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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF MACHINERY -
ELECTRICAL EQUIPMENT OF MACHINES -

Part 1. General requirements
FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization \comprising
all national electrotechnical committees (IEC National Committees). The object of IEC_.is jto promotg
international co-operation on all questions concerning standardization in the electrical and eleetronic fields. Tg
this end and in addition to other activities, IEC publishes International Standards, Technical- Specifications
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter. referred to as “IEQ
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National. Committee interested
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
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

P) The formal decisions or agreements of IEC on technical matters express, as|nearly as possible, an internationa
consensus of opinion on the relevant subjects since each technicalc.committee has representation from al
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC Nationa
Committees in that sense. While all reasonable efforts are made,'to ensure that the technical content of IEG
Publications is accurate, IEC cannot be held responsible forsthe way in which they are used or for any
misinterpretation by any end user.

1) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicationg
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding\national or regional publication shall be clearly indicated in
the latter.

) IEC itself does not provide any attestation.of ©onformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

(2
—~

All users should ensure that they have\the latest edition of this publication.

=T
~

No liability shall attach to IEC or (its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage of
other damage of any nature” whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of~the publication, use of, or reliance upon, this IEC Publication or any other IEQ
Publications.

B) Attention is drawn to'the Normative references cited in this publication. Use of the referenced publications ig
indispensable forthe correct application of this publication.

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

DISCLAIMER
This Redline version is not an official IEC Standard and is intended only to provide
the user with an indication of what changes have been made to the previous version.

This Redline version provides you with a quick and easy way to compare all the
changes between this standard and its 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.
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International Standard IEC 60204-1 has been prepared by IEC technical committee 44: Safety
of machinery — Electrotechnical aspects.

This sixth edition cancels and replaces the fifth edition published in 2005. It constitutes a
technical revision.

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

p) added requirements to address applications involving power drive systems (PDS);

b) revised electromagnetic compatibility (EMC) requirements;

c) clarified overcurrent protection requirements;

d) requirements for determination of the short circuit current rating of the ,electrica

equipment;
p) revised protective bonding requirements and terminology;

f) reorganization and revision to Clause 9, including requirements pertaining to safe torque
off of PDS, emergency stop, and control circuit protection;

) revised symbols for actuators of control devices;

h) revised technical documentation requirements;

) general updating to current special national conditions, normative standards, and
bibliographical references.

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

FDIS Report on voting
44/765/FDIS 44/771/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.

A list of all parts in the\ IEC 60204 series, published under the general title Safety o
machinery — Electrical equipment of machines, can be found on the IEC website.

The following differing practices of a less permanent nature exist in the countries indicated
below.

1.3.1: The voltage characteristics of electricity supplied by public distribution systems in
Europe are given in EN 50160:2010.

6.1: Exception is not allowed (USA).

N TN-C systems are not permitted in low-voltage installations in buildings (Norway).

5.2: Terminals for the connection of the protective earthing conductors may be

identified by the colour green, the letters “G” or “GR” or “GRD” or “GND”, or the
word “ground” or “grounding”, or with the graphical symbol IEC 60417-5019:2006-
08 or any combination (USA).

6.3.3b), 13.4.5b), 18.2.1:  TT power systems are not allowed (USA).

6.3.3, 18.2, Annex A: TN systems are not used. TT systems are the national standard
(Japan).

6.3.3b): The use of residual current protective devices with a rated residual operating
current not exceeding 1 A is mandatory in TT systems as a means for fault
protection by automatic disconnection of supply (ltaly).
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7.2.3: Disconnection of the neutral conductor is mandatory in a TN-S system (France
and Norway).

7.2.3: Third paragraph: distribution of a neutral conductor with an IT system is not
allowed (USA and Norway).

7.10: For evaluation of short circuit ratings the requirements of UL 508A Supplement
SB, may be used (USA).

8.2.2: See IEC 60364-5-54:2011, Annex E List of notes concerning certain countries.

912: Maximum nominal AC control circuit voltage is 120 V (USA)

12.2: Only stranded conductors are allowed on machines, except for 0,2 mm2 solid
conductors within enclosures (USA).

12.2: The smallest power circuit conductor allowed on machines is 0,82 mm?2 (AWG 18
in multiconductor cables or in enclosures (USA).

Table 5: Cross-sectional area is specified in NFPA 79 using American Wire\Gauge (AWG
(USA). See Annex G.

13.2.2: For the protective conductor, the colour identification GREEN" (with or without
YELLOW stripes) is used as equivalent to the bicolour combination GREEN-AND-
YELLOW (USA and Canada).

13.2.3: The colour identification WHITE or GREY is used for garthed neutral conductorg
instead of the colour identification BLUE (USA andCanada).

15.2.2: First paragraph: Maximum value between conductors 150 V (USA).

15.2.2: Second paragraph, 5t bullet: The full load ¢Grrent rating of lighting circuits does
not exceed 15 A (USA).

16.4: Nameplate marking requirements (USAY.

A.2.2.2: The permissible maximum value of\®, is regulated (e.g. when U > 300V, R, shal
be less than 10 Q, when U, <300V, R, shall be less than 100 Q, U, is the
nominal AC line to earth voltage in volts (V) (Japan).

A.2.2.2: The maximum permissible walue of R, is 83 Q (Netherlands).

The committee has decided that the contents of this publication will remain unchanged unti
the stability date indicated on _the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

¢ reconfirmed,

*  withdrawn,

»  replaced by a.revised edition, or
» 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

lunderstanding of its contents lUsers should therefore print this document using al

colour printer.
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INTRODUCTION

This part of IEC 60204 provides requirements and recommendations relating to the electrical
equipment of machines so as to promote:

— safety of persons and property;

— consistency of control response;

— ease of operation and maintenance.

More guidance on the use of this part of IEC 60204 is given in Annex F.

FFigure 1 has been provided as an aid to the understanding of the inter-relationship .of the
various elements of a machine and its associated equipment. Figure 1 is a block diagram of &
fypical machine and associated equipment showing the various elements of{th&” electrica
equipment addressed in this part of IEC 60204. Numbers in parentheses ( ) refer to Clauseg
and Subclauses in this part of IEC 60204. It is understood in Figure 1 thatall of the elementg
faken together including the safeguards, tooling/fixturing, software, and.the documentation,
constitute the machine, and that one or more machines working together,with usually at least
pne level of supervisory control constitute a manufacturing cell or system.
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) Warning signs, item designation
Physical (Clause 16) System/cell
enw(r:r;fr;nent Technical documentation controller
’ (Clause 17)
A
Supply disconnecting device
(5.3)
Protection against electrical shock
(Clause B)
Protection of equipment
Power supply (Clause 7)
— .
(4.3) Earth (PE) terminal
(5.2) Data link
Protective bonding circuit
(8.2)
Control circuits and control functions
(Clause 9)
Emergency operations
(External protective (9.2.2.4) .
conductor connection) Controlgear
(Clause 11)
Accessories and lighting
Conductors and (Clause 15)
cables J J Emergency
(Clause 12) stop device
Wiring \ AJ (10.7)
practices
(Clause 13) Motor Programmable Operator control
Verification control equipment « » controller > station
(Clause 18) (Clause 10)
Input/output Safeguards and
interface <> warning devices
Motors e
(Glause 14)and | g Actuators and

transducers

sensors

Processing equipment

Figure 1 — Block diagram of a typical machine

IEC
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SAFETY OF MACHINERY -
ELECTRICAL EQUIPMENT OF MACHINES -

Part 1: General requirements

Scope

This part of IEC 60204 applies to-the—application—of electrical, electronic and programmablg
electronic equipment and systems to machines not portable by hand while working,\including
A group of machines working together in a co-ordinated manner.

NOTE 1 This part of IEC 60204 is an application standard and is not intended to limit or(inhibit technologica
pdvancement.

NOTE 2 In this part of IEC 60204, the term “electrical” includes electrical, electronic and, programmable electronid
matters (i.e. “electrical equipment” means electrical, electronic and programmable electronic equipment).

NOTE 3 In the context of this part of IEC 60204, the term “person” refers tolany individual and includes thosg
pbersons who are assigned and instructed by the user or his agent(s) in the,use and care of the machine in
fjuestion.

The equipment covered by this part of IEC 60204 commences at the point of connection of the
supply to the electrical equipment of the machine (see¢5:1Y.

NOTE 4 The requirements for the electrical supply installation<n-buildings are given in the IEC 60364 series.

This part of IEC 60204 is applicable to the\electrical equipment or parts of the electrica
equipment that operate with nominal supply»voltages not exceeding 1 000 V for alternating
current (AC) and not exceeding 1 500 ¥, for direct current (DC), and with nominal supply
frequencies not exceeding 200 Hz.

NOTE 5 Feor-higher—voltages,—see Information on electrical equipment or parts of the electrical equipment tha
pperate with higher nominal supply voltages can be found in IEC 60204-11.

This part of IEC 60204 ‘dees not cover all the requirements (for example guarding
nterlocking, or control) that'are needed or required by other standards or regulations in order
fo protect persons from-hazards other than electrical hazards. Each type of machine hag
unique requirementsito be accommodated to provide adequate safety.

This part of |IEC60204 specifically includes, but is not limited to, the electrical equipment of
machines as-defined in 3.1.40.

NOTE 6 \Annex C lists examples of machines whose electrical equipment can be covered by this part of
EC 60204.

This part of IEC 60204 does not specify additional and special requirements that can apply to
the electrical equipment of machines that, for example:

are intended for use in open air (i.e. outside buildings or other protective structures);
— use, process, or produce potentially explosive material (for example paint or sawdust);
— are intended for use in potentially explosive and/or flammable atmospheres;

— have special risks when producing or using certain materials;

— are intended for use in mines;

— are sewing machines, units, and systems (which are covered by IEC 60204-31);

— are hoisting machines (which are covered by IEC 60204-32);

— are semiconductor fabrication equipment (which are covered by IEC 60204-33).
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Power circuits where electrical energy is directly used as a working tool are excluded from
this part of IEC 60204.

2 Normative 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 Ilatest edition of the referenced document (including any
grTeTTdrTeTTts ) apphes:

EC 60034-1, Rotating electrical machines — Part 1: Rating and performance

EC 60034-5 Rotatinag electrical machines DPart 5- Daagrees of-pnrotection—nrovided hyv th
E o OUvoa—o, OaHAgereciHea—MmacHhAes o= ege eSO pProteCHOR—ProHaea—o)—

EC 60072-1 _Dimensions and outnut-series for rotatina -electrical machines Part 1- Eram
E o O9of L1 HReASIOAS ARG OtHPpUHSeHeS o oRatihigeectiaca aAGHHAEeS = Fat
EC B80072-2 Dimensions-and-outnout-series for rotatint“electrical -machines Doyt 2- Eram
=0 H L ASIOAS ARG ot PptH—SeHeSHorrotatigsere ctHeca—achies —at—~—+1aeg

EC 60309-1:4999, Plugs, socket-outletsy and couplers for industrial purposes — Part 1.
General requirements

EC 60364-1, Low-voltage eleetrical installations — Part 1: Fundamental principles,
pssessment of general charaeteristics, definitions

EC 60364-4-41:2004 2005, Low-voltage electrical installations—ef—buildings — Part 4-41.
Protection for safety — Protection against electric shock

EC 60364-4-43:2001 2008, Low-voltage electrical installations—ef—buildings — Part 4-43.
Protection for safety — Protection against overcurrent

EC 60364-5-52:2004+ 2009, Low-voltage Electrical installations—ef—buildings — Part 5-52.
Selection and erection of electrical equipment — Wiring systems

EC 60364-5-53:2002 2001, Flectrical installations of buildings — Part 5-53: Selection an

erection of electrical equipment — Isolation, switching and control
IEC 60364-5-53:2001/AMD1:2002

IEC 60364-5-54:2002 2011, Low-voltage Electrical installations—ef—buildings — Part 5-54:
Selection and erection of electrical equipment — Earthing arrangements and protective

conductors-and-protective-bonding-conductors
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IEC 60417-DB:2002%, Graphical symbols for use on equipment.
Available from: http://www.graphical-symbols.info/equipment

IEC 60445:4999 2010, Basic and safety principles for man-machine interface, marking and

identification — Identification of equipment terminals-and-of-terminations-of-certain-designated
conductors—including general rules foran—alphanumeric-system, conductor terminations and

conductors

D
n}

D
n}

EC 60664-1:14992, Insulation coordination for equipment within low-voltage systems — Part 1.
Principles, requirements and tests

EC 60947-2:2003, Low-voltage switchgear and controlgear — Part 2: Circuit-breakers

EC 60947-3:14999, Low-voltage.switchgear and controlgear — Part 3: Switches, disconnectors,
switch-disconnectors, and fuse-combination units

EC 60947-5-1:2003, Low-voltage switchgear and controlgear — Part 5-1: Control circuit
devices and switching elements — Electromechanical control circuit devices
EC 60947-5-1:2008*AMD1:2009

EC 60947-5-5,: Low-voltage switchgear and controlgear — Part 5-5: Control circuit deviceg
pnd switchyng elements — Electrical emergency stop device with mechanical latching function

EC®60947-6-2, Low-voltage switchgear and controlgear — Part 6-2: Multiple function
eduipment — Control and protective switching devices(or equipment) (CPS)
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EC 61140:2004, Protection
equipment

against electric shock — Common aspects for installation ang

EC 61310 (all parts), Safety of machinery — Indication, marking and actuation

EC 61346 (all
Eoo 1940 —d

EC B84557-3-19Q Clactrical-safetvin low voltage-distribution-syuystems un to-1000-\/ a9 ¢c_an
Eo-otoo- o198 HtHea-SaretyH—+oWvYorage—-arStHotHo RS S SHPp o010 —v—a-6—3ah
1500 \/ d o Eauinment for-testinga —measurina—or-monitorina-of\nrotective measuyres DPart 9
oV O C—=qtpmentFortesting,—HeasttHAg—o HORHOHAGOI_Pproteciive eastes Ht—

EC 61558-1:4997 2005, Safety of power transformers, power-supply—units supplies, reactorg
and similar products — Part 1: General requirements and tests
Amendment-1-{1998)

EC 61558-1:2005/AMD1:2009

EC 61558-2-6, Safety of—peower transformiers, reactors, power supply units and simila
products for supply voltages up to 1 100~V — Part 2-6: Particular requirements and tests fol
safety isolating transformers—for—gereral—use and power supply units incorporating safety
jsolating transformers

EC 61984:2004, Connectors < Safety requirements and tests

EC 62023:2000, Structuring of technical information and documentation

EC 62061:20056, Safety of machinery — Functional safety of safety-related electrical,
electronic{@and programmable electronic control systems

signs
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ISO 13849-1:4999, Safety of machinery — Safety-related parts of control systems — Part 1: ‘
General principles for design

ISO 13849-2:2003, Safety of machinery — Safety-related parts of control systems — Part 2: ‘
Validation

ISO 13850:4996 2006, Safety of machinery — Emergency stop function — Principles for design

Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

3.1.1
pctuator
part of a device to which an external-manual action is to be applied ‘

Note 1 to entry: The actuator may take the form of a handle, knob, push-button, roller, plunger, etc.

Note 2 to entry: There are some actuating means that do not require ancextéernal actuating force, but only an
hction, e.g. touchscreens. ‘

Note 3 to entry: See also 3.1.39.

