intermediate points, if any, are distinguished by letters preceding
the reference numbers referred to in 7.2.2 and 7.2.3, for example U, V, W corresponding
to the phases of a three-phase AC system (see Figure 3);
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— th¢ two end points and intermediate points, if any, are distinguished by numbers pre
the reference numbers referred to in 7.2.2 and 7.2.3 where a phase identification

ne

stgp. For example the end points of one element may be marked \1*.1 and 1.2, th

an

NOTE

— in

Furthgr detailed requirements on terminal markings and identification may be giv

releva

7.2.5

Figure 3 — Three-phase equipment with six terminals

Cessary or possible. To avoid confusion these numbers shall berseparated by

bther element 2.1 and 2.2 (see Figure 4);

I |
| |
I |
| |
| 1.3 273 33 |
| 1.4 2.4 3.4 1
. !
| |
I |
| |
| I

Figure 4= Three-element equipment with twelve terminals:
Six endpoints and six intermediate points

case of terminal blocks, numerical identification in numerical order.

Int product committees.

eding
is not
a full
pse of

For examples of an unambiguous terminal designation with respect to/the object to which the ferminal
belongyq, see IEC 61666:2010, Annex A.

en by

numerical prefix to the reference letters (see Figure 5a and Figure 5b)).

Q. H| £ 1 " I H o £ Lokt N H
OITIAar YroOups UT TITIITITIS TiavilrTy i osdllic TTITITIILE 1TLITTS dit Ulbllllyuléllcd by a
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' [ [ | | ~ 1~ !
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1 1 | |
| | | i
1 d 1 ] s od £
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e |- o ________ | N S J
IEC IEC
a) Three-phase equipment b) Two-phase equipment/with two groups|of
with two groups of elements elements with four terminals each not intendpd to

be connected to certain“designated conducfors

Figure 5 — Equipment with groups of elements

Figurg 6 illustrates the interconnection of equipment terminals and certain designated
condugtors, marked in accordance with the alphanumerie/notation.

L1
L2
L3
N

PE

IEC
Figure 6 — Interconnection of equipment terminals and certain designated condugtors

7.3 |ldentification of certain designated conductors

7.3.1 General

Equipment terminals which are intended to be connected directly or indirectly to certain
designated conductors, and terminations of certain designated conductors shall be marked
with reference letters or graphical symbols or both reference letters and graphical symbols
according to Table A.1.

7.3.2 Neutral conductor

The alphanumeric identification of a neutral conductor shall be ‘N’.

7.3.3 Protective conductor

The alphanumeric identification of a protective conductor shall be ‘PE’. This identification also
applies for a protective earthing conductor.
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7.3.4 PEN conductor

The alphanumeric identification of a PEN conductor shall be ‘PEN’.

7.3.5 PEL conductor

The alphanumeric identification of a PEL conductor shall be ‘PEL’.

7.3.6 PEM conductor

The alphanumeric identification of a PEM conductor shall be ‘PEM’.

7.3.7 Protective bonding conductor

The alphanumeric identification of a protective bonding conductor shall be ‘PB’.

7.3.8 Protective bonding conductor earthed

If it i$ necessary to distinguish between a protective bonding condtictor earthed pnd a
protegtive bonding conductor unearthed, the alphanumeric identification of a profective
bonding conductor earthed shall be ‘PBE’.

7.3.9 Protective bonding conductor unearthed

If it i$ necessary to distinguish between a protective{bonding conductor earthed pnd a
protegtive bonding conductor unearthed, the alphanumeric identification of a profective
bonding conductor unearthed shall be ‘PBU’.

7.3.100 Functional earthing conductor

The alphanumeric identification of a functienal earthing conductor shall be ‘FE’.

7.3.11 Functional bonding conductor

The alphanumeric identification.0f’a functional bonding conductor shall be ‘FB’.

7.3.12 Mid-point conductor

The alphanumeric identification of a mid-point conductor shall be ‘M’.

7.3.13 Line conductor

The alphapumeric identification of a line conductor shall start with the letter “L” suffixed py:

— forqanvAC circuit, a sequential number of line conductors, starting with the digit one “[I”;

— for a DC circuit, with the sign “+” for the positive line conductor and with the sign “-“ for the
negative line conductor.

If no more than one line conductor is used, the suffix may be omitted.
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Annex A
(informative)

Colours, alphanumeric notations and graphical symbols
used for identification of conductors and terminals

Table A.1 — Colours, alphanumeric notations and graphical symbols used
for identification of conductors and terminals

Identification of conductors / terminals by
Designated conductors/terminals | Alphanumeric notations Graphidal
Colours b
Conductors | Terminals symbols
AC cgnductors AC AC -
Line 1 L1 U ‘ BK 9 or
N
Line 2 L2°¢ v . BN Y or
Line 3 L3¢ w GY(®
Mid-point conductor M M . No
BU © .
Neutral conductor N N recommendation
DC cgnductors DC DC - -
Positive L+ & . RD —f—
Negative L- - WH —
Mid-point conductor M M No
‘ BU ¢ recommendation
Neutral conductor N N
Proteg¢tive conductor PE PE GNYE @
PEN conductor PEN PEN No
GNYE f recommendation
PEL conductor PEL PEL
f
bEM conductor PEM PEM . BU
Proteg¢tive bonding.conductor 9 PB PB ‘(&
GNYE
- earthed PBE PBE No
recommendation
- unearthed PBU PBU
Functional earthing conductor " FE FE O PK FI—A
Functional bonding conductor FB FB No I_J_,
recommendation
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@ See Clause 7.

b The graphics shown correspond to the following symbol No in IEC 60417.

~_  IEC 60417-5032 (2002-10) D IEC 60417-5019 (2006-08)
= |EC 60417-5031 (2002-10) A IEC 60417-5018 (2006-10)
-+ IEC 60417-5005 (2002-10) A1 IEC 60417-5020 (2002-10)
— IEC 60417-5006 (2002-10) ‘é’ IEC 60417-5021 (2002-10)

¢ Only necessary in systems with more than one phase.