3.1.2
ambient temperature
femperature of the air or other medium where thesequipment is to be used

3.1.3

barrier
part providing protection against-diregh contact with live parts from any usual direction of |
pccess

3.1.4
basic protection
protection against electric\shock under fault-free conditions

Note 1 to entry: Previogsly'referred to as “protection against direct contact”

[SOURCE: IEG-60050-195:1998, 195-06-01, modified — The note has been added.]

3.1.5
cable tray
cableSupport consisting of a continuous base and raised edges and no covering

ote 1 to entry: A cable tray may be perforated or non-perforated

[SOURCE: IEC 60050-826:2004, 826-15-08] ‘

3.1.6

cable trunking system

system of closed enclosures comprising a base with a removable cover intended for the
complete surrounding of insulated conductors; or cables;—cords-and-for-the-accommodation-of ‘

chrorclogidenl condomant
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3.1.7
concurrent

an—aetuated—eene%en occurrlng or
synchronously)

3.1.8

conductor wire

conductor bar

Conductive wire or bar of a feeder sysiem wWith a sliding current collector

3.1.9

conduit

part of a closed wiring system of circular or non-circular cross-section fer “insulated
conductors and/or cables in electrical installations;—alewing—them—to—bedrawn—in—andiod
Feplaced

Note 1 to entry: Conduits should be sufficiently close-jointed so that the insulated conductors and/or cables can
pbnly be drawn in and not inserted laterally.

[SOURCE:—EV-826-06-03 |EC 60050-442:1998, 442-02-03, modified — The definition has
been amended and the note has been added.]

3.1.10
control circuit, <of a machine>
circuit used for the control, including monitoring, of a machine and the electrical equipment

3.1.11
control device
device connected into the control circuit and.used for controlling the operation of the machine

FXAMPLE Position sensor, manual control switch, relay, contactor, magnetically operated valve.

3.1.12

control station
pperator control station
pssembly of one or more gantrol actuators (see 3.1.1) fixed on the same panel or located in
the same enclosure

Note 1 to entry: A coatrdl station may also contain related equipment, for example, potentiometers, signal lamps
nstruments, display@éyices, etc.

[SOURCE: JEC.60050-441:1984, 441-12-08, modified — The second preferred term has been
pdded, the)word "switches" has been replaced by "actuators" in the definition and the notd
has begh ‘added.]

3.4.13
controlgear
switching devices and their combination with associated control, measuring, protective, and
regulating equipment, also assemblies of such devices and equipment with associated
interconnections, accessories, enclosures, and supporting structures, intended in principle for
the control of electrical energy consuming equipment

[SOURCE: IEC 60050-441:1984, 441-11-03;-modified]

3.1.14

controlled stop

stopping of machine motion with-electrical power to the machine actuators maintained during
the stopping process
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3.1.15
direct contact
contact of persons or livestock with live parts

Note 1 to entry: See 3.1.4.

[SOURCE: IEC 60050-826:2004, 826-12-03, modified — The note has been added.]

3.1.16

direct opening action, <of a confact element>

achievement of contact separation as the direct result of a specified movement of the swiich
actuator through non-resilient members (for example not dependent upon springs)

[SOURCE: |IEC 60947-5-1:2003, K.2.2]

3.1.17

duct

enclosed channel designed expressly for holding and protecting electrical_’eonductors, cables,
and busbars

Note 1 to entry: Conduits (see 3.1.9), cable trunking systems (see 3.1.6) andwunderfloor channels are types of
Huct.

3.1.18

parth

ocal earth

ground (US)

ocal ground (US)

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

[SOURCE: IEC 60050-195:1998,195-0:1<03]

3.1.19

electrical operating area
Foom or location for electrical equipment to which access is intended to be restricted to skilled
pr instructed persons, by.the opening of a door or the removal of a barrier without the use of 3
key or tool, and which is clearly marked by appropriate warning signs

3.1.20

plectronic equipment
part of the electfical equipment containing circuitry dependent for its operation on electronig
devices apnd‘Components

3.1.21
mergency stop device
anually actuated control device used to initiate an emergency stop function

Note 1 to entry: See-AnnexE 9.2.3.4.2.

[SOURCE: ISO 13850:2006, 3.2, modified — The note has been added.]

3.1.22

emergency switching off device

manually actuated control device used to switch off or to initiate the switching off of the supply |
of electrical energy to all or a part of an installation where a risk of electric shock or another
risk of electrical origin is involved

Note 1 to entry: See-AnrnrexE 9.2.3.4.3. ‘
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3.1.23

enclosed electrical operating area

room or location for electrical equipment to which access is intended to be restricted to skilled
or instructed persons by the use of a key or tool to open a door, or remove a barrier, and
which is clearly marked by appropriate warning signs

3.1.24

enclosure
part providing protection of equipment against certain external influences and, in any
direction, basic protection as protection against direct contact

Note 1 to entry: The existing definition taken from the IEV needs the following explanations within the scope of
his part of IEC 60204:

B) Enclosures provide protection of persons or livestock against access to hazardous parts.

b) Barriers, shaped openings, or any other means suitable to prevent or limit the penetration of, the“specified tesf
probes, whether attached to the enclosure or formed by the enclosed equipment, are considered as part of the
enclosure, except where they can be removed without the use of a key or tool.

C) An enclosure may be:
— a cabinet or box, either mounted on the machine or separate from the machine;

— acompartment consisting of an enclosed space within the machine structure.

[SOURCE: IEC 60050-195:1998, 195-02-35, modified — The definition has been amended.]

3.1.25

plectrical equipment

tems used in connection with the utilisation of electfieity by machines or parts of machines,
for example material, fittings, devices, components, appliances, fixtures, apparatus, and-theg

he elee al eauinment of machines similar

3.1.26

pquipotential bonding

provision of electric connections “between conductive parts, intended to achieve
equipotentiality

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

3.1.27

pxposed conductive .part
conductive part of_electrical equipment, which can be touched and which is not live under
hormal operating conditions, but which can become live under fault conditions

[SOURCE ;. IEC 60050-826:2004, 826-12-10, modified — The definition has been amended.]

3.1.28
xtraneous-conductive-part
onductive part not forming part of the electrical installation and liable to introduce an electrig

potential, generally the-earth electric potential of a local earth

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

3.1.29
failure
termination of the ability of an item to perform a required function

Note 1 to entry: After failure, the item has a fault.
Note 2 to entry: "Failure" is an event, as distinguished from "fault", which is a state.

Note 3 to entry: This concept as defined does not apply to items consisting of software only.
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Note 4 to entry: In practice, the terms fault and failure are often used synonymously.

[SOURCE: IEC 60050-191:1990, 191-04-01]

3.1.30

fault

state of an item characterized by inability to perform a required function, excluding the
inability during preventive maintenance or other planned actions, or due to lack of external
resources

Note 1 to entry: A fault is often the result of a failure of the item itself, but may exist without prior failure.

Note 2 to entry: In English, the term “fault” and its definition are identical with those given in IEC 60050-191:1990
191-05-01. In the field of machinery, the French term “défaut” and the German term “Fehler” are usedirather than
he terms “panne” and “Fehlzustand” that appear with this definition.

3.1.31
Fault protection
protection against electric shock under single-fault conditions

Note 1 to entry: Previously referred to as “protection against indirect contact”

[SOURCE: IEC 60050-195:1998, 195-06-02, modified — the Note"has been added]

3.1.32
functional bonding
equipotential bonding necessary for proper functioning«of*electrical equipment

3.1.33
hazard
potential source of physical injury or damage-to health

Note 1 to entry: The term hazard can be qualified in order to define its origin (for example, mechanical hazard
Electrical hazard) or the nature of the potential’ harm (for example, electric shock hazard, cutting hazard, toxid
hazard, fire hazard).

Note 2 to entry: The hazard envisaged in this definition:

- either is permanently present during the intended use of the machine (for example motion of hazardous moving
elements, electric arc during'a‘welding phase, unhealthy posture, noise emission, high temperature);

- or can appear unexpectedly (for example: explosion, crushing hazard as a consequence of an
unintended/unexpected start-up, ejection as a consequence of a breakage, fall as a consequence of
acceleration/deceleration).

[SOURCE: ISQ 12100:2010, 3.6, modified — The word “harm" has been replaced by " physica
njury or damage to health" in the definition and Note 3 has been removed]

3.1.34
ndirect contact
conhtact of persons or livestock with exposed conductive parts which have become live under

ault conditions

Note 1 to entry: See 3.1.31.

[SOURCE: IEC 60050-826:2004, 826-12-04, modified — The definition has been amended.]
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3.1.35

inductive power supply system

system of inductive power transfer, consisting of a track converter and a track conductor,
along which one or more pick-up(s) and associated pick-up converter(s) can move, without
any galvanic or mechanical contact, in order to transfer electrical power for example to a
mobile machine

Note 1 to entry: The track conductor and the pick-up are analogous to the primary and secondary of a transformer
respectively.

3.1.36

nstructed person, <in electricity>

person adequately advised or supervised by an electrically skilled person to enable him or hen
fo perceive risks and to avoid hazards which electricity can create

[SOURCE: IEC 60050-826:2004, 826-18-02, modified — “an electrically skilled ‘person” hag
been used to replace “electrically skilled persons”]

3.1.37
nterlock(for-safeguarding)

Arrangement-th i v
pf-the-electrical- supply-to-the-machine of devices operating together to:

o prevent hazardous situations, or

b prevent damage to equipment or material, or
o prevent specified operations, or

o ensure correct operations

3.1.38

ive part

conductor or conductive part intended_to be energized in normal use, including a neutra
conductor, but, by convention, not a PEN conductor

NTE_ Thi Lo sk of . _

3.1.39

machine actuator

power mechanism of the' machine used to effect motion (for example, motor, solenoid,
pneumatic or hydraulie cylinder)

3.1.40

machinery

machine

assemblynof linked parts or components, at least one of which moves, with the appropriate
machineactuators, control and power circuits, joined together for a specific application, in
particular for the processing, treatment, moving or packaging of a material

Note 1 to entry: The term "machinery" also covers an assembly of machines which, in order to achieve the same
end, are arranged and controlled so that they function as an integral whole.

Note 2 to entry: The term "component" is used here in a general sense and it does not refer only to electrical
components.

[SOURCE: ISO 12100:2010, 3.1, modified — The definition has been amended and Note 2
referring to an Annex has been removed and replaced by the present Note 2 to entry.]
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3.1.41

marking

signs or inscriptions primarily for the purpose of identifying equipment, components and/or
devices;which-can-include certainfeatures-thereof

3.1.42

neutral conductor
N

conductor electrically connected to the neutral point-efa-system and capable of contributing
0 the-tranrsmisston distribution of electrical energy

[SOURCE:HE\--826-14-07-moedified IEC 60050-195:1998, 195-02-06]

3.1.43

pbstacle

part preventing unintentional direct contact with live parts, but not preventing(direct contact by
deliberate action

[SOURCE: IEC 60050-195:1998, 195-06-16, modified — The words ¥(electrically) protective’
have been removed from the term.]

3.1.44
pvercurrent
current exceeding the rated value

Note 1 to entry: For conductors, the rated value is considered as*equal to the current-carrying capacity.

[SOURCE: IEC 60050-826:2004, 826-11-14, madified — The definition has been amended.]

3.1.45

pverload of a circuit
fime/current relationship in a circuit which is in excess of the rated full load of the circuit when|
the circuit is not under a fault condition

Note 1 to entry: Overload should nef\be used as a synonym for overcurrent.

3.1.46

plug/socket combination

component and a suitable mating component, appropriate to terminate conductors, intended
for connection orsdisconnection of two or more conductors

Note 1 to entry: \\Examples of plug/socket combination include:
- connectofs which fulfil the requirements of IEC 61984;
- a plug-and socket-outlet, a cable coupler, or an appliance coupler in accordance with IEC 60309-1;

- ,a_plug and socket-outlet in accordance with IEC 60884-1 or an appliance coupler in accordance with
IEC 60320-1.

3.1.47
power circuit

circuit that supplies power-frem-the-supphrnetwork to units of equipment used for productive
operation and to transformers supplying control circuits
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3.1.48

prospective short-circuit current

Icp

r.m.s. value of the current which would flow when the supply conductors to the electrical
equipment are short-circuited by a conductor of negligible impedance located as near as
practicable to the supply terminals of the electrical equipment

[SOURCE: IEC 61439-1: 2011, 3.8.7, modified — “assembly” has been replaced by “electrical
equipment”]

3.1.49
protective bonding
equipotential bonding for protection against electric shock

Note 1 to entry: Measures for protection against electric shock can also reduce the risk of burns\ox fire.

Note 2 to entry: Protective bonding can be achieved with protective conductors and protectiye bonding conductord
bnd by conductive joining of conductive parts of the machine and its electrical equipment.

3.1.50

protective bonding circuit

protective conductors and conductive parts connected together~to)provide protection against
electric shock in the event of an insulation failure

3.1.51

conductor providing a primary~fault current path from the exposed conductive parts of the
Electrical equipment to a proteetive earthing (PE) terminal

3.1.52

redundancy

ppplication of mere*than one device or system, or part of a device or system, with the
pbjective of ensuring that in the event of one failing to perform its function, another ig
available to perform that function

3.1.53
reference designation
distinctive code which serves to identify an object in the documentation and on the equipment

3.1.54

risk

combination of the probability of occurrence of harm (i.e. physical injury or damage to health)
and the severity of that harm

[SOURCE: ISO 12100-4:2010, 3.12, modified — The text in parentheses has been added]

3.1.55
safeguard
guard or protective device provided as a means to protect persons from a hazard
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[SOURCE: I1SO 12100:2010, 3.26, modified — The words “provided as a means to protect
persons from a hazard” have been added.]

3.1.56

safeguarding

protective measure using safeguards to protect persons from the hazards which cannot
reasonably be eliminated or from the risks which cannot be sufficiently reduced by inherently
safe design measures

[SOURCE: ISO 12100-4:2010, 3.21]

3.1.57
pafety function
function of a machine whose failure can result in an immediate increase of the risk(s)

[SOURCE: ISO 12100:2010, 3.30; IEC 62061:2005, 3.2.15]

3.1.58
servicing level
evel on which persons stand when operating or maintaining the eteetrical equipment

3.1.59

short-circuit current
pvercurrent resulting from a short-circuit due to a fauli”or an incorrect connection in an
electric circuit

[SOURCE: IEC 60050-441:1984, 441-11-07]

3.1.60

Bhort-circuit current rating
value of prospective short-circuit curreit that can be withstood by the electrical equipment for
the total operating time (clearing titre) of the short-circuit protective device (SCPD) undet
5pecified conditions

[SOURCE: IEC 61439-1: 2041, 3.8.10.4, modified — The word “rated” is removed from the
ferm, and the reference {o\*assembly” removed from the definition.]

3.1.61

killed person

lectrically skilled person
person with.relevant training, education and experience to enable him or her to perceive risks
and to aveid-hazards associated with electricity

[SOURCE: IEC 60050-826:2004, 826-18-01, modified — The parentheses have been removed
padd straining” has been added.]

3.1.62

supplier

entity (for example manufacturer, contractor, installer, integrator) who provides equipment or
services associated with the machine

Note 1 to entry: The user organization may also act in the capacity of a supplier to itself.
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3.1.63
switching device
device designed to make and/or break the current in one or more electric circuits

Note 1 to entry: A switching device may perform one or both of these actions.

[SOURCE: IEC 60050-441:1984, 441-14-01]

3.1.64
pncontrolled stop
stopping of machine motion by removing electrical power to the machine actuators

Note 1 to entry: This definition does not imply any particular state of other stopping devices, for, eXxamplg
mechanical or hydraulic brakes.

3.1.65
user
entity who utilizes the machine and its associated electrical equipment

3.2 Abbreviated terms

AWG  American Wire Gauge

AC Alternating Current

BDM Basic Drive Module

CCS Cableless Control System

pDC Direct Current

FMC Electro-Magnetic Compatibility

= Electro-Magnetic Interference
FLS Insulation Fault Location System
MMI Man-Machine interface

PDS Power Drive System

PELV  Protective Extra-Low Voltage

RCD Residual Current protéctive Device
SPD Surge ProtectivePevices

SCPD  Short-Circuit*Protective Device
SELV  Safe ExgrasLow Voltage

SLP Safely<limited Position

STO Safe Torque Off

B General requirements

This standard specifies requirements for the electrical equipment of machines.

The risks associated with the hazards relevant to the electrical equipment shall be assessed
as part of the overall requirements for risk assessment of the machine. This will:

— identify the need for risk reduction; and
— determine-the adequate risk reductions; and


https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

IEC 60204-1:2016 RLV © IEC 2016 -29 -

— determine the necessary protective measures

for persons who can be exposed to those hazards, while still maintaining an-acceptable-level
of appropriate performance of the machine and its equipment.

Hazardous situations can result from, but are not limited to, the following causes:

— failures or faults in the electrical equipment resulting in the possibility of electric shock,
arc, or-electrical fire;

- failures or faults in control circuits (or components and devices associated with those
circuits) resulting in the malfunctioning of the machine;

- disturbances or disruptions in power sources as well as failures or faults in the' powern
circuits resulting in the malfunctioning of the machine;

- loss of continuity of circuits that can result in a failure of a safety function2fof exampld
those that depend-up on sliding or rolling contacts;

- electrical disturbances for example, electromagnetic, electrostatic eithéryfrom outside the
electrical equipment or internally generated, resulting in the malfunctioning of the
machine;

- release of stored energy (either electrical or mechanical) resulting in, for example, electrid
shock, unexpected movement that can cause injury;

- audible acoustic noise and mechanical vibration at levelsythat cause health problems to
persons;

- surface temperatures that can cause injury.

Safety measures are a combination of the meastres incorporated at the design stage and
those measures required to be implemented by, the user.

The design and development process shallnidentify hazards and the risks arising from them
Where the hazards cannot be removedgand/or the risks cannot be sufficiently reduced by
nherently safe design measures, protective measures (for example safeguarding) shall be
provided to reduce the risk. Additional means (for example, awareness means) shall be
provided where further risk reduction is necessary. In addition, working procedures that
Feduce risk can be necessary.

The use

naga
Ae-USe | |\1u|

B d
e#de#te—faeﬂ#ate—an—app#ep#a%e—ag#eemem Itis recommended that, where the user is known,

Annex B be used to.facilitate an exchange of information between the user and the supplier(s
pn basic conditionStand additional user specifications related to the electrical equipment.

shown Annex of this nart of IEC 60204 is recommen
SHOWH Ahe of this part-otec-bdLb4isrecommen

3
<
-

NOTE Those additional specifications-are-te can:

- provide{additional features that are dependent on the type of machine (or group of machines) and thg
appli¢ation;

- facilitate maintenance and repair; and

- <{/improve the reliability and ease of operation.

4.2 Selection of equipment
4.21 General
Electrical components and devices shall:

— be suitable for their intended use; and
— conform to relevant IEC standards where such exist; and
— be applied in accordance with the supplier’s instructions.
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%k—assessment—ef—the—maeMﬂe— In addltlon to the reqwrements of IEC 60204 1, dependlng
upon the machine, its intended use and its electrical equipment, the designer may select parts
of the electrical equipment of the machine that are in compliance with relevant parts of the
IEC-60439 61439 series (see also Annex F).

of low voltano gwitchaoar and caontrolaocar aggamhliag
=) =) =4

|:.3 Electrical supply
.31 General

The electrical equipment shall be designed to operate correctly with the conditions of the
supply:
- as specified in 4.3.2 or 4.3.3, or

- as otherwise specified by the user{see-AnnexB)}, or
- as specified by the supplier-in-the-case of a special source of(supply-such-as-an-en-board
generator (see 4.3.4)

B.3.2 AC supplies

\VVoltage Steady state voltage: 0,9 to 1,1 6f'nominal voltage.
Frequency 0,99 to 1,01 of nominal frequency continuously;
0,98 to 1,02 short time.
Harmonics Harmonic distortion notexceeding—40 12 % of the total r.m.s. voltage

between live conductors for the sum of the 2nd through to the-5t%" 30th

harmonic.-An—additional- 2 % of the total r-m-s—voltage between-live

conductors—forthe—sum—ofthe 6™ through—tothe 30th—harmonic—is
coiblo

\oltage unbalance Neither the“voltage of the negative sequence component nor the

voltage~of the zero sequence component in three-phase supplies

exceeding 2 % of the positive sequence component.

\Voltage interruption Supply interrupted or at zero voltage for not more than 3 ms at any
random time in the supply cycle with more than 1s between
successive interruptions.

VVoltage dips Voltage dips not exceeding 20 % of the—peak rms voltage of the
supply for more than one cycle with more than 1 s between successive
dips.

B.3.3 DC supplies

From-batteries:

Voltage 0,85 to 1,15 of nominal voltage;
0,7 to 1,2 of nominal voltage in the case of battery-operated
vehicles.

Voltage interruption Not exceeding 5 ms.

From converting equipment:

Voltage 0,9 to 1,1 of nominal voltage.

Voltage interruption Not exceeding 20 ms with more than 1s between successive
interruptions.

NOTE This is a variation to IEC Guide 106 to ensure proper operation of electronic equipment.
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Ripple (peak-to-peak) Not exceeding 0,15 of nominal voltage.
4.3.4 Special supply systems

For special supply systems (e.g. on-board generators, DC bus, etc.) the limits given in 4.3.2
and 4.3.3 may be exceeded provided that the equipment is designed to operate correctly with
those conditions.

4.4 Physical environment and operating conditions

|4.4.1 General

The electrical equipment shall be suitable for the physical environment and operating
conditions of its intended use. The requirements of 4.4.2 to 4.4.8 cover the\ physica
environment and operating conditions of the majority of machines covered by:this part of
EC 60204. When special conditions apply or the limits specified are exceeded, an-agreemeni
exchange of information between user and supplier (see 4.1) can be necessafy,

B.4.2 Electromagnetic compatibility (EMC)

The electrical equipment shall not generate electromagnetic disturbances above levels that
are appropriate for its intended operating environment. In addjtioh, the electrical equipment
shall have a sufficient level of immunity to electromagnetic distusbances so that it can function
n its intended environment.

mmunity and/or emission tests are required on the etectfical equipment unless the following
conditions are fulfilled:

o the incorporated devices and componentshcemply with the EMC requirements for the
intended EMC environment specified in the relevant product standard (or generic standard
where no product standard exists), ands

o the electrical installation and wiring~éfe consistent with the instructions provided by the
supplier of the devices and components with regard to mutual influences, (cabling
screening, earthing etc.) or withyinformative Annex H if such instructions are not available
from the supplier.

NOTE-4+ The generic EMC standards IEC 61000-6-1 or IEC 61000-6-2 and IEC 61000-6-3 or IEC 61000-6-4 givs
peneral EMC emission and immunity limits.

IOTE 2 |EC
NOHEZL—EC
EMC
=WHo

AsSUrin
eASUHH

g
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4.4.3 Ambient air temperature

Flectrical equipment shall be capable of operating~correctly in the intended ambient ain
femperature. The minimum requirement for all{electrical equipment is correct operation in
pmbient air temperatures outside of enclosures (cabinet or box) between +5 °C and +40 °C

or verv hot environments (for examnle hofhelimatas staal millse  naner mille) and for col
o—erfy—otr—evwronments—or—exXxampre o SHateSs——Steei—hh Ss—paper——+mHn S)P—ahRC1oCOq

pB.4.4 Humidity

The electrical equipment shall be ‘capable of operating correctly when the relative humidity
does not exceed 50 % at a maximum temperature of +40 °C. Higher relative humidities ar¢
permitted at lower temperatures (for example 90 % at 20 °C).

Harmful effects of ocecaSional condensation shall be avoided by design of the equipment or,
Where necessary, byadditional measures (for example built-in heaters, air conditioners, drain
holes).

4.5  Alfitude

lectrical¥equipment shall be capable of operating correctly at altitudes up to 1 000 m above
edn sea level.

For equipment to be used at higher altitudes, it is necessary to take into account the reduction
of:

— the dielectric strength, and;

— the switching capability of the devices, and;

— the cooling effect of the air.

It is recommended that the manufacturer is consulted regarding the correction factors to be
used where the factors are not specified in product data.
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4.4.6 Contaminants

Electrical equipment shall be adequately protected against the ingress of solids and liquids
(see 11.3).

The electrical equipment shall be adequately protected against contaminants (for example
dust, acids, corrosive gases, salts) that can be present in the physical environment in which

the electrical equipment is to be installed{see-ArnrexB).

n.4.7 lonizing and non-ionizing radiation

When equipment is subject to radiation (for example microwave, ultraviolet, lasers, X-rays),
additional measures shall be taken to avoid malfunctioning of the equipment and accelerated
deterioration of the insulation.-A-special-agreement-can-be-necessary-between-theisupplief
bnd-the user (see Annex B)-

4.4.8 Vibration, shock, and bump

Undesirable effects of vibration, shock and bump (including those genétated by the maching
pnd its associated equipment and those created by the physical“environment) shall be
pvoided by the selection of suitable equipment, by mounting it away from the machine, or by
provision of anti-vibration mountings.-A—special-agreementcdn -benecessarybetweenthe
oo lios andtho vooe oo foanoe 2o

B.5 Transportation and storage

Flectrical equipment shall be designed to withstand, or suitable precautions shall be taken tg
protect against, the effects of transportation and"storage temperatures within a range of
-25 °C to +55 °C and for short periods not exeeeding 24 h at up to +70 °C. Suitable meang
shall be provided to prevent damage from humidity, vibration, and shock.-A-special-agreemeni

can-benecessary-between-the supplierand-the user{see-AnnexB)-
NOTE Electrical equipment susceptible to damage at low temperatures includes PVC insulated cables.
@.6 Provisions for handling

Heavy and bulky electrical equipment that has to be removed from the machine for transport,
pr that is independent of.the machine, shall be provided with suitable means for handling
ncluding where necessany means for handling by cranes or similar equipment.

5 . Incoming supply conductor terminations and devices for disconnecting and
switching off

5.1 Incoming supply conductor terminations

It is recommended that, where practicable, the electrical equipment of a machine is connected
to a single incoming supply. Where another supply is necessary for certain parts of the
equipment (for example, electronic equipment that operates at a different voltage), that supply
should be derived, as far as is practicable, from devices (for example, transformers,
converters) formlng part of the eIectncaI equment of the machme For large complex
machinery A

e#dmated—manﬂer there can be a need for more than one |ncom|ng supply dependmg upon
the site supply arrangements (see 5.3.1).



https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

- 34 - IEC 60204-1:2016 RLV © IEC 2016

Unless a plug is provided with the machine for the connection to the supply (see 5.3.2 e)), it is
recommended that the supply conductors are terminated at the supply disconnecting device.

Where a neutral conductor is used it shall be clearly indicated in the technical documentation
of the machine, such as in the installation diagram and in the circuit diagram, and a separate
insulated terminal, labelled N in accordance with 16.1, shall be provided for the neutral

conductor{see—also-Annex—B}. The neutral terminal may be provided as part of the supply
disconnecting device.

There shall be no connection between the neutral conductor and the protective bonding circuit

nside the electrical equipment-rershal-acombined-PEN-terminal-beprovided.

F-xception: a connection may be made between the neutral terminal and the PE terminal at the

point of the connection of the-pewer-supplyto-the-machinefor electrical equipmefi to a TN-G

supply systems.

For machines supplied from parallel sources, the requirements of IEC 60364-1 for multipld
source systems apply.

Al Terminals for the incoming supply connection shall be clearly identified in accordance with
EC 60445-and-—16-1. The terminal for the external protective conductor shall be identified in
pccordance with 5.2.

5.2 Terminal for connection-te of the external protective-earthingsystem conductor

FFor each incoming supply, a terminal shall be provided in the-vicinity-of the-associated-phasd

same compartment as the associated line conddctor terminals for connection of the maching

fo-the-external-protective—earthing-system—or tothe external protective conductor,—depending
Lipon-the supply distribution system.

The terminal shall be of such a size.das to enable the connection of an external protective
copper conductor with a cross-sectional area determined in relation to the size of the
pssociated line conductors in accofdance with Table 1.

Table 1 — Minimum cross-sectional area of-the-external copper protective conductors

Cross-sectional area of copperphase Minimum cross-sectional area of the
i i external corresponding protective
line conductors § copper conductor (PE) Sp
mm?2
mm?
§<16 S
16 < S <35 16
S >35 S/2
Alls 4 1 N - pu | 4 £ N H 1 Ll ila H pu | tla A H
VIITTT dll TALTTIIAl PTULTUUVT CUTTUULLUT UT a Tiiatcridl UUITT Uiall COPPYTT 1o UoTU, 1T ITTITTTTd

size and type shall be selected accordingly-{see-also-8-2-2}.

At each incoming supply point, the terminal for connection of-the-external-protective-earthing
system—or the external protective conductor shall be marked or labelled with the letters PE
(see IEC 60445).

5.3 Supply disconnecting (isolating) device
5.3.1 General

A supply disconnecting device shall be provided:
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— for each incoming-seurce-of supply to (a) machine(s);

NOTE The incoming supply can be connected directly to the-machire—or—via supply disconnecting device of
the machine or to the supply disconnecting device of a feeder system of the machine. Feeder systems of
machines can include conductor wires, conductor bars, slip-ring assemblies, flexible cable systems (reeled,
festooned) or inductive power supply systems.

— for each on-board power supply.
The supply disconnecting device shall disconnect (isolate) the electrical equipment of the

machine from the supply when required (for example for work on the machine, including the
electrical equipment).