4 This sequence of colour codes is alphabetical. It does not represent recommended phasing or a direction of

r i.di.iull.
e  Ske6.2.2.
f  Spke 6.3.31t06.3.5.

9 A |protective bonding conductor will in most cases be a protective bonding conductor 'earthed. It
necessary to designate it with PBE. In those cases where a distinction between @‘\protective b
copductor earthed and a protective bonding conductor unearthed is used, a clear distinction betweer
shpll be made (for example, within electro-medical installations) and the designatiens’PBE and PBU
belapplied.

b Ndither the designation FE nor the graphical symbol 5018 of IEC 60417 shalibe applied for conduct
teqminals having a protective function. Bi-colour insulation GREEN-AND-YELLOW cannot be us
copductors that do not have a protective function (i.e. for conductors gther than PE, PEN, PEL, PEN

PH

E, PBU). See Clause 5.

is not
nding
them
hould

ors or
bd for
1, PB,
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BASIC AND SAFETY PRINCIPLES FOR MAN-MACHINE
INTERFACE, MARKING AND IDENTIFICATION -
IDENTIFICATION OF EQUIPMENT TERMINALS,

CONDUCTOR TERMINATIONS AND CONDUCTORS
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International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
hational electrotechnical committees (IEC National Committees). The object of IEC {s~to
national co-operation on all questions concerning standardization in the electrical and eléctronic fig
end and in addition to other activities, IEC publishes International Standards, Technical Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter~referred to
ication(s)”). Their preparation is entrusted to technical committees; any IEC National (€ommittee int
he subject dealt with may participate in this preparatory work. International,¥governmental ar
ernmental organizations liaising with the IEC also participate in this preparation."IEC collaborates
the International Organization for Standardization (ISO) in accordance_With conditions determ
ement between the two organizations.

d

formal decisions or agreements of IEC on technical matters express, as-nearly as possible, an inter
Eensus of opinion on the relevant subjects since each technical eommittee has representation
ested IEC National Committees.

mittees in that sense. While all reasonable efforts are made ‘to ensure that the technical contenf
ications is accurate, IEC cannot be held responsible <aor *the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publ

een any IEC Publication and the corresponding‘national or regional publication shall be clearly indi
atter.

itself does not provide any attestation ofdconformity. 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 haye the latest edition of this publication.

iability shall attach to IEC orits*directors, employees, servants or agents including individual expe
hbers of its technical committees and IEC National Committees for any personal injury, property da
r damage of any nature_whatsoever, whether direct or indirect, or for costs (including legal fe
bnses arising out of-the publication, use of, or reliance upon, this IEC Publication or any ot}
ications.

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

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

3: Information structurg

<
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aranhical cvmhale
SHapcat—SyHBoS:

It has the status of a basic safety publication in accordance with IEC Guide 104.

This sixth edition cancels and replaces the fifth edition of IEC 60445, published in 2010.

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

edition:

a) the text of the introduction has been moved into the scope in accordance with
IEC Guide 104;

b) colour codes for the identification of line conductors of DC systems;

c) colour code for the identification of functional earthing conductor;

d)

update of Table A.1 with colour codes for DC line conductors;
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e) conversion of notes containing non-mandatory requirements to normative text;
f) the terminology is aligned with IEC 60050-195.

The te

xt of this International Standard is based on the following documents:
FDIS Report on voting
3/1313/FDIS 3/1326/RVD

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

This d

The r
clause
standg

ocument has been drafted in accordance with the ISO/IEC Directives, Part 2.

pader's attention is drawn to the fact that Annex B lists all of the “in{some-cd

rd.

untry”

s on differing practices of a less permanent nature relating to the\ subject ¢f this

The committee has decided that the contents of this document will remain unchanged until the

stabili

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

e re¢onfirmed,

e withdrawn,

e replaced by a revised edition, or

e anjended.

The copntents of the corrigendum of Novembgr~2017 have been included in this copy.

y date indicated on the IEC website under "http://webstore.iecych" in the data rels

ted to

IMPO
that

RTANT — The 'colour inside’' logo on the cover page of this publication indi
t contains colours which are considered to be useful for the ca

cates
rrect

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

colou

I printer.
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BASIC AND SAFETY PRINCIPLES FOR MAN-MACHINE
INTERFACE, MARKING AND IDENTIFICATION -
IDENTIFICATION OF EQUIPMENT TERMINALS,

CONDUCTOR TERMINATIONS AND CONDUCTORS

1 Scope

This

applic
identif
for the
avoidi

notatipns are intended to be applied in cables or cores, busbars, electrical equipme

install

This |
prepa
ISO/IE

Itis n
of a tq
the pr|
apply

2 N

The fq
conter
cited 4
any af

IEC 6
IEC 6

IEC G
and g

htions.

asic safety publication is primarily intended for use by(technical committees
ation of standards in accordance with the principles ldid,down in I[EC Guide 10
C Guide 51.

bt intended for use by manufacturers or certification bodies. One of the responsi
chnical committee is, wherever applicable, to make use of basic safety publicati
pparation of its publications. The requirements of this basic safety publication W
unless specifically referred to or included in‘the relevant publications.

brmative references

llowing documents are referred to in the text in such a way that some or all 9

pplies. For undated referéences, the latest edition of the referenced document (inc
hendments) applies.

417, Graphical $ymbols for use on equipment
617, Graphical symbols for diagrams

uide 104, The preparation of safety publications and the use of basic safety public
oup‘safety publications

in the
4 and

Dilities
ons in
ill not

f their

t constitutes requirementsyef this document. For dated references, only the ¢dition

luding

ations

ISO/IEC Guide 51, Safety aspects — Guidelines for their inclusion in standards

3 Terms and definitions

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

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

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

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

NOTE

The terms are sorted in alphabetical order in the English language.
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3.1

electric equipment

item used for such purposes as generation, conversion, transmission, distribution or utilization
of electric energy, such as electric machines, transformers, switchgear and controlgear,
measuring instruments, protective devices, wiring systems, current-using equipment

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

3.2
functional bonding conductor
conductor provided for functional-equipotential-bonding

[SOURCE: IEC 60050-195:1998, 195-02-16]