Where two or more supply disconnecting devices are provided, protective interlocks for thein
correct operation shall also be provided in order to prevent a hazardous situation,\including
damage to the machine or to the work in progress.

b.3.2 Type

The supply disconnecting device shall be one of the following types:

p) switch-disconnector, with or without fuses, in accordance with [EC 60947-3, utilization
category AC-23B or DC-23B;

tor with or without fus
to WAoo WO UHHUS
I~

disconne
eHSGoRhRe

~

b) control and protective switching device suitable *for isolation, in accordance with
IEC 60947-6-2;

C) a circuit-breaker suitable for isolation in accerdance with IEC 60947-2;

d) any other switching device in accordancewith an IEC product standard for that device and
which meets the isolation requirements-ef lEC60947-1-as—wellas—a and the appropriatg
utilization category and/or specifiedoendurance requirements defined in the product

standard-as-apprep a or-on-load-switching-of motors-or-other-inductivele

'a
S

£) a plug/socket combination for.aiJexible cable supply.
5.3.3 Requirements

Where the supply disconnecting device is one of the types specified in 5.3.2 a) to d) it shal
fulfil all of the following'requirements:

- isolate the elegtrical equipment from the supply and have one OFF (isolated) and one
ON position-‘marked with "O" and "I" (symbols IEC 60417-5008 (2002-10) and
IEC 60417-5007 (2002-10), see 10.2.2);

- have auisible contact gap or a position indicator which cannot indicate OFF (isolated) unti
all contacts are actually open and the requirements for the isolating function have been
satisfied;

- S¢have an-external operating means (see 5.3.4){fer-example-handle){exception—power
H &l £ L Ll £ taicl L 1 L i+

‘ool L 4
TP CTTatoU OWItoTITgoar TOTUOU 1TUt DT UpPCTauic UM OUloigs 1T CIHUIUOUT o WioT o OIoT o ar o
'a

— be provided with a means permitting it to be locked in the OFF (isolated) position (for
example by padlocks). When so locked, remote as well as local closing shall be
prevented;

— disconnect all live conductors of its power supply circuit. However, for TN supply systems,
the neutral conductor may or may not be disconnected except in countries where
disconnection of the neutral conductor (when used) is compulsory;

— have a breaking capacity sufficient to interrupt the current of the largest motor when
stalled together with the sum of the normal running currents of all other motors and/er |
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other loads. The calculated breaking capacity may be reduced by the use of a proven
diversity factor. Where motor(s) are supplied by converter(s) or similar devices, the
calculation should take into account the possible effect on the required breaking capacity.

Where the supply disconnecting device is a plug/socket combination, it shall-fulfil comply with
the requirements of 13.4.5 and shall have the-switching—capability breaking capacity, or be
interlocked with a switching device that has a breaking capacity, sufficient to interrupt the
current of the largest motor when stalled together with the sum of the normal running currents
of all other motors and/er other loads. The calculated breaking capacity may be reduced by
he use of 2 proven r‘li\/nreify factor \Where the interlocked Q\A/ifr\hing device is nlnr‘frir‘all‘\l
pperated (for example a contactor) it shall have an appropriate utilisation category. Whére
motor(s) are supplied by converter(s) or similar devices, the calculation should take-intd
pccount the possible effect on the required breaking capacity.

NOTE A suitably rated plug and socket-outlet, cable coupler, or appliance coupler, in ‘accordance with
EC 60309-1 can fulfil these requirements.

Where the supply disconnecting device is a plug/socket combination, a-switching device with
an appropriate utilisation category shall be provided for switching the 'machine on and off
This can be achieved by the use of the interlocked switching device{described above.

5.3.4 Operating means of the supply disconnecting device

The operating means (for example, a handle) of the sUpply disconnecting device shall beg
pxternal to the enclosure of the electrical equipment.

Fxception: power-operated switchgear need ngt“be provided with a handle outside the
enclosure where other means (e.g. pushBdttons) are provided to open the supply
disconnecting device from outside the enclosure.

The operating means of the supply . disconnecting device shall be easily accessible and
ocated between 0,6 m and 1,9 m above the servicing level. An upper limit of 1,7 m ig
Frecommended.

NOTE The direction of operation is*given in IEC 61310-3.

Where the external opexating means is intended for emergency operation, see 10.7.3 on
10.8.3.

\Where the exterfaloperating means is not intended for emergency operations:

- it is recamimended that it be coloured BLACK or GREY (see 10.2)

- a supplementary cover or door that can be readily opened without the use of a key or too
majn-be provided, for example for protection against environmental conditions of
mechanical damage. Such a cover/door shall clearly show that it provides access to the
operating means. This can be achieved, for example, by use of the relevant symbo
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Figure 2 — Disconnector isolator
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Figure 3 — Disconnecting circuit breaker

5-3-5— EXcepted circuits
The following circuits need not be disconnected by the supply disconnecting device:

- lighting circuits for lighting needed during maintenance or repair;

- plug—and socket outlets for the exclusive connection of repair or maintenance’tools and
equipment (for example hand drills, test equipment) (see 15.1);

- undervoltage protection circuits that are only provided for automatic tripping in the event
of supply failure;

~ circuits supplying equipment that should normally remain energized for correct operation

(for example temperature controlled measuring devices,—product{work—in—progress)

heaters, program storage devices).

irouits for ina.

t is recommended, however, that such circuits be provided with their own disconnecting
device.

Control circuits supplied via another supply disconnecting device, regardless of whether thaf
disconnecting device is located in the electrical equipment or in another machine or othen
electrical equipment, need not be disconpected by the supply disconnecting device of thd
Electrical equipment.

Where-such-a excepted circuits-is areinot disconnected by the supply disconnecting device:

- permanent warning label(s)=ir—accordance—with—16-+ shall be appropriately placed in
proximity to the operating<means of the supply disconnecting device to draw attention tg
the hazard;

- a corresponding statement shall be included in the maintenance manual, and one or more
of the following shall apply:

o the-conductors are identified by colour taking into account the recommendation of
13.2.4;

o-<the excepted circuits-is are separated from other circuits;

o excepted circuits are identified by permanent warning label(s).

54 Devices for-switching-off removal of power for prevention of unexpected start-up

Devices for-switching—eff removal of power for the prevention of unexpected start-up shall be
provided where a start-up of the machine or part of the machine can create a hazard (for
example during maintenance). Such devices shall be appropriate and convenient for the
intended use, be swtably placed and readily |dent|f|able as to their function and purpose-{fer
; vy. Where their
functlon and purpose is not otherW|se obvious (e g. by thelr Iocatlon) these devices shall be
marked to indicate the extent of removal of power.

NOTE 1 This part of IEC 60204 does not address all provisions for prevention of unexpected start up. Further
information is provided in ISO 14118.
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NOTE 2 Removal of power means removal of the connection to the source of electrical energy but does not imply
isolation.

H & H | ol £ Lial al | ol Lial 1 | PR |
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The supply disconnecting device or other devices in accordance with 5.3.2 may be_usged for
prevention of unexpected start-up.

Disconnectors, withdrawable fuse links and withdrawable links may be used for protection of
unexpected start-up only if they are located in an enclosed electrical operating area (se¢
3.1.23).

PDevices that do not fulfil the isolation function (for example a contactor switched off by &
control circuit, or Power Drive System (PDS) with a Safe Tarqde Off (STO) function in

pccordance with IEC 61800-5-2) may only be—provided—whére—intended—to—be used foi
Situations-that-include used for prevention of unexpected starf~p during tasks such as:

- inspections;

- adjustments;

- work on the electrical equipment where:

e there is no hazard arising from electric_ shock (see Clause 6) and burn;

e the switching off means remains effective throughout the work;

e the work is of a minor nature (for example, replacement of plug-in devices without
disturbing existing wiring).

NOTE2 The selection of a device will be dependent on the risk assessment, taking intg

account the intended use of the dewce,ﬁfepexampie%heAﬁ&eﬁmseeﬂneeteFS—wwh{#awable

y
us links—or—withdrawablel links—located enclos Nna—areas—can—b
H VHARGH rocatea }SHOS Rg—afeas—CEah—>oEg

ele
ﬂappmppia%e—ﬁer—use—by—eleawﬁs—(-seeAJ—.Q—b-)%-} and the persons ho are intended to

pperate them.

5.5 Devices for-disconnecting isolating electrical equipment

Pevices shall\be provided for isolating (disconnecting) the electrical equipment or part(s) of
the electrical equipment to enable work to be carried out when it is de-energised and isolated
Such devices shall be:

- /appropriate and convenient for the intended use;

talal l <l
SUitavury pravcu,

— readily |dent|f|able as to which part(s) or circuit(s) of the equipment is served-(ferexample

. Where their function and

purpose is not otherwise obvious (e.g. by thelr location) these dewces shall be marked to
indicate the extent of the equipment that they isolate.

The supply disconnecting device (see 5.3) may, in some cases, fulfil that function. However,
where it is necessary to work on individual parts of the electrical equipment of a machine, or
on one of-a—number—of the machines fed by a common conductor bar, conductor wire or
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inductive power supply system, a disconnecting device shall be provided for each part, or for
each machine, requiring separate isolation.

In addition to the supply disconnecting device, the following devices that fulfil the isolation
function may be provided for this purpose:

— devices described in 5.3.2;

— disconnectors, withdrawable fuse links and withdrawable links only if located in an
enclosed electrical operating area (see 3.1.23) and relevant information is provided with |
the electrical equipment (see Clause 17).

5.6 Protection against unauthorized, inadvertent and/or mistaken connetction

Where the devices described in 5.4 and 5.5 are located outside an enclosed electrica
pperating area they shall be equipped with means to secure them jn the OFF position
disconnected state), (for example by provisions for padlocking, trapged key interlocking).
When so secured, remote as well as local reconnection shall be prevented.

N&hd;&\wableuhnks} the dewces descnbed in 5.4 and 5.5 \are Iocated |n5|de an enclosed
electrical operating area other means of protection against.reconnection (for example warning

abels)-may-be-provided can be sufficient.

However, when a plug/socket combination according to 5.3.2 €) is so positioned that it can be
kept under the immediate supervision of the perseon carrying out the work, means for securing
n the disconnected state need not be provided.

6 Protection against electric shock

6.1 General
The electrical equipment shall\provide protection of persons against electric shock-frem by:

- direct-contact basic protection (see 6.2 and 6.4), and;
- indirectcontact fault protection (see 6.3 and 6.4).

The measures faor)protection given in 6.2, 6.3, and, for PELV, in 6.4, are a-recommended
selection from YEC 60364-4-41. Where those-recommended measures are not practicable, for
pxample duelto the physical or operational conditions, other measures from IEC 60364-4-41
may be used (e.g. SELV).

B.2 Basic protection-against-directcontaet
6-2-+—Generat

For each circuit or part of the electrical equipment, the measures of either 6.2.2 or 6.2.3 and,
where applicable, 6.2.4 shall be applied.

Exception: where those measures are not appropriate, other measures for basic protection ‘
against-directcontact (for example by using barriers, by placing out of reach, using obstacles,
using construction or installation techniques that prevent access) as defined in IEC 60364-4-
41 may be applied (see also 6.2.5 and 6.2.6).

Where the equipment is located in places open to all persons, which can include children,
measures of either 6.2.2 with a minimum degree of protection against-direct contact with live
parts corresponding to IP4X or IPXXD (see IEC 60529), or 6.2.3 shall be applied.
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6.2.2 Protection by enclosures

Live parts shall be located inside enclosures that-ceonform—to-the relevantrequirements—of
Clauses4—11,—-and-14-and-that provide protection against-direct contact with live parts of at

least IP2X or IPXXB (see IEC 60529).

Where the top surfaces of the enclosure are readily accessible, the minimum degree of
protection against-direct contact with live parts provided by the top surfaces shall be IP4X or
IPXXD.

Opening an enclosure (i.e. opening doors, lids, covers, and the like) shall be possible_onty
under one of the following conditions:

p) The use of a key or tool is necessary for access.-Forenclosed-elecirical-operating areas)
NOTE 1 The use of a key or tool is intended to restrict access to skilled or instructed persons-(see 17.2 f)).

All live parts, (including those on the inside of doors) that are likely toCbe touched when
resetting or adjusting devices intended for such operations while the equipment is stil
connected, shall be protected against-direct contact to at least IR2X or IPXXB. Other live
parts on the inside of doors shall be protected against unintentional direct contact to af
least IP1X or IPXXA.

b) The disconnection of live parts inside the enclosure before-the enclosure can be opened.

This may be accomplished by interlocking the door with a disconnecting device (fon
example, the supply disconnecting device) so that,thé/door can only be opened when the
disconnecting device is open and so that the disconnecting device can only be closed
when the door is closed.

Exception: a-special-device key or tool as prescribed by the supplier can be used to defeat
the interlock provided that the following canditions are met:

— it is possible at all times while thevinterlock is defeated to open the disconnecting
device and lock the disconnecting“device in the OFF (isolated) position or otherwise
prevent unauthorised closure of the disconnecting device;

— upon closing the door, the interlock is automatically restored;

— all live parts, (includingthose on the inside of doors) that are likely to be touched when
resetting or adjusting.devices intended for such operations while the equipment is stil
connected, are protected against-direct unintentional contact with live parts to at least
IP2X or IPXXB and other live parts on the inside of doors are protected against-direc
unintentionakcontact to at least IP1X or IPXXA;

— relevant information about the procedures for the defeat of the interlock is provided
with thelinstructions for use of the electrical equipment (see Clause 17).

— «means-shal-be are provided to restrict access to live parts behind doors that are nof
directly interlocked with the disconnecting means to skilled or instructed persons. (See
17.2 b)).

All parts that are still live after switching off the disconnecting device(s) (see 5.3.5) shall
be protected against direct contact to at least IP2X or IPXXB (see IEC 60529). Such parts
shall be marked with a warning sign in accordance with 16.2.1 (see also 13.2.4 for
identification of conductors by colour), except for:

Beeepted—#em—tms—mqw%emem—fepnmmg—a%e—' j j :
— parts that can be live only because of connection to interlocking circuits and that are
distinguished by colour as potentially live in accordance with 13.2.4;

— the supply terminals of the supply disconnecting device when the latter is mounted
alone in a separate enclosure.
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c) Opening without the use of a key or a tool and without disconnection of live parts shall be
possible only when all live parts are protected against-direst contact to at least IP2X or |
IPXXB (see IEC 60529). Where barriers provide this protection, either they shall require a
tool for their removal or all live parts protected by them shall be automatically
disconnected when the barrier is removed.

NOTE 32 Where protection against-direct contact is achieved in accordance with 6.2.2 c), |
and a hazard can be caused by manual actuation of devices (for example manual closing
of contactors or relays), such actuation should be prevented by barriers or obstacles that
require a tool for their removal.

6.2.3 Protection by insulation of live parts

| ive parts protected by insulation shall be completely covered with insulation that can-only be
removed by destruction. Such insulation shall be capable of withstanding the mechanical,
chemical, electrical, and thermal stresses to which it can be subjected under normal’operating
conditions.

NOTE Paints, varnishes, lacquers, and similar products alone are generally considered“to be inadequate fof
protection against electric shock under normal operating conditions.

6.2.4 Protection against residual voltages

| ive parts having a residual voltage greater than 60 V-after~when the supply-has—been i
disconnected shall be discharged to 60V or less withifh a time period of 5 s—afted
Hisconnection-of-the-supply-voltage provided that this rate ‘ofidischarge does not interfere with
the proper functioning of the equipment. Exempted from this requirement are componentg
having a stored charge of 60 uC or less. Where #this specified rate of discharge would
nterfere with the proper functioning of the equipment, a durable warning notice drawing
pttention to the hazard and stating the delay required before the enclosure may be opened
shall be displayed at an easily visible location{on or immediately adjacent to the enclosure

that contains the-capacitances live parts.

n the case of plugs or similar devices, the withdrawal of which results in the exposure of
conductors (for example pins), the_discharge time to 60 V shall not exceed 1 s, otherwise
such conductors shall be protected<against-directcontact to at least IP2X or IPXXB. If neithen
p discharge time of 1 s nor a. protection of at least IP2X or IPXXB can be achieved (for
example in the case of removable collectors on conductor wires, conductor bars, or slip-ring
assemblles see 12.7. 4) addltlonal SW|tch|ng devices or an approprlate warning-device—{fo4

W b , for example a warning
S|gn drawmg attention to the hazard and statlng the delay requwed shaII be provided. When
the equipment is lgCated in places open to all persons, which can include children, warnings
pre not sufficient and therefore a minimum degree of protection against contact with live partg
fo IP4X or IPXXD is required.

NOTE Fregdehcy converters and DC bus supplies could have typically a longer discharge time than 5 s.
6.2.5 Protection by barriers

or'protection by barriers, the requirements of IEC 60364-4-41 shall apply

6.2.6 Protection by placing out of reach or protection by obstacles

For protection by placing out of reach, the requirements of IEC 60364-4-41 shall apply. For
protection by obstacles, the requirements of IEC 60364-4-41 shall apply.

For conductor wire systems or conductor bar systems with a degree of protection less than
IP2X or IPXXB, see 12.7.1.
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‘ 6.3 Fault protection-against-indirect-contact
6.3.1 General

| Fault protection—againstindirectecontact (3.31) is intended to prevent hazardous situations
due to an insulation fault between live parts and exposed conductive parts.

For each circuit or part of the electrical equipment, at least one of the measures in
accordance with 6.3.2 to 6.3.3 shall be applied:

- measures to prevent the occurrence of a touch voltage (6.3.2); or

- automatic disconnection of the supply before the time of contact with a touch voltage can
become hazardous (6.3.3).

NOTE 1 The risk of harmful physiological effects from a touch voltage depends on the value of the‘\teuch voltags
bnd the duration of possible exposure.

NOTE 2 IEC 61140 provides information about classes of equipment and protective provisians.
6.3.2 Prevention of the occurrence of a touch voltage

6.3.2.1 General

Measures to prevent the occurrence of a touch voltage include(the following:

- provision of class Il equipment or by equivalent insulatien;
- electrical separation.

6.3.2.2 Protection by provision of class Il equipment or by equivalent insulation

This measure is intended to prevent the occurrence of touch voltages on the accessible partg
through a fault in the basic insulation.

This protection is provided by one or miere of the following:

- class |l electrical devices orsapparatus (double insulation, reinforced insulation or by
equivalent insulation in accerdance with IEC 61140);

- switchgear and controlgear assemblies having total insulation in accordance
with IEC-68439-4 6143941;

- supplementary or reinforced insulation in accordance with IEC 60364-4-41.
6.3.2.3 Protection by electrical separation

Flectrical separation of an individual circuit is intended to prevent a touch voltage through
contact with-exposed conductive parts that can be energized by a fault in the basic insulation|
pf the live)parts of that circuit.

F-orthis type of protection, the requirements of IEC 60364-4-41 apply.

6.3.3 Protection by automatic disconnection of supply

Automatic disconnection of the supply of any circuit affected by an insulation fault is intended
to prevent a hazardous situation resulting from a touch voltage.

This measure consists of the interruption of one or more of the line conductors by the
automatic operation of a protective device in case of a fault. This interruption shall occur
within a sufficiently short time to limit the duration of a touch voltage to a time within-which-the
touch—voltage—is—not-hazardous the limits specified in Annex A for TN and TT systems.
Interruption times are given-in-Annex A.

This measure necessitates co-ordination between:
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— the type of supply system, the supply source impedance and the earthing system;

— the impedance values of the different elements of the line and of the associated fault
current paths through the protective bonding-system circuit;

— the characteristics of the protective devices that detect insulation fault(s).

NOTE 1 Details of verification of conditions for protection by automatic disconnection of supply are provided
in 18.2.

This protective measure comprises both:

- protective bonding of exposed conductive parts (see 8.2.3),
- and one of the following:
a) In TN systems, the following protective devices may be used:

e overcurrent protective devices—fer-the—automatic—disconnection—of the‘supphron

e residual current protective devices (RCDs) and associated oyvergurrent protective
device(s).
NOTE 2 The preventive maintenance can be enhanced by use of a residlral current monitoring device
RCM, complying with IEC 62020.
b) in TT systems, either:

e RCDs and associated overcurrent protective device(s) to initiate the automatic
disconnection of the supply on detection of an\insulation fault from a live part to

exposed conductive parts or to earth-inFFsystes, or

e overcurrent protective devices may be used for fault protection provided a suitably
low value of the fault loop impedance/Zs (see A.2.2.3) is permanently and reliably
assured;

NOTE 3 The preventive maintenance can,beNenhanced by use of a residual current monitoring device
RCM, complying with IEC 62020.

In IT systems th€ relevant requirements of IEC 60364-4-41 shall be fulfilled. During an
insulation fault, an acoustic and optical signal shall be sustained. After annunciation,
the acoustigisignal may then be manually muted. This can require an agreement
between.the supplier and user regarding the provision of insulation monitoring devices
and/or_insulation fault location system(s).

NOFE'4* In large machines, the provision of an-earth insulation fault location system (IFLS) in accordancs
withlEC 61557-9 can facilitate maintenance.

Wheresautomatic disconnection is provided in accordance with a), and disconnection within
the-time specified in A.1.1 cannot be assured, supplementary protective bonding shall be

rovided -as necessarvtomeetthe raauiraments of A 1 3
FoHGea—ash o1 +—RetegUHeiReht Ao

Where a power drive system (PDS) is provided, fault protection shall be provided for those
circuits of the power drive system that are supplied by the converter. Where this protection is
not provided within the converter, the necessary protection measures shall be in accordance
with the converter manufacturer’s instructions.

6.4 Protection by the use of PELV
6.4.1 General requirements

The use of PELV (Protective Extra-Low Voltage) is to protect persons against electric shock
from indirect contact and limited area direct contact (see 8.2.1).
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PELYV circuits shall satisfy all of the following conditions:

a) the nominal voltage shall not exceed:

e 25V AC r.m.s. or 60 V ripple-free DC when the equipment is normally used in dry
locations and when large area contact of live parts with the human body is not
expected; or

e 6V ACTI.m.s.or 15V ripple-free DC in all other cases;

NOTE "Ripple-free" is conventionally defined for a sinusoidal ripple voltage as a ripple content of not more
than 10 % r.m.s.

b) one side of the circuit or one point of the source of the supply of that circuit shall“be
connected to the protective bonding circuit;

c) live parts of PELV circuits shall be electrically separated from other live circuits-Electrica
separation shall be not less than that required between the primary and secondaty circuits
of a safety isolating transformer (see IEC 61558-1 and IEC 61558-2-6 );

d) conductors of each PELV circuit shall be physically separated from™ those of any
other circuit. When this requirement is impracticable, the insulation cprovisions of 13.1.3
shall apply;

e) plugs and socket-outlets for a PELV circuit shall conform to the following:
e plugs shall not be able to enter socket-outlets of other voltage systems;

e socket-outlets shall not admit plugs of other voltage, systems.
6.4.2 Sources for PELV
The source for PELV shall be one of the following:

- a safety isolating transformer in accordancéwith IEC 61558-1 and IEC 61558-2-6;

- a source of current providing a degree.of 'safety equivalent to that of the safety isolating
transformer (for example a motor generator with winding providing equivalent isolation);

- an electrochemical source (for example a battery) or another source independent of g
higher voltage circuit (for examplea diesel-driven generator);

- an electronic power supply conforming to appropriate standards specifying measures to be
taken to ensure that, even-in the case of an internal fault, the voltage at the outgoing
terminals cannot exceed\the values specified in 6.4.1.

7 Protection of equipment

7.1 General
This Clause~7 details the measures to be taken to protect equipment against the effects of:

- overcurrent arising from a short-circuit;

—._{overload and/or loss of cooling of motors;

— abnormal temperature;

— loss of or reduction in the supply voltage;
— overspeed of machines/machine elements;
— earth fault/residual current;

— incorrect phase sequence;

— overvoltage due to lightning and switching surges.
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7.2 Overcurrent protection
7.21 General

Overcurrent protection shall be provided where the current in—a—machine any circuit can
exceed either the rating of any component or the current carrying capacity of the conductors,
whichever is the lesser value. The ratings or settings to be selected are detailed in 7.2.10.

7.2.2 Supply conductors

Unless otherwise specified by the user, the supplier of the electrical equipment is nof
responsible for providing the supply conductors and the overcurrent protective device for, the

supply conductors to the electrical equipment-{see-Annex-B).

The supplier of the electrical equipment shall state-en in the installation-diagram documentg
the data necessary for conductor dimensioning (including the maximum cross-sectional ared
pf the supply conductor that can be connected to the terminals of the electrical equipment
and for selecting the overcurrent protective device (see 7.2.10 and 17).

7.2.3 Power circuits

Devices for detection and interruption of overcurrent, selected in accordance with 7.2.10,
shall be applied to each live conductor including circuits suppfying control circuit transformers.

The following conductors, as applicable, shall not be disconnected without disconnecting al
pssociated live conductors:

- the neutral conductor of AC power circuits;
- the earthed conductor of DC power circuits;
- DC power conductors bonded to exposéd-conductive parts of mobile machines.

Where the cross-sectional area of the<neutral conductor is at least equal to or equivalent tg
that of the-phase line conductors, itlis not necessary to provide overcurrent detection for the
heutral conductor nor a disconnecting device for that conductor. For a neutral conductor with
A cross-sectional area smaller than that of the associated—phase line conductors, the
measures detailed in 524 of IEC 60364-5-52:2009 shall apply.

n IT systems, it is recommended that the neutral conductor is not used. However, where 3
heutral conductor is used, the measures detailed in 431.2.2 of IEC 60364-4-43:2008 shal

apply.
7.2.4 Control circuits
Conductors of control circuits directly connected to the supply voltage—and—of—circuitd

Supplyiig—controlcircuit-transformers shall be protected against overcurrent in accordance
with\7.2.3.

Conductors of control circuits supplied by a-centrelcireuit transformer or DC supply shall be
protected against overcurrent (see also 9.4.3.1.1):

— in control circuits connected to the protective bonding circuit, by inserting an overcurrent
protective device into the switched conductor;

— in control circuits not connected to the protective bonding circuit;

e where the same cross sectional area conductors are used in-all control circuits all
control circuits of the equipment have the same current carrying capacity, by inserting
an overcurrent protective device into the switched conductor,-ard or;

o where different—cross—sectional-areas—conductors—are—used-in—different-sub-circuits
control circuits of the equipment have different current carrying capacity, by inserting
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an overcurrent protective device into both switched and common conductors of each
sub-control circuit.

Exception: Where the supply unit provides current limiting below the current carrying capacity
of the conductors in a circuit and below the current rating of connected components, no
separate overcurrent protective device is required.

7.2.5 Socket outlets and their associated conductors

Overcurrent protection shall be provided for the circuits feeding the general purpose socket
uttets—imtended—primmarity for —supplyimg—power to TITaiTTtenance  equipment, OVETTUTTEN
protective devices shall be provided in the unearthed live conductors of each circuit feeding
such socket outlets. See also 15.1.

7.2.6 Lighting circuits

All unearthed conductors of circuits supplying lighting shall be protected against.the effects of
short-circuits by the provision of overcurrent devices separate from those ‘protecting othen
circuits.

7.2.7 Transformers

Transformers shall be protected-against by an overcurrent proteCtive device having a type and
Setting in accordance with the transformer manufacturer’s instructions. Such protection shal
see also 7.2.10):

- avoid nuisance tripping due to transformer magnetizing inrush currents;

- avoid a winding temperature rise in excess of ¢he permitted value for the insulation clasg
of transformer when it is subjected to thel effects of a short-circuit at its secondary
terminals.

Thae tvne and settin
He—type—aha—SettH

7.2.8 Location of overcurrent protective devices

An overcurrent protective device shall be located at the point where a reduction in the cross-
Sectional area of the conduétors or another change reduces the current-carrying capacity of
the conductors, except where all the following conditions are satisfied:

- the current carrying capacity of the conductors is at least equal to that of the load;

- the part of thé ¢onductor(s) between the point of reduction of current-carrying capacity and
the position.of the overcurrent protective device is no longer than 3 m;

- the conductors are installed in such a manner as to reduce the possibility of a short{
circuity for example, protected by an enclosure or duct.

7.2.9 Overcurrent protective devices

aball kb o 1

ratad o

Hre—rated—short-eiretit—breakdng—eapacity—shat—be—atteast—equal—teo—the—prospectve—faul
current at the point of installation. Where the short-circuit current to an overcurrent protective
device can include additional currents other than from the supply (for example from motors,
from power factor correction capacitors), those currents shall be taken into consideration.
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NOTE Information on co-ordination under short-circuit conditions between a circuit-breaker and another short-
circuit protective device is provided in Annex A of IEC 60947-2:2006, IEC 60947-2:2006/AMD1:2009 and
IEC 60947-2:2006/AMD2:2013.

Where fuses are provided as overcurrent protective devices, a type readily available in the
country of use shall be selected, or arrangements shall be made for the supply of spare parts.

2 5 40 Rati I . ‘ iredevi

The rated current of fuses or the setting current of other overcurrent protective devicescshal
be selected as low as possible but adequate for the anticipated overcurrents (for example
during starting of motors or energizing of transformers). When selecting those.protective
devices, consideration shall be given to the protection of switching devices against damage

due to overcurrents-(for example welding of the switching device contacts).

The rated current or setting of an overcurrent protective device for conductors is determined
by the current carrying capacity of the conductors to be protected in aceordance with 12.4,
Clause D.3 and the maximum allowable interrupting time ¢ in accordance with Clause D.4,
faking into account the needs of co-ordination with other electricalkdevices in the protected
circuit.

7.3 Protection of motors against overheating
7.3.1 General

Protection of motors against overheating shall be-provided for each motor rated at more than|
0,5 kW.

Fxception: In applications where an automatic interruption of the motor operation ig
unacceptable (for example fire pumps),thé means of detection shall give a warning signal tg
which the operator can respond.

Protection of motors against overhéating can be achieved by:

- overload protection (7.3.2),

NOTE 1 Overload protective devices detect the time and current relationships (/2¢) in a circuit that are in
excess of the rated full load of the circuit and initiate appropriate control responses.

- over-temperature protection (7.3.3), or

NOTE 2 Temperature detection devices sense over-temperature and initiate appropriate control responses.
- currentslimiting protection{(7-3-4).
Automatic restarting of any motor after the operation of protection against overheating shal

be prevented where this can cause a hazardous situation or damage to the machine or to the
WOk in progress.

7.3.2 Overload protection

Where overload protection is provided, detection of overload(s) shall be provided in each live
conductor except for the neutral conductor.

However, where the motor overload detectlon |s not used for cable overload protectlon (see
also Clause D.2), .
the—user—ésee—eﬂse—AJFmex—B) detectlon of overload may be omltted in one of the I|ve
conductors. For motors having single-phase or DC power supplies, detection in only one
unearthed live conductor is permitted.
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Where overload protection is achieved by switching off, the switching device shall switch off
all live conductors. The switching of the neutral conductor is not necessary for overload
protection.

Where motors with special duty ratings are required to start or to brake frequently (for
example, motors for rapid traverse, locking, rapid reversal, sensitive drilling) it can be difficult
to provide overload protection with a time constant comparable with that of the winding to be
protected. Appropriate protective devices designed to accommodate special duty motors or
over-temperature protection (see 7.3.3) can be necessary.