3.3
functional earthing

functiEnaI grounding (US)
earthing a point or points in a system or in an installation or in equipment; for purposeg other
than ellectrical safety

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

3.4
functional earthing conductor

functiFnal grounding conductor, US

earthing conductor provided for functional earthing

[SOURCE: IEC 60050-195:1998, 195-02-15]

3.5
functional-equipotential-bonding
equipgtential bonding for operational‘reasons other than safety

[SOURCE: IEC 60050-195:19985"195-01-16]

3.6

line conductor

DEPRECATED: phase’conductor (in AC systems)
DEPRECATED: pole conductor (in DC systems)
condugtor which. is energized in normal operation and capable of contributing fo the
transnpission-ar-distribution of electric energy but which is not a neutral or mid-point congluctor

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

3.7

mid-point conductor

conductor electrically connected to the mid-point and capable of contributing to the
distribution of electric energy

[SOURCE: IEC 60050-195:1998, 195-02-07]

3.8

neutral conductor

conductor electrically connected to the neutral point and capable of contributing to the
distribution of electric energy

[SOURCE: IEC 60050-195:1998, 195-02-06]
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3.9
PEL conductor

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

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

3.10
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]

3.1
PEN gonductor
condugtor combining the functions of both a protective earthing conductor and a 1
condugtor

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

3.12
prote¢tive bonding conductor

DEPRECATED: equipotential bonding conductor

protegtive conductor provided for protective-equipotential-bonding

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

3.13

prote¢tive bonding conductor earthed

protegtive bonding conductor with a conductive path to local earth
3.14

prote¢tive bonding conductor.unearthed

protegtive bonding conductor without a conductive path to local earth

3.15
prote¢tive conductor

(identification: PE)

equipment grounding conductor, US

groundling electrode conductor, US

conduptor(provided for purposes of safety, for example protection against electric shock

Note 1 to entry: The terms equipment grounding conductor and grounding electrode conductor are used in
depending on their application.

[SOURCE: IEC 60050-195:1998, 195-02-09, modified — two synonyms and a note to
have been added.]

3.16
protective earthing
protective grounding, US

eutral

the US

entry

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

electrical safety

[SOURCE: IEC 60050-195:2001, 195-01-11]
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3.17

protective earthing conductor
protective grounding conductor, US
protective conductor provided for protective earthing

[SOURCE: IEC 60050-195:1998, 195-02-11]

3.18

protective-equipotential-bonding
equipotential bonding for the purposes of safety

[SOURCE: TEC 60050-195:1998, 195-01-15]

3.19

earth,|verb

groun(d, verb,US

make [an electric connection between a given point in a system of in anVinstallation

equipment and a local earth

Note 1

[SOURCE: IEC 60050-195:1998, 195-01-08]

3.20

equipptential bonding

provis
equipd

[SOURCE: IEC 60050-195:1998, 195-04-10]

3.21

equip
state

[SOUR

4 Methods of“identification

Wherqg
condu

o entry: The connection to local earth may be
— intentional, or
— unintentional or accidental
and may be permanent or temporary.

on of electric connections between” conductive parts, intended to a
tentiality

ptentiality
vhen conductive parts. are at a substantially equal electric potential

RCE: IEC 60050-195:1998, 195-01-09]

thé identification of equipment terminals and of terminations of certain desig

or in

Chieve

nated
of the

ctofs is considered necessary, it shall be effected by the use of one or more

follow

g methrods:

— the physical or relative location of the equipment terminals or of terminations of certain
designated conductors;

— a colour code for equipment terminals and terminations of certain designated conductors
in accordance with Clause 6;

— graphical symbols in accordance with IEC 60417. If additional symbols are required, these
shall be consistent with IEC 60617;

— an

alphanumeric notation in accordance with the system laid down in Clause 7.

To keep consistency with the documentation, conductor and equipment terminal designation,
the alphanumeric notation is recommended.
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Identification of conductors by colours shall be in accordance with the requirements provided
in Clause 6. Identification of conductors by alphanumeric notation shall be in accordance with
the requirements provided in Clause 7.

NOTE

It is recognised that for complex systems and installations additional marking and labelling are used for
reasons other than safety, see for example IEC 62491.

5 Application of identification means

The identifying colour, graphical symbol or alphanumeric notation shall be located on, or
adjacent to, the corresponding terminal.

When
betwe

When
be applied.

Termi
into th

NOTE

6

6.1

For id

NOTE

The i

If
fun
ea

If fhe requirements for protective earthing are not_mét by a functional earthing term

fun
ea

Th
rel
€q

Identification by colours

en the methods shall be clarified in the associated documentation.

no confusion is possible, the juxtaposition of numerical and alphanumenic notatio

nals and conductors used for earthing are divided concerning(their purpose of e3
e two basic concepts of protective earthing and functional earthing.

a terminal or conductor fulfils the requirements fof\both protective earthin
ctional earthing, it shall be designated as a protective earthing terminal or pro
rthing conductor, respectively.

ctional earthing conductor, it shall not be marked with an identification of a prof
rthing terminal or protective earthing conductor, respectively.

e requirements for functional earthingcare to be defined by the manufacturer
evant product committee and should “be specified within the documentation
Lipment.

For example, requirements for handling EMC issues.

General
bntification of conductors, the following colours are permitted:

BLACK, BROWN, RED, ORANGE, YELLOW, GREEN, BLUE, VIOLET, GREY, W
PINK, TURQUOISE.

This\list of colours is derived from IEC 60757.

more than one identification method is used and confusion is possible, the corrllation

n may

rthing

j and
ective

nal or
ective

pr the
bf the

HITE,

N b Il Il L 1L (] o - o (] £ Jorl ) 1 )
CImuncauurT Dy COTOUT STiall U UstU dU ICTITHTTAUUTTS dalfu Preferauty timouyriout uie

ength

of the conductor either by the colour of the insulation or by colour markers, except for bare
conductors where the colour identification shall be at termination and connection points.

Identification by colour or marking is not required for

concentric conductors of cables,

metal sheath or armour of cables when used as a protective conductor,

ba

re conductors where permanent identification is not practicable,

extraneous-conductive-parts used as a protective conductor,

exposed-conductive-parts used as a protective conductor.