FFor motors that cannot be overloaded (for example torque motors, motion drives that eithen
are protected by mechanical overload protection devices or are adequately dimensioned),
pverload protection is not required.

7.3.3 Over-temperature protection

The provision of motors with over-temperature protection in accordance with {EC 60034-11 is
recommended in situations where the cooling can be impaired (for example dusty
environments). Depending upon the type of motor, protection under stalled rotor or loss of
phase conditions is not always ensured by over-temperature protection, and additiona
protection should then be provided.

Over-temperature protection is also recommended for motors-that cannot be overloaded (fon
example torque motors, motion drives that are eithep protected by mechanical overload
protection devices or are adequately dimensioned), where the possibility of over-temperature
pxists (for example due to reduced cooling).

AN hara rotection—aaainst the effects of dvarheatina—in three nhase motors—is achieved by
vrere—+rotecton—agatist—ne—eHectSor—-oyemeatihgHh—mfreepnasSe—MmMotorsisacHevea—-o
urrent limitationthe number of currentdimitation devices mav be reduced from 3 to 2 (se
et oh e Rumoel— o cuHertiitiatHoR—GevHeCeSMay-De e cuceCHOM S t0L{SE4
7 3 2\ For motors avina sinala nhadavd o ar d ¢ nowar sunnlies  currant limitation in anh
—o)— o ROooS/avHRgSRge pPRasSE€a-C OG- C—pOowerSuppHeS——Ccuie RtHRadoR—1H—O0y
asistance heatina or eother circuits that ara ecanable of attainina_or causina—_abnorma
eSIStaRce—Meating— oo/ e —CHCUS—tat—are—GCapanvie o atxaiHRg—or—GCausSiRg—aohRoina
amneratures (for exanmdnla due to short-time ratina or loss of coolinamedium) and therefor
emperatudres{irorexafipe—cdetosor-dmeR_tHhg-o—0SS o cooHRgMmeaidi)ahctheretors
an pfAaljea A Aazardance citiiatinn _chall ha nrovided with cuitahla datactinon tn initiata A
aH—CadsSeaaZAataous—Shiuatoh—Sianr——mePproviGec—wWiHn—Suiiabe—Getectontoihtate =t

Fquipment shall"be protected against abnormal temperatures that can result in a hazardoug
Situation.

7.5 Protection against the effects of supply interruption or voltage reduction and
subsequent restoration

Where a supply interruption or a voltage reduction can cause a hazardous situation, damage
to the machine, or to the work in progress, undervoltage protection shall be provided by, for
example, switching off the machine at a predetermined voltage level.

Where the operation of the machine can allow for an interruption or a reduction of the voltage
for a short time period, delayed undervoltage protection may be provided. The operation of
the undervoltage device shall not impair the operation of any stopping control of the machine.

Upon restoration of the voltage or upon switching on the incoming supply, automatic or
unexpected restarting of the machine shall be prevented where such a restart can cause a
hazardous situation.
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Where only a part of the machine or of the group of machines working together in a co-
ordinated manner is affected by the voltage reduction or supply interruption, the undervoltage
protection shall initiate appropriate control-respenses commands to ensure co-ordination.

7.6 Motor overspeed protection

Overspeed protection shall be provided where overspeeding can occur and could possibly
cause a hazardous situation taking into account measures in accordance with 9.3.2.
Overspeed protection shall initiate appropriate control responses and shall prevent automatic
Estarting:

The overspeed protection should operate in such a manner that the mechanical speed dimit of
the motor or its load is not exceeded.

NOTE This protection can consist, for example, of a centrifugal switch or speed limit monitor.
7.7 Additional earth fault/residual current protection

n addition to providing overcurrent protection for automatic disconnectign-as described in 6.3,
parth fault/residual current protection can be provided to reduce damage to equipment due tg
parth fault currents less than the detection level of the overcurrent.protection.

The setting of the devices shall be as low as possible consistent with correct operation of the
equipment.

f fault currents with DC components are possible,c@n RCD of type B in accordance with
EC TR 60755 can be required.

7.8 Phase sequence protection

Where an incorrect phase sequence of the supply voltage can cause a hazardous situation on
damage to the machine, protection shallbe provided.

NOTE Conditions of use that can lead towan incorrect phase sequence include:
- a machine transferred fromxone supply to another;
- a mobile machine with.a.facility for connection to an external power supply.

7.9 Protection against overvoltages due to lightning and to switching surges

Surge protective )devices (SPDs) can be provided to protect against the effects of
pvervoltages due' to lightning or to switching surges.

Where provided:

- deyices SPDs for the suppression of overvoltages due to lightning shall be connected tg
the incoming terminals of the supply disconnecting device.

— devices SPDs for the suppression of overvoltages due to switching surges shall be
connected—across—the—terminals—of—all as necessary for equipment requiring such
protection.

NOTE 1 Information about the correct selection and installation of SPDs is given for example in IEC 60364-4-44,
IEC 60364-5-53, IEC 61643-12, IEC 62305-1 and IEC 62305-4.

NOTE 2 Equipotential bonding of the machine, its electrical equipment and extraneous-conductive-parts to a
common bonding network of the building/site can help mitigate electromagnetic interference, including the effects
of lightning, on the equipment.
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710 Short-circuit current rating

The short-circuit current rating of the electrical equipment shall be determined. This can be
done by the application of design rules or by calculation or by test.

NOTE The short-circuit current rating may be determined, for example, in accordance with IEC 61439-1,
IEC 60909-0, IEC/TR 60909-1, or IEC/TR 61912-1.

8 Equipotential bonding

8.1 General

This Clause 8 provides requirements for—beth protective bonding and functional -bonding.
FFigure 4 illustrates those concepts.

Protective bonding is a basic provision for fault protection to enable protection of persons
pgainst electric shock-from-indirectcontact (see 6.3.3 and 8.2).

The objective of functional bonding (see 8.4) is to-minimize reduce:

- the consequence of an insulatio
f

- electrical disturbances to sensitive electrical equipmeni which could affect the operation of
the machine;

- induced currents from lightning which could dafrage the electric equipment.

Normally Functional bonding is achieved by.connection to the protective bonding circuit, but
where the level of electrical disturbances ©nythe protective bonding circuit is not sufficiently
ow for proper functlonmg of electr|cal equment |t—m-ay can be necessary to—eenaeet—the
us¢g

separate conductors for protectwe and functlonal bondlng
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Protective QQ}Qing circuit:
(1) Interconnection of protective conductor(§hand the PE terminal
(2) Connection of exposed conductive pafts
(3) Protective conductor connected tq an'electrical equipment mounting plate used as a protective

conductor

4)

Connection of conductive strystural parts of the electrical equipment

()

Conductive structural parts)of the machine

Parts connected to the pfo(ﬁ‘ie{ive bonding circuit which are not to be used as protective conductor:

(6) Metal ducts of flexible or rigid construction
(7) Metallic cable sheaths or armouring
(8) Metallic pipes containing flammable materials
(9) Extragéqus-conductive-parts, if earthed independently from the power supply of the machine and
liable to’introduce a potential, generally the earth potential, (see 17.2 d)), e.g.:
metallic pipes,
fences,
ladders,
handrails.
<+ Hextbte-orphabte-metat-conduits
(11) Protective bonding of support wires, cables tray and cable ladders
Connections to the protective bonding circuit for functional reasons:
(12) Functional bonding
Legend to reference designations:
T1 Auxiliary transformer
U1 Mounting plate of electrical equipment

Figure 4 — Example of equipotential bonding
for electrical equipment of a machine
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8.2 Protective bonding circuit
8.2.1 General
The protective bonding circuit consists of the interconnection of:

e PE terminal(s) (see 5.2);

e the protective conductors (see 3.1.51) in the equipment of the machine including sliding |
contacts where they are part of the circuit;

o the conductive structural parts and exposed conductive parts of the electrical equipment;

Exception: see 8.2.5.

o conductive structural parts of the machine.

All parts of the protective bonding circuit shall be so designed that they:are capable of
withstanding the highest thermal and mechanical stresses that can be caused by earth-fault
currents that could flow in that part of the protective bonding circuit.

Mhare the conductance of structural narte of the electrical eanmment or of the machine ig
werethe—-cohcdcahce o Stiuctiia+—paits o e e ectHca—egaipment—-—or—or—menacHhe
ass than that of the semallest nrotective conductor connected toa tHe aexnosed conductive narts
€SSttt gt o tme-SManesStProtecihVe-CoRGUGCIOCoORREeCte GAOINEe eXPOSe - CoONGUCHVe PalsS
sunplementarv bondinaconductor shall be nrovided- T his-stiHnlementarvy bondina-conducton
Supptrementary-oboRaig-coRauctor——Shat—bepProviaea—Hs-StppremetaryoboRaiRg-cohaudctof
all ave g cross-sectional - area not less than half that! of the corresnondina-—nprotectiv
Sah—haVe—a—6Fos§S-sectHohai—afrea—hot—1esSthiait—aH—#ar—orthe—GcorHespohaiRg—protectHvg

onductive-structural narts of eauinmentinaccordance with 63 2 2 nacad not be-connected-t
oRadcth/e-sStHdctiiapaHsS-otegtHpmenRtii-accoraahce - Whhoo-heeahotbe-cohRhectea—+t
a nrotective hondina circuit  Extranaaite conductive narts which form the structure of t

He—protectveooRGgCHctHE—EXIaReouSConRauctvepPatSs—wWHHCHToHm—e—SHuUcture—Oo+—e
achina naad not he connectaed to 4he nrotective hondina circuit whara 3ll the aauinmen
achRe+hReethRot—oDeLcohRectectomeprotectiivye—ooRGiRgcircuit—AMRere a—me—equipmen

The cross-sectional area of ey€ry protective conductor which does not form part of a cable of
which is not in a common encldsure with the line conductor shall be not less than

— 2,5mm2 Cu or 18¥nm?2 Al if protection against mechanical damage is provided,

— 4 mm?2 Cu or,16.mm?2 Al if protection against mechanical damage is not provided.
NOTE The use of steel’for a protective conductor is not excluded.

A protective.gonductor not forming part of a cable is considered to be mechanically protected
f it is instaMted in a conduit, trunking or protected in a similar way. Conductive structural parts
pf equipment in accordance with 6.3.2.2 need not be connected to the protective bonding
circuit\,Conductive structural parts of the machine need not be connected to the protective
bafding circuit where all the equipment provided is in accordance with 6.3.2.2.

Exposed conductive parts of equipment in accordance with 6.3.2.3 shall not be connected to
the protective bonding circuit.

It is not necessary to connect exposed conductive parts to the protective bonding circuit
where those parts are mounted so that they do not constitute a hazard because:

— they cannot be touched on large surfaces or grasped with the hand and they are small in
size (less than approximately 50 mm x 50 mm); or

— they are located so that either contact with live parts, or an insulation failure, is unlikely.
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This applies to small parts such as screws, rivets, and nameplates and to parts inside an
enclosure, irrespective of their size (for example electromagnets of contactors or relays and

mechanical parts of devices)-{see-also-410-3-3-5-0f HEC60364-4-41).

8.2.2 Protective conductors

Protective conductors shall be identified in accordance with 13.2.2.

Copper conductors are preferred. Where a conductor material other than copper is used, its
electrical resistance per unit length shall not exceed that of the allowable copper conducton
and such conductors shall be not less than 16 mm2 in cross-sectional area for reasons. of
mechanical durability.

Metal enclosures or frames or mounting plates of electrical equipment, connected to thd
protective bonding circuit, may be used as protective conductors if they satisfyrdhe following
three requirements:

o their electrical continuity shall be assured by construction or by suitable connection so ag
to ensure protection against mechanical, chemical or electrochemijcatdeterioration;

o they comply with the requirements of 543.1 of IEC 60364-5-54:201;

o they shall permit the connection of other protective condugctors at every predetermined
tap-off point.

The cross-sectional area of protective conductors shall either be—determined calculatedin
accordance with—the—regquirements—of 543.1.2 of IEC 60364-5-54:2011—and—7-4-3-4+-7—of
|EC 60439-1,—as—appropriate, or selected in accordance with Table 1 (see 5.2). See alsg
8.2.6. and 17.2 (d) of this document.

Fach protective conductor shalf:

o be part of a multicofe cable, or;

b be in a common‘enclosure with the line conductor, or;

b have a cross<sectional area of at least;

e 2,5 mm2 8u or 16 mm2 Al if protection against mechanical damage is provided;

o 4 mmaCU or 16 mm?2 Al if protection against mechanical damage is not provided.

NOTE~1\ The use of steel for a protective conductor is not excluded.

A protective conductor not forming part of a cable is considered to be mechanically protected
if it is installed in a conduit, trunking or protected in a similar way.

The following parts of the machine and its electrical equipment shall be connected to the
protective bonding circuit but shall not be used as protective conductors:

e conductive structural parts of the machine;

e metal ducts of flexible or rigid construction;

e metallic cable sheaths or armouring;

e metallic pipes containing flammable materials such as gases, liquids, powder.

o flexible or pliable metal conduits;
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e constructional parts subject to mechanical stress in normal service;

o flexible metal parts; support wires; cable trays and cable ladders.

NOTE 2 Information on cathodic protection is provided in 542.2.5 and 542.2.6 of IEC 60364-5-54:2011.

8.2.3 Continuity of the protective bonding circuit

Where a part is removed for any reason (for example routine maintenance), the protective
bonding circuit for the remaining parts shall not be interrupted.

Connection and bonding points shall be so designed that their current-carryingycapacity is not
mpaired by mechanical, chemical, or electrochemical influences. Whete) ‘enclosures and
conductors of aluminium or aluminium alloys are used, particular consideration should be
given to the possibility of electrolytic corrosion.

Natal ducte of flevible or riaid construction-and metallic eahla cahgaathe chall nat ha 11cad 3
vieta—Gucts—ot+tHexioreorHgia—-cohRstrdctHon—aRc—metaHccadieSheatnsS—sShah—hRotbedUseaa
rotective—conductors lavertheless sue metal ducts apnd\the metal sheathina of 3l
Fotecthve—cohRauctorS—evVernReesSsS;—Ssdch—meta—aucts—ahesthe—hetar—SheathiHRg—ot+——=
onnectina—cables (for-example cable armourina—lead eath) shall he connected to-th
ohRectHRg—GapbesS—{tor—exampre—GapvrearmouHhg,—eaa—Ssheath)—Sha—oe—cohhectea—+to+heg

Where the electrical equipment is mounted on lids, doors, or cover plates, continuity of the
protective bonding circuit shall be ensured and a protective conductor (see 8.2.2) ig
recommended.-Otherwise Where a protective eonductor is not provided, fastenings, hinges on
5liding contacts designed to have a low resistance shall be used (see 18.2.2, Test 1).

The continuity of-the-preotective conductors’ in cables that are exposed to damage (for examplg
flexible trailing cables) shall be ensured“by appropriate measures (for example monitoring).

For requirements for the continuity of-the—protective conductors using conductor wires
conductor bars and slip-ring assemblies, see 12.7.2.

The protective bonding ,circuit shall not incorporate a switching device, an overcurrent
protective device (for example switch, fuse), or other means of interruption.

Fxception: links—fertestormeasurementpurposes that cannot be opened without the use of g

fool and thattare located in an enclosed electrical operating area may be provided for test on
measurement’ purposes.

Where the continuity of the protective bonding circuit can be interrupted by means of
removable current collectors or plug/socket combinations, the protective bonding circuit shal
eviinterrupted by a first make last break contact. This also applies to removable or

withdrawable plug-in units (see also 13.4.5).
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8.24 Protective conductor connecting points

All protective conductors shall be terminated in accordance with 13.1.1. The protective
conductor connecting points [ are not intended, for example, to
attach-ercennect appliances or parts.

Each protective conductor connecting point shall be marked or labelled as such using the
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Figure 5 — Symbol IEC 60417-5019: Protéctive earth

pr with the letters PE, the graphical symbol being pfeferred, or by use of the bicoloud
combination GREEN-AND-YELLOW, or by any combination of these.

8.2.5 Mobile machines

On mobile machines with on-board power supplies, the protective conductors, the conductive
Structural parts of the electrical equipment,<and those extraneous-conductive-parts which form
the structure of the machine shall all be.¢onnected to a protective bonding terminal to provide]
protection against electric shock. Where*a mobile machine is also capable of being connected
fo an external incoming power supply;'this protective bonding terminal shall be the connection
point for the external protective conductor.

NOTE When the supply of electrical energy is self-contained within stationary, mobile, or movable items o
equipment, and when there is_n@_external supply connected (for example when an on-board battery charger is nof
connected), there is no needto'connect such equipment to an external protective conductor.

8.2.6 Additional-protective-bonding requirements for electrical equipment having
earth feakage currents higher than 10 mA-a-c—or-d-e-

o . g that is greater than
10 mA AC or DC in any—mee%ng—supplry protectlve conductor one or more of the following
conditions for the integrity of each section of the associated protective bonding circuit that
carries the earth leakage current shall be satisfied:

a) the protective conductor is completely enclosed within electrical equipment enclosures or
otherwise protected throughout its length against mechanical damage;

b) the protective conductor-shal-have has a cross-sectional area of at least 10 mm2 Cu or
16 mm?2 Al-through-itstotalrun;
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c) where the protective conductor has a cross-sectional area of less than 10 mm?2 Cu or
16 mmZ2 Al, a second protective conductor of at least the same cross-sectional area-shal
be is provided up to a point where the protective conductor has a cross-sectional area not
less than 10 mm2 Cu or 16 mmZ2 Al.

NoTE-3 This can require that the electrical equipment has a separate terminal for a second
protective conductor;

d) the supply is automatically disconnected in case of loss of continuity of the protective
conductor;

) where a plug-socket combination is used, an industrial connector in accordance wijth
IEC 60309 series, with adequate strain relief and a minimum protective earthing conguctor
cross-section of 2,5 mm? as part of a multi-conductor power cable is provided.

n a auiremente of 4 4 2
prevehn t WHHR Ragh =] } Tt gtHremetSo4-4--4

A statement shall be given in the instructions for installation that the_equipment shall be
nstalled as described in this 8.2.6.

NOTE A warning label-shall may also be provided adjacent to the PE terminal to state that the protectivg
conductor current exceeds 10mA—and-where-necessaryon-thenameplateof the'elpetrical-equipment.

8.3 Measures to-limit restrict the effects of highdeakage current

The effects of high leakage current can be restricted to the equipment having high leakage
current by connection of that equipment to a dedicated supply transformer having separate
windings. The protective bonding circuit shall*be connected to exposed conductive parts of
the equipment and, in addition, to the secondary winding of the transformer. The protective
conductor(s) between the equipmentand the secondary winding of the transformer shal
comply with one or more of the arrangements described in 8.2.6.

8.4 Functional bonding

Protection against maloperation as a result of insulation failures can be achieved by
connecting to a commop-eonductor in accordance with 9.4.3.1.1.

For recommendations regarding functional bonding to avoid maloperation due to
plectromagnetic.disturbances, see 4.4.2 and Annex H.

FFunctional-bohding connecting points should be marked or labelled as such using the symbo
EC 6041%>5020:2002-10 (see Figure 6).

77

L _

Figure 6 — Symbol IEC 60417-5020: Frame or chassis
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9 Control circuits and control functions

9.1 Control circuits
9.1.1 Control circuit supply

Where control circuits are supplied from an AC source,-contrel-transformers-shall-be-used for
supplying-the-controlcireuits—Sueh transformers-shall-have having separate windings shall be

used to separate the power supply from the control supply.

Fxamples include:

o control transformers having separate windings in accordance with IEC 61558-2-2,

o switch mode power supply units in accordance with IEC 61558-2-16.\fitted with
transformers having separate windings,

o low voltage power supplies in accordance with IEC 61204-7 fitted with transformers having
separate windings.

Where several transformers are used, it is recommended thatthe windings of thoseg
fransformers be connected in such a manner that the secondary voltages are in phase.

Fxception: Transformers or switch mode power supply unitsAjtted with transformers are not
mandatory for machines with a single motor starter and/or"a maximum of two control devicesg
for example, interlock device, start/stop control station).

Where DC control circuits derived from an AC supply are connected to the protective bonding
circuit (see 8.2.1), they shall be supplied from.%@ Jseparate winding of the AC control circuit
fransformer or by another control circuit transformer.

IOTE  Switch-mode—unitsfitted with-transformers=ha\
NI E oW G- O GeU R S—HReG—WHA— IR RSTOHMRerSyAa

separate windings-in-accordance—with- 1EC 61558-2-17
Sepairate—-wWH G GgSH3aC6CorGaRce—- WMo 91006~

D.1.2 Control circuit voltages

The nominal value of the control voltage shall be consistent with the correct operation of the
control circuit.

The nominal voltage of ‘AC control circuits-shal should preferably not exceed

- 230 V for circuifs*with 50 Hz nominal frequency,
- 277 V-wheAsupplied-from-a-transformer for circuits with 60 Hz nominal frequency.

The nomidalvoltage of DC control circuits should preferably not exceed 220 V.

p.1.3 Protection

antrol circuits _shall bhe lnrn\/irlnd with overcurrent Inrnh:mfinn in_accordance with 72

and 7.2.10.

9.2 Control functions

9.2.1 Start functions General

NOTE-2 Subclause 9.2 does not specify requirements for the—egquipment devices used to implement control
functions. Examples of-sueh requirements for devices are given in Clause 10.

Start functi | ' . | o 5259
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9.2.2 Categories of stop functions
There are three categories of stop functions as follows:
— stop category 0:  stopping by immediate removal of power to the machine actuators (i.e.

an uncontrolled stop — see 3.1.64);

— stop category 1: a controlled stop (see 3.1.14) with power available to the machine
actuators to achieve the stop and then removal of power when the
stop is achieved;

- stop category 2: a controlled stop with power-teft remaining available to the maching
actuators.

NOTE For removal of power it can be sufficient to remove the power needed to generate a torque ar\force. Thig
can be achieved by declutching, disconnecting, switching off, or by electronic means (e.g. a PDSain ,accordancdg
ith IEC 61800 series), etc.

D.2.3 Operation
D0.2.3.1 General
Fhe-necessary Safety functions and/or protective measures (for example interlocks (see 9.3)

Shall be provided—fer-safe-operation where required to reduceytbe possibility of hazardoug
Situations.

Where a machine has more than one control ‘station, measures shall be provided to ensure
that initiation of commands from different control stations do not lead to a hazardous situation.

D.2.3.2 Start

Start functions shall operate by energizing the relevant circuit.

The start of an operation shall be possible only when all-ef—the relevant safety functiong
and/or protective measures~are in place and are operational, except for conditions ag
described in 9.3.6.

FFor those machinés\(for example mobile machines) where safety functions and/or protective
measures cannoet.be applied for certain operations,-manual-centrel starting of such operationg
shall be by held-to-run controls, together with enabling devices, as appropriate.

The pravision of acoustic and/or visual warning signals before the starting of hazardoug
machine operation should be considered.

Suitable interlocks shall be provided-—to secure where necessary for correct sequentia
starting.

In the case of machines requiring the use of more than one control station to initiate a start,
each of these control stations shall have a separate manually actuated start control device.
The conditions to initiate a start shall be:

e all required conditions for machine operation shall be met, and

e all start control devices shall be in the released (off) position, then

o all start control devices shall be actuated concurrently (see 3.1.7).
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9.2.3.3 Stop

Stop category 0 and/or stop category 1 and/or stop category 2 stop functions shall be
provided as indicated by the risk assessment and the functional requirements of the machine
(see 4.1).

NOTE 1 The supply disconnecting device (see 5.3) when operated achieves a stop category 0.

Stop functions shall override related start functions{see-9-2.5-2).

AMNhaora raauired  faecilities to connect nrotective devices and interlocks chall ha nrovided \IM
refrefequire G —acHties o CcoRhectprotectiive GeVHCeS aRGHteHoOCKS—SaH+—P e ProvHGeE <
uch-a nrotective device—or-interlock causes g stopn-of the machine it mav-be necessary fo
SUch—a—pfrotecthive—aevHce—-or1ihterocKk—-GadsesSa—SsStopotthRemMachiHhe,++—May-oBehecesSSaty,+od
hat condition-to-be -sianalled to-the loaicof the control svstem The reset of the ston fubectio
Aat-CoRGHoR—+tobe-sSighareatothe1o0gic—-otheCcoRtro+—SYSteMm-—ReFeSe+-o+the-StopPFdRcHO!

Where more than one control station is provided, stop commands from any._ control station
shall be effective when required by the risk assessment of the machine.

NOTE 2 When stop functions are initiated, it can be necessary to discontinue makhine functions other than
motion.

p.2.3.4 Emergency operations (emergency stop, emergency-switching off)
D0.2.3.4.1 General

NOTE Emergency stop and emergency switching off aré.eomplementary protective measureg
that are not primary means of risk reduction for hazards (for example trapping, entanglement,
electric shock or burn) at a machine (see ISO 12100-(alparts)).

This part of IEC 60204 specifies the requiremients for the emergency stop and the emergency
switching off functions of the emergency éperations listed in Annex E, both of which are;—in

this-part of IEC 60204 intended to be initiated by a single human action.

Once active operation of an emergency stop (see 10.7) or emergency switching off (see 10.8
actuator has ceased following a_stop or switching off command, the effect of this command
Shall be sustained until it is reset. This reset shall be possible only by a manual action at-that
location the device where the*command has been initiated. The reset of the command shal
hot restart the machinery:but only permit restarting.

t shall not be possible-to restart the machinery until all emergency stop commands have been
reset. It shall not~be possible to reenergize the machinery until all emergency switching off
commands have been reset.

P.2.3.4.2 Emergency stop

Prineiplés Requirements for functional aspects of emergency stop equipment are given in
SO '13850.

The emergency stop shall function either as a stop category 0 or as a stop category 1
{see-9-2.2}. The choice of the stop category of the emergency stop depends on the results of
a risk assessment of the machine.

Exception: In some cases, to avoid creating additional risks, it can be necessary to perform a
controlled stop and maintain the power to machine actuators even after stopping is achieved.
The stopped condition shall be monitored and upon detection of failure of the stopped
condition, power shall be removed without creating a hazardous situation.

In addition to the requirements for stop given in 9.2.3.3, the emergency stop function has the
following requirements:
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e it shall override all other functions and operations in all modes;

e it shall stop the hazardous motion as quickly as practicable without creating other hazards;

e reset shall not initiate a restart.

9.2.3.4.3 Emergency switching off

The functional aspects of emergency switching off are given in 536.4 of IEC 60364-5-53:2009.

Emergency switching off should be provided where:

o basic protection—against-directeontact (for example—with for conductor wiress " conducton
bars, slip-ring assemblies, controlgear in electrical operating areas) is achieved only by
placing out of reach or by obstacles (see 6.2.6); or

o there is the possibility of other hazards or damage caused by electricity:

Fmergency switching off is accomplished by switching off the relevant-ireoming supply by
plectromechanical switching devices, effecting a stop category) 0 of machine actuatorg
connected to this incoming supply. When a machine cannot tolerate this-step category 0 stop
t may be necessary to provide other measures, for exampléibasic protection-against-direct
Contact, so that emergency switching off is not necessary:

0.2.3.5 Operating modes

Fach machine can have one or more operatingymodes (for example manual mode, automatig
mode, setting mode, mamtenance mode) determlned by the type of machlne and its
application. 8

nrl/r\r inadvertent selection shall bhe
¥ veHehtSserecHoRr-—SAatHoe

Where machinery has been desigtted and constructed to allow its use in several control on
pperating modes requiring different protective measures and having a different impact on
safety, it shall be fitted with™~a mode selector which can be locked in each position (for
example key operated swifgh). Each position of the selector shall be clearly identifiable and
shall correspond to a singte operating or control mode.

The selector may-be replaced by another selection method which restricts the use of certain
functions of themachinery to certain categories of operator (for example access code).

Mode sel€gtion by itself shall not initiate machine operation. A separate actuation of the start
control.shall be required.

specific operating mode, the relevant safety functions and/or protective measures
nla

n{—nnl
Tte

m
TPTe e

Indication of the selected operating mode shall be provided (for example the position of a
mode selector, the provision of an indicating light, a visual display indication).

9.2.3.6 Monitoring of command actions

Movement or action of a machine or part of a machine that can result in a hazardous situation
shall be monitored by providing, for example, overtravel limiters, motor overspeed detection,
mechanical overload detection or anti-collision devices.

NOTE On some manually controlled machines(for example, manual drilling machine), operators provide
monitoring.
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9.2.3.7 Hold-to-run controls

Hold-to-run controls shall require continuous actuation of the control device(s) to achieve
operation.

.£.9.0 I'wo-hand control

Three types of two-hand control are defined in ISO 13851, the selection of which ig
determined by the risk assessment. These shall have the following features:

Type I: this type requires:

o the provision of two control devices and their concurrent actuation by both hands;
o continuous concurrent actuation during the hazardous situation;

» machine operation shall cease upon the release of either one“or both of the contro
devices when hazardous situations are still present.

A Type | two-hand control device is not considered to beJsuitable for the initiation of
hazardous operation.

Type Il: a Type | control requiring the release of*both control devices before maching
pperation can be reinitiated.

Type Ill: a Type Il control requiring concurrent actuation of the control devices as follows:
o it shall be necessary to actuate the.control devices within a certain time limit of each
other, not exceeding 0,5 s;

o where this time limit is exceeded;*both control devices shall be released before machine
operation can be initiated.

D0.2.3.9 Enabling control
Fnabling control (see also.10.9) is a manually activated control function interlock that:

p) when activated_allows a machine operation to be initiated by a separate start control, and
pb) when de-activated
e initiatés-a stop function, and

e prevents initiation of machine operation.

Fnabling control shall be so arranged as to minimize the possibility of defeating, for exampleg
by.requiring the de-activation of the enabling control device before machine operation may be

ainitiatad t shaotld nat hg naccihlg tn daofaat thg gnahlina fiinctian hy cimnlg maoange
SHHHE e et oot B o PO SStBre—to-ae+eat— HaoHg—tdhetHeR—By-SHhpre-—Heahs-

9.2.3.10 Combined start and stop controls

Push-buttons and similar control devices that, when operated, alternately initiate and stop
motion shall only be provided for functions which cannot result in a hazardous situation.

9.24 Cableless control system (CCS)
9.24.1 General requirements

Subclause 9.2.4 deals with the functional requirements of control systems employing
| cableless (for example radio, infra-red) techniques for transmitting—cemmands—and control
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signals and data between-a-machine-control-system-—and operator control station(s) and other

parts of the control system(s).