Additional markings, for example alphanumerical, are allowed, provided that the
identification remains unambiguous.

colour
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6.2 Use of single colours
6.2.1 Permitted colours

The single colours GREEN and YELLOW are only permitted where confusion with the
colouring of the conductors in accordance with 6.3.2 to 6.3.6 is not likely to occur.

6.2.2 Neutral or mid-point conductor

Where a circuit includes a neutral or mid-point conductor identified by colour, the colour used
for this purpose shall be BLUE. In order to avoid confusion with other colours it is
recommended to use an unsaturated colour BLUE, often called "light blue". BLUE shall not be
used for identifying any other conductor where confusion is possible.

In the [absence of a neutral or mid-point conductor within the whole wiring system,*a conductor
identiffed by BLUE may be used for any other purposes, except as a protective.conductqr.

If identification by colour is used, bare conductors used as neutral or tnid-point conductors
shall ie either coloured by a BLUE stripe, 15 mm to 100 mm wide in.each unit or encjosure
and each accessible position, or coloured BLUE throughout their length.

NOTE |[In IEC 60079-11, the colour BLUE is used for the marking by colour gf,terminals, terminal boxes, plyigs and
socketg of intrinsically-safe circuits.

6.2.3 Line conductor in AC system

For line conductors in AC systems the preferred colours are BLACK, BROWN and GREY.

NOTE |The sequence of colour codes in 6.2.3 is alphabetical, and does not indicate any preferred phgsing or
directiop of rotation.

6.2.4 Line conductor in DC system
For line conductors in DC systems the, preferred colours are:

— RHD for the positive line conductor,
— WHITE for the negative line)conductor.

6.2.5 Functional earthing conductor

For cqlour marking,of-a functional earthing conductor the preferred colour is PINK. The colour
need only be applied at the terminations and at points of connection.

6.3 Use of-bi-colour combinations

6.3.1 Permitted colours

Combinations of any two of the colours listed in 6.1 are permitted provided there is no risk of
confusion.

To avoid such confusion, the colour GREEN and the colour YELLOW shall not be used in
colour combinations other than the combination GREEN-AND-YELLOW.

The colour combination GREEN-AND-YELLOW is restricted to the purposes of 6.3.2 to 6.3.6.

6.3.2 Protective conductor

The protective conductor shall be identified by the bi-colour combination GREEN-AND-
YELLOW.
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GREEN-AND-YELLOW is the only colour combination recognized for identifying the protective
conductor.

For a PEN, PEM, and PEL conductor, additional requirements are given in 6.3.3 to 6.3.5

The colour combination GREEN-AND-YELLOW shall be such that, on any 15 mm length of the
conductor where colour coding is applied, one of these colours covers at least 30 % and not
more than 70 % of the surface of the conductor, the other colour covering the remainder of
that surface.

If bare conductors, used as protective conductors, are provided with colouring they shall be
coloured GREEN-AND-YELLOW, either throughout the whole length of each conductof or in
each gompartment or unit or at each accessible position. If adhesive tape is used, only bi-
coloured GREEN-AND-YELLOW tape shall be applied.

Wherg the protective conductor can be easily identified by its shape, constriiction or pgsition,
for example a concentric conductor, colour coding throughout its length s not necessqgry but
the epds or accessible positions should be clearly identified by the graphical gymbol

IEC 60417-5019 (2006-08) "Protective earth; protective ground*; @ or the bi-colour
combipation GREEN-AND-YELLOW or the alphanumeric notation"RE.

If extfaneous conductive parts are used as a PE conductor identification by colours |is not
necesgary.

6.3.3 PEN conductor

A PEN conductor, when insulated, shall be marked by one of the following methods:

— GREEN-AND-YELLOW throughout its_length with, in addition, BLUE markings pt the
terqminations and points of connection;or

— BUUE throughout its length with, “in addition, GREEN-AND-YELLOW markings gt the

teqminations and points of connection.

The nlethod to be applied withinva country should be decided by the National Committge and
not on an individual basis.

The afditional BLUE-markings at the termination and points of connection may be omitted
once ¢ither of the follewing two conditions is met:

— in [electric gguipment, if relevant requirements are included in specific product stapdards
or within a’country;

— in [case_of wiring systems, for example those used in industry, if decided by the relevant
committee.

6.3.4 PEL conductor

A PEL conductor, when insulated, shall be marked GREEN-AND-YELLOW throughout its
length with, in addition, BLUE markings at its terminations and points of connection of the
PEL conductor.

The additional BLUE markings at the termination and points of connection may be omitted
once either of the following two conditions is met:

— in electric equipment, if relevant requirements are included in specific product standards
or within a country;

— in case of wiring systems, for example those used in industry, if decided by the relevant
committee.
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If confusion with a PEN or PEM conductor is likely, the alphanumeric designation as given in
7.3.5 shall be indicated at their terminations and points of connection.

6.3.5 PEM conductor

A PEM conductor, when insulated, shall be marked GREEN-AND-YELLOW throughout its
length with, in addition, BLUE markings at its terminations and points of connection of the
PEM conductor.

The additional BLUE markings at the termination and points of connection may be omitted
once either of the following two conditions is met:

— in [electric equipment, if relevant requirements are included in specific product standards
or within a country;

— in [case of wiring systems, for example those used in industry, if decided by the reglevant
committee.

If confusion with a PEN or PEL conductor is likely, the alphanumeric designation as given in
7.3.6 $hall be indicated at their terminations.

6.3.6 Protective bonding conductor

A profective bonding conductor shall be identified by the bi-colour combination GREENFAND-
YELLQW as specified in 6.3.1.

7 ldentification by alphanumeric notation

7.1 General

If letters and/or numerals are used forlidentification, letters shall be upper case| Latin
charagters only and numerals shall be Arabic numerals.

It is rqcommended that the reference’letters for DC elements be chosen from the first pgrt and
reference letters for AC elements-from the second part of the alphabet.

Letters “I” and “O” shall not be used for identification to prevent confusion with the numerals
“1” anfl “0”; the alphanumeric signs “+” and “—* may be used.

In order to avoid _eenfusion, unattached numerals 6 and 9 shall be underlined.

All alphanumeric notations shall be in strong contrast to the colour of the insulation.

The alphahumeric identification shall be clearly legible and durable.

NOTE For evaluation of the durability, see IEC 60227-2.

The alphanumeric system applies to identification of conductors and of conductors in a group
of conductors. Conductors with GREEN-AND-YELLOW coloured insulation shall only be
identified as a certain designated conductor in accordance with 7.3.3 to 7.3.9.

The alphanumeric identifications specified in 7.3 shall not be used for any other purpose than
that specified.

Where no confusion is possible, parts of the complete alphanumeric notation laid down in the
following marking principles may be omitted.
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7.2 Equipment terminal identification — Marking principles

7.21 Marking of equipment terminals is (or should be) based on the principles provided in
7.2.2t07.2.5:

7.2.2 The two end points of an element are distinguished by consecutive reference
numbers, the odd number being lower than the even number, for example 1 and 2
(see Figure 1).

r - T/

e,
li]
I

l a

— —_ -4
IEC

Figure 1 — Single element with two terminals

7.2.3 The intermediate points of a single element are distinguished by reference numbers,
preferpbly in a numerical order, for example 3, 4, 5, ete: The reference numbers choslen for
intermediate points shall be higher than those chosern’ for the end points; their numpering
commences at the point which lies closest to the end point with the lower reference nymber.
Thus, [for example, the intermediate points, of anielement with the end points 1 and 2 will be
denot¢d by the reference numbers 3 and 4 (seecFigure 2).

Figure 2 — Single element with four terminals: Two endpoints
and two intermediate points

7.2.4 If several similar elements are combined in a group of elements, then one of the
following methods for marking the elements shall be used:

— the two end points and intermediate points, if any, are distinguished by letters preceding
the reference numbers referred to in 7.2.2 and 7.2.3, for example U, V, W corresponding
to the phases of a three-phase AC system (see Figure 3);
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|— __________ 1
[ - > < |
| I
: I
| |
: I
| |
: I
o o~ QN
| > > = :
e - — e — e e— e —
IEC
Figure 3 — Three-phase equipment with six terminals
— th¢ two end points and intermediate points, if any, are distinguished by numbers pre¢eding
the reference numbers referred to in 7.2.2 and 7.2.3 where a phase identification|is not
nepessary or possible. To avoid confusion these numbers shall beseparated by|a full
stgp. For example the end points of one element may be marked \*"1 and 1.2, thpse of
anpther element 2.1 and 2.2 (see Figure 4);
NOTE |[For examples of an unambiguous terminal designation with respect tothe object to which the ferminal
belongyq, see IEC 61666:2010, Annex A.
S |
| L — — |
I — N N |
I I
I
| 1.3 273 33 |
i 1.4 2.4 3.4
I
I |
I I
S o~ o !
| — o~ @ |
L - - - —1
IEC
Figure 4= Three-element equipment with twelve terminals:
Six endpoints and six intermediate points
— in pase of terminal blocks, numerical identification in numerical order.
Furthgr detailed requirements on terminal markings and identification may be given by
relevant product committees.
7.2.5 Sillliidl yroups Uf Ciﬂlllclltb ildVIlly tilU >dIe ICfCIUIIbU iUttUlb dlc Ulibtillguibhc.]l by a

numerical prefix to the reference letters (see Figure 5a and Figure 5b)).


https://iecnorm.com/api/?name=6de8271fd95ad0fabbb83eb0cec063a2

-16 - IEC 60445:2017 © IEC 2017
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, To Fo T Ny Vg & . o & & |
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| I ! |
! 1 | i
| . -
1 |
! | | i I i
| I I '
1 1 I !
| | | _jz —SIZ ,
1 1 1
| | | |
1 1 | i
I I ' =1 L1 |
' [ [ | | ~ 1~ !
| N N I | {
1 1 | |
| | | i
1 d 1 ] s od £
|+ = = B R &
e |- o ________ | N S J
IEC IEC
a) Three-phase equipment b) Two-phase equipment/with two groups|of
with two groups of elements elements with four terminals each not intendpd to

be connected to certain“designated conducfors

Figure 5 — Equipment with groups of elements

Figurg 6 illustrates the interconnection of equipment terminals and certain designated
condugtors, marked in accordance with the alphanumerie/notation.

L1
L2
L3
N

PE

IEC
Figure 6 — Interconnection of equipment terminals and certain designated condugtors

7.3 |ldentification of certain designated conductors

7.3.1 General

Equipment terminals which are intended to be connected directly or indirectly to certain
designated conductors, and terminations of certain designated conductors shall be marked
with reference letters or graphical symbols or both reference letters and graphical symbols
according to Table A.1.

7.3.2 Neutral conductor

The alphanumeric identification of a neutral conductor shall be ‘N’.

7.3.3 Protective conductor

The alphanumeric identification of a protective conductor shall be ‘PE’. This identification also
applies for a protective earthing conductor.
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7.3.4

The al

7.3.5

The al

7.3.6

The al

PEN conductor

phanumeric identification of a PEN conductor shall be ‘PEN’.

PEL conductor

phanumeric identification of a PEL conductor shall be ‘PEL’.

PEM conductor

phanumeric identification of a PEM conductor shall be ‘PEM’.

7.3.7

The a

7.3.8
If it i

proteg
bondir

7.3.9
If it i

proteg
bondir

7.3.10

The a

7.3.11

The a

7.3.12

Protective bonding conductor

phanumeric identification of a protective bonding conductor shall be ‘PB’.

Protective bonding conductor earthed
5 necessary to distinguish between a protective bonding conductor earthed

tive bonding conductor unearthed, the alphanumeric identification of a pro
g conductor earthed shall be ‘PBE’.

Protective bonding conductor unearthed
5 necessary to distinguish between a protective{bonding conductor earthed

tive bonding conductor unearthed, the alphanumeric identification of a pro
g conductor unearthed shall be ‘PBU’.

Functional earthing conductor

phanumeric identification of a functiefal earthing conductor shall be ‘FE’.

Functional bonding conductor

phanumeric identification0f’a functional bonding conductor shall be ‘FB’.

Mid-point conductor

The alphanumeric identification of a mid-point conductor shall be ‘M’.

7.3.13

The a

Line conductor

phapumeric identification of a line conductor shall start with the letter “L” suffixed

— fon

anvAC circuit, a sequential number of line conductors, starting with the digit one *

and a
ective

and a
ective

— for a DC circuit, with the sign “+” for the positive line conductor and with the sign “-“ for the
negative line conductor.

If no more than one line conductor is used, the suffix may be omitted.
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Annex A
(informative)

Colours, alphanumeric notations and graphical symbols
used for identification of conductors and terminals

Table A.1 — Colours, alphanumeric notations and graphical symbols
used for identification of conductors and terminals

Identification of conductors / terminals by
Designated conductors/terminals | Alphanumeric notations Graphidal
Colours b
Conductors | Terminals symbols
AC cgnductors AC AC -
Line 1 L1 U ‘ BK 9 or
N
Line 2 L2°¢ v . BN Y or
Line 3 L3¢ w GY(®
Mid-point conductor M M . No
BU © .
Neutral conductor N N recommendation
DC cgnductors DC DC - -
Positive L+ % . RD —f—
Negative L- - WH —
Mid-point conductor M M No
‘ BU © recommendation
Neutral conductor N N
Proteg¢tive conductor PE PE GNYE @
PEN conductor PEN PEN No
GNYE f recommendation
PEL conductor PEL PEL
f
bEM conductor PEM PEM . BU
Proteg¢tive bonding.conductor 9 PB PB ‘(&
GNYE
- earthed PBE PBE No
recommendation
- unearthed PBU PBU
Functional earthing conductor " FE FE Q PK FI—A
Functional bonding conductor FB FB No I_J_,
recommendation
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@ See Clause 7.

b The graphics shown correspond to the following symbol No in IEC 60417.

~_  IEC 60417-5032 (2002-10) D IEC 60417-5019 (2006-08)
= |EC 60417-5031 (2002-10) A IEC 60417-5018 (2006-10)
-+ IEC 60417-5005 (2002-10) A1 IEC 60417-5020 (2002-10)
— IEC 60417-5006 (2002-10) ‘é’ IEC 60417-5021 (2002-10)

¢ Only necessary in systems with more than one phase.

4 This sequence of colour codes is alphabetical. It does not represent recommended phasing or a direction of

r i.di.iull.
e  Ske6.2.2.
f  Spke 6.3.31t06.3.5.

9 A |protective bonding conductor will in most cases be a protective bonding conductor 'earthed. It
necessary to designate it with PBE. In those cases where a distinction between @‘\protective b
copductor earthed and a protective bonding conductor unearthed is used, a clear distinction betweer
shpll be made (for example, within electro-medical installations) and the designatiens’PBE and PBU
belapplied.

b Ndither the designation FE nor the graphical symbol 5018 of IEC 60417 shalibe applied for conduct
teqminals having a protective function. Bi-colour insulation GREEN-AND-YELLOW cannot be us
copductors that do not have a protective function (i.e. for conductors gther than PE, PEN, PEL, PEN

PH

E, PBU). See Clause 5.

is not
nding
them
hould

ors or
bd for
1, PB,
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

PRINCIPES FONDAMENTAUX ET DE SECURITE POUR LES INTERFACES

HOMME-MACHINE, LE MARQUAGE ET L’IDENTIFICATION -

IDENTIFICATION DES BORNES DE MATERIELS, DES EXTREMITES

DE CONDUCTEURS ET DES CONDUCTEURS

AVANT-PROPOS

La |Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normg
conposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L1EC
objdt de favoriser la coopération internationale pour toutes les questions de normalisation dans les ddg
de |'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des
intefnationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessi
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confié
conlités d'études, aux travaux desquels tout Comité national intéressé par le sujet, traité peut particig
orgdnisations internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, pa
également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisatio
seldn des conditions fixées par accord entre les deux organisations.

Les|décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la
du possible, un accord international sur les sujets étudiés, étant donhe\que les Comités nationaux (
intéfessés sont représentés dans chaque comité d’études.

Les|Publications de I'lEC se présentent sous la forme de recommandations internationales et sont
conmme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin q

lisation
a pour
maines
Normes
bles au
e a des
er. Les
ticipent
(1S0),

mesure
e I''EC

hgréées
e I'lEC

s'asjsure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responslable de

I'événtuelle mauvaise utilisation ou interprétation qui en estfaite par un quelconque utilisateur final.
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documentation et symboles graphiques.

Elle a le statut d'une publication fondamentale de sécurité, conformément au Guide 104 de
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b) codes couleur permettant I'identification des conducteurs de ligne dans les systémes a
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urant continu;

c) code couleur permettant I'identification d’'un conducteur de mise a la terre fonctionnelle;

d) mise a jour du Tableau A.1 intégrant les codes couleur des conducteurs de ligne a courant
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PRINCIPES FONDAMENTAUX ET DE SECURITE POUR LES INTERFACES

HOMME-MACHINE, LE MARQUAGE ET L’IDENTIFICATION -

IDENTIFICATION DES BORNES DE MATERIELS, DES EXTREMITES

DE CONDUCTEURS ET DES CONDUCTEURS

1 Domaine d’application
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IEC 60417, Symboles graphiques utilisables sur le matériel
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haisons de tels matériels (par exemple des ensembles) et s'appligue al

générales concernant l'utilisation de certaines couleurs ou de certains cara
umériques pour identifier les conducteurs dans le but d’éviter toute ambiguité
ir la sécurité de fonctionnement. Ces couleurs ou ces caractefes alphanumé
Bs aux conducteurs doivent étre appliqués aux cables ou-‘aux noyaux, aux
s, aux matériels et aux installations électriques.
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Guide IEC 104, Elaboration des publications de sécurité et utilisation des publications
fondamentales de sécurité et publications groupées de sécurité

Guide ISO/IEC 51, Aspects liés a la sécurité — Principes directeurs pour les inclure dans les

norme

S

3 Termes et définitions

Pour les besoins du présent document, les termes et les définitions suivants s’appliquent.

L'ISO et I'l[EC tiennent a jour des bases de données terminologies destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/
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e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

NOTE Les termes sont triés par ordre alphabétique en anglais.

3.1

matériel électrique

matériel utilisé pour la production, la transformation, le transport, la distribution ou I'utilisation
de I'énergie électrique, tel que machine, transformateur, appareillage, appareil de mesure,
dispositif de protection, canalisation électrique, matériels d’utilisation

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

3.2
conducteur de liaison fonctionnelle
condufteur prévu pour réaliser une liaison équipotentielle fonctionnelle

[SOURCE: IEC 60050-195:1998, 195-02-16]

3.3
mise a la terre pour des raisons fonctionnelles
mise @ la terre d’'un ou de plusieurs points d'un réseau, d'unerinstallation ou d'un mptériel
pour des raisons autres que la sécurité électrique

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

3.4
condycteur de mise a la terre fonctionnelle
condupteur de mise a la terre utilisé pour la mise a la terre fonctionnelle

[SOURCE: IEC 60050-195:1998, 195-02-15]

3.5
liaisoh équipotentielle fonctionnelle
liaisor| équipotentielle réalisée.a'des fins fonctionnelles autres que la sécurité

[SOURCE: IEC 60050-195;1998, 195-01-16]

3.6
condycteur de ligne

DECONSEILLESconducteur de phase (dans les systémes a courant alternatif)
DECONSEILLEYconducteur de pdle (dans les systémes a courant continu)
condugteur sous tension en service normal et capable de participer au transport oyl a la
distribution-de I'énergie électrique, mais qui n’est ni un conducteur de neutre ni un condlcteur
de poi t'milieu

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

3.7

conducteur de point milieu

conducteur électriqguement raccordé au point milieu et capable de participer a la distribution
de I'énergie électrique

[SOURCE: IEC 60050-195:1998, 195-02-07]

3.8

conducteur (de) neutre

conducteur relié électriqguement au point neutre et pouvant contribuer a la distribution de
I’énergie électrique
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[SOURCE: IEC 60050-195:1998, 195-02-06]

3.9

conducteur PEL
conducteur assurant a la fois les fonctions de conducteur de mise a la terre de protection et
de conducteur de ligne

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

3.10

conducteur PEM

condu
condu

cteur assurant les fonctions de conducteur de mise a la terre de protection
cteur de point milieu

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

3.1

condycteur PEN

condu

cteur assurant a la fois les fonctions de conducteur de mise.a la terre de protec

de conducteur de neutre

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

3.12

condycteur de liaison de protection
DECONSEILLE: conducteur d'équipotentialité

condu

cteur de protection prévu pour réaliser une laison équipotentielle de protection

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

3.13

condycteur de liaison de protection mis a la terre

condu

3.14

cteur de liaison de protection muni d’'un chemin conducteur vers la terre locale

condycteur de liaison-de‘protection non mis a la terre

condu

3.15

cteur de liaison-de/protection dépourvu de chemin conducteur vers la terre locale

conducteur de protection

condu
condu

teur-de mise a la terre du matériel, US
teur d’électrode de mise a la terre, US

(identiEcation: PE)

et de

ion et

conducteur prévu a des fins de sécurité, par exemple protection contre les chocs électriques

Note 1

a l'article: Les termes conducteur de mise a la terre du matériel et conducteur d’électrode de mise a la
terre sont utilisés aux Etats-Unis en fonction de leur application.

[SOURCE: IEC 60050-195:1998, 195-02-09, modifiée — deux synonymes et une note a
I'article ont été ajoutés]

3.16

mise a la terre pour des raisons de protection
mise a la terre d'un ou de plusieurs points d'un réseau, d'une installation ou d'un matériel
pour des raisons de sécurité électrique

[SOURCE: IEC 60050-195/AMD1:2001, 195-01-11]
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3.17
conducteur de mise a la terre de protection
conducteur de protection prévu pour réaliser la mise a la terre de protection

[SOURCE: IEC 60050-195:1998, 195-02-11]

3.18
liaison équipotentielle de protection
liaison équipotentielle réalisée a des fins de sécurité

[SOURCE: IEC 60050-195:1998, 195-01-15]

3.19
mettre a la terre, verbe

réalisg@r une liaison électrique entre un point donné d’un réseau, d’une installation op d’un

matériel et une terre locale

Note 1 p I'article: La liaison a la terre locale peut étre
— intentionnelle, ou
— non intentionnelle ou accidentelle
et peut étre permanente ou temporaire.

[SOURCE: IEC 60050-195:1998, 195-01-08]

3.20
liaisoh équipotentielle

mise [en ceuvre de liaisons électriques entte parties conductrices
I’équigotentialité

[SOURCE: IEC 60050-195:1998, 195-01-10]

3.21
équipptentialité
état des parties conductrices ayant-un potentiel électrique sensiblement égal

[SOURCE: IEC 60050-195:1998, 195-01-09]

4 Mgéthodes d’identification

pour

realiser

Dans |le cas ol l'identification des bornes de matériels et des extrémités de certains
condupteurs_désignés est considérée comme nécessaire, elle doit étre réalisée au moyen

d'une pu_ de plusieurs des méthodes suivantes:

— la lbesition—physiad o bhoraaa
}JUOILIUII PIIyOI\;IUU \w A ] YUTTICO

conducteurs désignés;

eértains

— un code de couleurs pour les bornes de matériels et les extrémités de certains

conducteurs désignés conformément a I'Article 6;

— des symboles graphiques conformes a I'l[EC 60417. Si des symboles complémentaires

sont nécessaires, ils doivent étre cohérents avec I'lEC 60617;

— une notation alphanumérique conformément au systeme détaillé a I'Article 7.

Pour rester en cohérence avec la documentation et la désignation des bornes de matériels, la

notation alphanumérique est recommandée.

L’identification des conducteurs par des couleurs doit étre conforme aux exigences prévues
dans I'Article 6. L’identification des conducteurs par des caractéres alphanumériques doit étre

conforme aux exigences prévues dans l'Article 7.
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Il est reconnu que pour des systémes et des installations complexes, un marquage et un étiquetage
supplémentaires sont utilisés pour des raisons autres que la sécurité, voir par exemple I'l[EC 62491.

5 Application des moyens d’identification

La couleur, le symbole graphique ou la notation alphanumérique d'identification doivent se

trouve

r sur la borne correspondante ou a proximité.

Lorsque plusieurs méthodes d'identification sont utilisées, la corrélation entre ces méthodes
doit, chaque fois qu'il y a risque de confusion, étre clarifiée dans la documentation associée.

Lorsgy’aucune confusion n’est possible, la juxtaposition d’'une notation numerique et

notati
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6 Identification par des couleurs

6.1
Pour |

N
R

NOTE

L’iden
toute
coulel

n alphanumérique peut étre appliquée.

brnes et les conducteurs utilisés pour la mise a la terre sont divisés sejlon leur o
be a la terre en deux concepts de base: la mise a la terre de protection et la mis
bnctionnelle.

protection et a la mise a la terre fonctionnelle, elle/il doit &tre’désigné(e) comm
ne ou un conducteur de mise a la terre de protection.

les exigences relatives a la mise a la terre de protection ne sont pas respecté
e borne ou un conducteur de mise a la terre fonctionnelle, elle/il ne doit pa

5 exigences relatives a la mise a la terre fonctionnelle doivent étre définies
nstructeur ou le comité de produit en question et il convient qu’elles soient spé
ns la documentation de l'appareil.

Généralités
identification des conducteurs, les couleurs suivantes sont autorisées:

DIR, MARRON, ROUGE, ORANGE, JAUNE, VERT, BLEU, VIOLET, GRIS, B
ODSE, TURQUOISE.

Cette liste de‘couleurs provient de I'l|EC 60757.

tification_par couleur doit étre utilisée au niveau des extrémités et de préféren
a longueur du conducteur, soit par la couleur de l'isolation, soit par des marque
r,{excepté pour les conducteurs nus, pour lesquels l'identification par couley

rqué(e) comme étant une borne ou un conducteur‘de mise a la terre de protection|.

Par exemple, les exigences relatives a la gestion des problémes de compatibilité électromagnétique.

d’'une

bjectif
e ala

une borne ou un conducteur est conforme aux exigences relatives a la mise a Ia terre

e une

PSs par
5 étre

par le
cifiées

LANC,

Ce sur
irs de
r doit

s’effed

tuer au niveau des Innintq dextrémité et de raccordement

L’identification par couleur ou par marquage n’est pas nécessaire pour

— les conducteurs concentriques de cables,

— la gaine ou I'armure métallique des cables en cas d’utilisation comme un conducteur de
protection,

— les conducteurs nus lorsqu’une identification permanente est impossible,

— les éléments conducteurs étrangers utilisés comme un conducteur de protection,

— les parties conductrices accessibles utilisées comme un conducteur de protection.

Des marquages additionnels, par exemple un marquage alphanumérique, sont autorisés, a

condit

ion que l'identification par couleur reste sans ambiguité.
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6.2 Utilisation de couleurs uniques
6.2.1 Couleurs autorisées

Le VERT et le JAUNE sont les seules couleurs autorisées lorsqu'aucune confusion avec le
code couleur des conducteurs conformément a 6.3.2 jusqu’a 6.3.6 n’est possible.

6.2.2 Conducteur de neutre ou de point milieu

Lorsqu’un circuit comprend un conducteur de neutre ou de point milieu identifié par une
couleur, la couleur utilisée a cet effet doit étre le BLEU. Afin d’éviter toute confusion avec
d’autres couleurs, il est recommandé d’utiliser un BLEU non saturé, souvent appelé "bleu
clair'.] Le BLEU ne doit pas étre utilise pour identifier un autre conducteur lorsqu’une
confugion est possible.

En I'absence de conducteur de neutre ou de point milieu, un conducteur identifié\par du|BLEU
dans |’ensemble des canalisations électriques peut étre utilisé a toute ,autre fin, excepté
commgEg un conducteur de protection.

En cap d’utilisation d’une identification par couleur, les conducteurs fius utilisés comme des
condufteurs de neutre ou de point milieu doivent étre, soit marqués-par une bande BLEUE de
15 mnp @ 100 mm de large dans chaque unité ou enveloppe el'chaque partie accessible, soit
colorés en BLEU sur toute leur longueur.

NOTE |[Dans I'lEC 60079-11, la couleur BLEUE est utilisée pour-le{ marquage par la couleur des bornps, des
boites 4 bornes, des fiches et des socles de circuits de sécurité intrinséque.

6.2.3 Conducteur de ligne dans un systéme a courant alternatif

Pour |les conducteurs de ligne dans les.systémes a courant alternatif, les couleurs
préférentielles sont le NOIR, le MARRON et le'GRIS.

NOTE |[L’ordre des codes de couleur donnés-en 6.2.3 est alphabétique et n’indique aucune préférende dans
I'ordre dles phases ou le sens de rotation.

6.2.4 Conducteur de ligne.dans un systéme a courant continu

Pour |les conducteurs de‘ ligne dans les systémes a courant continu, les couleurs
préférgntielles sont:

— le ROUGE pour le_.conducteur de ligne positif,
— le BLANC pourile conducteur de ligne négatif.

6.2.5 Conducteur de mise a la terre fonctionnelle

e‘marquage par couleur d’'un conducteur de mise a
préférentiette—es ROSE—tapptication—de—ta—e e
des extrémités et des points de connexion.

la terre f

onctionnelle, la cpuleur
Heermen iveau

6.3 Utilisation de combinaisons bicolores
6.3.1 Couleurs autorisées

Les combinaisons de deux des couleurs répertoriées en 6.1 sont autorisées a condition que
tout risque de confusion soit impossible.

Afin d’éviter toute confusion, la couleur VERTE et la couleur JAUNE ne doivent pas étre
utilisées dans des combinaisons de couleurs autres que la combinaison VERT/JAUNE.

L’utilisation de la combinaison des couleurs VERT/JAUNE est restreinte aux cas énoncés de
6.3.2 24 6.3.6.
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