NOTE 1 Reference to a machine in 9.2.4 is intended to be read as “machine or part(s) of a@%ﬂne".

Transmission reliability requirements can be necessary for safety functi%a} of a CCS that rely
pbn data transmission (for example, safety-related active stop, motion sommands).

The CCS shall have functionality and a response time suitabg@r the application based on|
the risk assessment. @

NOTE 2 |EC 61784-3 describes communication failures of commw\%lion networks and requirements for safety-
Felated data transmission. O

NOTE 3 Further requirements for cableless control sys are under development by IEC TC 44 in draf
EC 627453 Q

D.2.4.2 Monitoring the ability of a catg\l@ss control system to control a machine

The ability of a cableless control sys qg’(CCS) to control a machine shall be automatically
monitored, either continuously or at suitable intervals. The status of this ability shall be clearly
ndicated (for example, by an indic\ g light, a visual display indication, etc.)

f the communication signal i&,@egraded in a manner that might lead to the loss of the ability
pf a CCS to control a mac (e.g., reduced signal level, low battery power) a warning to the
pperator shall be provic&) efore the ability of the CCS to control a machine is lost.

When the ability o@ CCS to control a machine has been lost for a time that is determined
from a risk ass ent of the application, an automatic stop of the machine shall be initiated.

NOTE In s cases, for example, in order to avoid this automatic stop generating an unexpected hazardougq
:ondition,'é be necessary for the machine to go to a predetermined state before stopping.

Res@on of the ability of a CCS to control a machine shall not restart the machine. Restarf
s@ equire a deliberate action, for example manual actuation of a start button.

9.2.4.3 Control limitation

Measures shall be taken (e.g. coded transmission) to prevent the machine from responding to
signals other than those from the intended cableless operator control station(s).

3 Under consideration.
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Cableless operator control station(s) shall only control the intended machine(s) and shall

affect only the intended machine functions.

ton-function-of the machine orof allthe onerations that can cause 3 hazardous -situation—Th
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When more than one cableless operator control station is used to control a machine, then:

only one cableless operator control station shall be enabled at a time except as necessary

for the operation of the machine;

)

transfer of control from one cableless operator control station to another shall require a

deliberate manual action at the control station that has control;

during machine operation, transfer of control shall only be possible when both cableless

operator control stations are set to the same mode of machine operation and/or function(s)

of the machine;

transfer of control shall not change the selected mode of machine operation and/or

function(s) of the machine;
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e each cableless operator control station that has control of the machine shall be provided
with an indication that it has control (by for example, the provision of an indicating light, a
visual display indication).

NOTE Indications at other locations can be necessary as determined by the risk assessment.
9.24.5 Portable cableless operator control stations

Portable cableless operator control stations shall be provided with means (for example key
operated switch, access code) to prevent unauthorized use.

Fach machine under cableless control should have an indication when it is under cab S

control. )
When a portable cableless operator control station can be connected to on%\yr more of
several machines, means shall be provided on the portable cableless operator\Qntrol station
fo select which machine(s) is to be connected. Selecting a machine to be cofdected shall not
nitiate control commands. 6 :

D.2.4.6 Deliberate disabling of cableless operator control stations

machine shall meet the requirements for loss of ability of S to control a machine in

5 2.4.2.
<</C)

Where it is necessary to disable a cableless oper \ control station without interrupting
machine operation, means shall be provided (for gx ple on the cableless operator contro

\Where a cableless operator control station is disabled whigél:&er control, the associated
C

Station) to transfer control to another fixed or por e control station.

D.2.4.7 Emergency stop devices on p@ble cableless operator control stations

Fmergency stop devices on portable Q{ﬁ@less operator control stations shall not be the solg
means of initiating the emergency st nction of a machine.

2

Confusion between active andA\lnactive emergency stop devices shall be avoided by
pppropriate design and inform@on for use. See also ISO 13850.

S)
D.2.4.8 Emergency@ép reset

Restarting of ca%&e’ss control after power loss, disabling and re-enabling, loss of
communication @ ilure of parts of the CCS shall not result in a reset of an emergency stop
condition. C)

The ins@Tons for use shall state that the reset of an emergency stop condition initiated by a
porta ableless operator control station shall only be performed when it can be seen thaf
tha/@y on for initiation has been cleared.

AN

Depending on the risk assessment, in addition to the resetting of the emergency stop actuator
on the portable cableless operator control station, one or more supplementary fixed reset
devices should be provided.

9.3 Protective interlocks
9.3.1 Reclosing or resetting of an interlocking safeguard

The reclosing or resetting of an interlocking safeguard shall not initiate hazardous machine
operation.

NOTE Requirements for interlocking guards with a start function (control guards) are-given specified in 6.3.3.2.5
of ISO 12100-2:2010.
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9.3.2 Exceeding operating limits
Where an operating limit (for example speed, pressure, position) can be exceeded leading to

a hazardous situation, means shall be provided to detect when a predetermined limit(s) is
exceeded and initiate an appropriate control action.

9.3.3 Operation of auxiliary functions

The correct operation of auxiliary functions shall be checked by appropriate devices (for

1 )
AdITTYIC PTTCOoOoUTT OoTITToUTNS ).

Where the non-operation of a motor or device for an auxiliary function (for example
ubrication, supply of coolant, swarf removal) can cause a hazardous situation, .ot ,cause
damage to the machine or to the work in progress, appropriate interlocking shall be“provided.

pP.3.4 Interlocks between different operations and for contrary motions

All contactors, relays, and other control devices that control elements of the ' machine and that
can cause a hazardous situation when actuated at the same time (forlexample those which
nitiate contrary motion), shall be interlocked against incorrect operation.

Reversing contactors (for example those controlling the direction/of rotation of a motor) shall
be interlocked in such a way that in normal service no short-cifcuit can occur when switching.

Where, for safety or for continuous operation, certain functions on the machine are required tg
be interrelated, proper co-ordination shall be ensured by suitable interlocks. For a group of
machines working together in a co-ordinated mahner and having more than one controller,
provision shall be made to co-ordinate the operations of the controllers as necessary.

Where a failure of a mechanical brake actuator can result in the brake being applied when the
associated machine actuator is energizéd and a hazardous situation can result, interlocks
shall be provided to switch off the machine actuator.

D.3.5 Reverse current braking

Where braking of a motor istaccomplished by current reversal, measures shall be provided tg
prevent the motor startinglin the opposite direction at the end of braking where that reversa
can cause a hazardous_situation or damage to the machine or to the work in progress. For
this purpose, a device operating exclusively as a function of time is not permitted.

Control circuits shall be so arranged that rotation of a motor shaft, for example-manualby by
ppplying a manual force or any other force causing the shaft to rotate after it has stopped,
shall not résiilt in a hazardous situation.

D.3.6 Suspension of safety functions and/or protective measures

setting or maintenance purposes),-protection the control or operating mode selector shall-be

ensured-by simultaneously:

e disable all other operating (control) modes;
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e permit operation only by the use of a hold-to-run device or by a similar control device
positioned so as to permit sight of the hazardous elements;

normmit anaro fion of thna haooardac aAlamantc anhyy 1o radinnd ricl caonditione (A~ radi oo
Pt OpCTotroTT Ot oo o to CToTeTto oty 1 oo oo To SOt oo (g T ooutct

speed, reduced power / force, step-by-step operation, e.g. with a limited movement conto
device);

o prevent any operation of hazardous functions by voluntary or involuntary actignioh the
machine's sensors.

f these four conditions cannot be fulfilled simultaneously, the control or_operating mode
Selector shall activate other protective measures designed and constructed te ensure a saf¢g
ntervention zone. In addition, the operator shall be able to control operation’of the parts he ig
working on from the adjustment point.

0.4 Control functions in the event of failure
pP.4.1 General requirements

Where failures or disturbances in the electrical equipment ¢an cause a hazardous situation o
damage to the machine or to the work in progress, appropriate measures shall be taken to
minimize the probability of the occurrence of such‘failures or disturbances. The required
measures and the extent to which they are impleménted, either individually or in combination,
depend on the level of risk associated with the £espective application (see 4.1).

Measures—to-reduce-thoserisks Examples of such measures that can be appropriate include
put are not limited to:

o protective interlocking of the electrical circuit;

» use of proven circuit techniques and components (see 9.4.2.2);
o provision of partial or'complete redundancy (see 9.4.2.3) or diversity (see 9.4.2.4);

o provision for functional tests (see 9.4.2.5).

The electrical control-cireuits system(s) shall have an appropriate-level-ef-safety performance
that has been determined from the risk assessment-at of the machine.

The requirements for safety-related control functions of IEC 62061 and/or 1ISO 13849-1:4999
SO 18849-2:2003 shall apply.

Where functions performed by the electrical control system(s) have safety implications buf
application of IEC 62061 leads to a required safety integrity less than that required by SIL 1,
compliance with the requirements of this part of IEC 60204 can lead to an adequate
performance of the electrical control system(s).

Where memory retention is achieved for example, by battery power, measures shall be taken
to prevent hazardous situations arising from failure, undervoltage or removal of the battery.

Means shall be provided to prevent unauthorized or inadvertent memory alteration by, for
example, requiring the use of a key, access code or tool.
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9.4.2 Measures to minimize risk in the event of failure
9.4.2.1 General
Measures to minimize risk in the event of failure include but are not limited to:

e use of proven circuit techniques and components;
e provisions of partial or complete redundancy;

e provision of diversity:

e provision for functional tests.

P.4.2.2 Use of proven circuit techniques and components

These measures include but are not limited to:

 bonding of control circuits to the protective bonding circuit for fun€tional purposes
(see 9.4.3.1.1 and Figure 4);

o connection of control devices in accordance with 9.4.3.1.1;

o stopping by de-energizing-{see-9-2-2});

o the switching of all control circuit conductors—te (for example both sides of a coil) of the

device being controlled{see-9-4-3-1);

o switching devices having direct opening action (see IEC_60947-5-1);
o monitoring by:

— use of mechanically linked contacts (see IE€,60947-5-1);

— use of mirror contacts (see IEC 60947-4<1)

o circuit design to reduce the possibility of failures causing undesirable operations.
0.4.2.3 Provisions of partial or complete redundancy

By providing partial or complete redundancy, it is possible to minimize the probability that one]
single failure in the electrical cirguit can result in a hazardous situation. Redundancy can be
effective in normal operation_(en-line redundancy) or designed as special circuits that take
pver the protective function, (off-line redundancy) only where the operating function fails.

Where off-line redundanéy which is not active during normal operation is provided, suitablg
measures shall be taken to ensure that those control circuits are available when required.

0.4.2.4 Provision of diversity

The use aficontrol circuits having different principles of operation, or using different types of
components or devices can reduce the probability of hazards resulting from faults and/on
failurés-"Examples include:

-\ the use of a combination of normally open and normally closed contacts—eperated—byf
- o :
— the use of different types of control-cireuitcomponents devices in the circuit(s);

— the combination of electromechanical and electronic equipment in redundant
configurations.

The combination of electrical and non-electrical systems (for example mechanical, hydraulic,
pneumatic) may perform the redundant function and provide the diversity.
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Provision for functional tests

9.4.2.5

or manually by

or a combination as appropriate

Functional tests may be carried out automatically by the control system

up and at predetermined intervals,

inspection or tests at start
(see also 17.2 and 18.6).

Protection against

9.4.3

loss-of circuit-continuity malfunction of control circuits
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Switched conductor

® !
Overcurrent
protective device
(see 7.2.4)

Control circuit supply
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Connection to protective bonding

circuit for method a)1 only
RN E—

Common conductor

| il

IEC_1390/05

Overcurrent protective
device (see 7.2.4)

Control circuit

=

— IEC 1391/05

Eigure-4 Mothod b)
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9.4.3.1 Insulation faults
9.4.3.1.1 General
Measures shall be provided to reduce the probability that insulation faults on any control

circuit can cause malfunction such as unintentional starting, potentially hazardous motions, or
prevent stopping of the machine.

The measures to meet the requirements include but are not limited to the following methods:

— method a) Earthed control circuits fed by transformers;
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— method b) Non-earthed control circuits fed by transformers;
— method ¢) Control circuits fed by transformer with an earthed centre-tap winding;
— method d) Control circuits not fed by a transformer.

9.4.3.1.2 Method a) — Earthed control circuits fed by transformers

The common conductor shall be connected to the protective bonding circuit at the point of
supply. All contacts, solid state elements, etc., which are intended to operate an
electromagnetic or other device (for example, a relay, indicator light) are to be inserted
between the switched conductor of the control circuit supply and one terminal of the coilcof
device. The other terminal of the coil or device is connected directly to the common con 1
pf the control circuit supply without any switching elements (see Figure 7). (1/

:
>

\\9@ IEC

) K
1 O Switched conductors
X

N
2 (\er Common conductors
"'?;\\ Control switches

.

Figurg\—' Method a) Earthed control circuit fed by a transformer

NOTE Method aép be used also for DC control circuits. In this case the transformer shown in Figure 7 ig
substituted by a,DE€-power supply unit.

Exceptiﬁeontacts of protective devices may be connected between the common conductor
and th ils, provided that the connection is very short (for example in the same enclosure
50 t@n earth fault is unlikely (for example overload relays directly fitted to contactors).

Control circuits fed from a control transformer that is not connected to the protective bonding
circuit shall either:

1) have 2-pole control switches that operate on both conductors, see Figure 8; or

2) be provided with a device, for example an insulation monitoring device, that interrupts the
circuit automatically in the event of an earth fault, see Figure 9; or

3) where an interruption as per item 2 above would increase the risk, for example when
continued operation is required during the first fault to earth, it can be sufficient to provide
an insulation monitoring device (e.g. in accordance with IEC 61557-8) that will initiate an
acoustic and optical signal at the machine, see Figure 10. Requirements for the procedure
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to be performed by the machine user in response to this alarm shall be described in the
information for use.

IEC

1 Switched conductors
2 Common conductoys
3 Control switche$

Figure 8 — Method b1) Non-earthed control circuit fed by transformer

NOTE 1 Method b1) can be used also for DC ca@pnjrol circuits. In this case the transformer shown in Figure 8 if
substituted by a DC power supply.

Ly

IEC

1 Switched conductors
2 Common conductors
3 Control switches

Figure 9 — Method b2) Non-earthed control circuit fed by transformer
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NOTE 2 Method b2) can be used also for DC control circuits. In this case the transformer shown in Figure 9 is
substituted by a DC power supply.

NOTE 3 Figure 9 does not show the overcurrent protective devices in the measurement circuits for protection of
the insulation monitoring device.

RL 2 2
L 4 L 4
IEC
1 Switched conductors
2 Common conductors
3 Control switches

Figure 10 — Method b3) Non-earthed'control circuit fed by transformer

NOTE 4 Method b3) can be used also for DC coffrol circuits. In this case the transformer shown in Figure 10 i
Bubstituted by a DC power supply. When a traksformer and rectifier combination is used, the insulation monitoring
Hevice is connected to the protective bonding.gircuit in the DC part of the control circuit, so after the rectifier.

NOTE 5 Figure 10 does not show the auercurrent protective devices in the measurement circuits for protection o
he insulation monitoring device.

D.4.3.1.4 Method c) = €ontrol circuits fed by transformer with an earthed centre-tap
winding

Control circuits fed \from a control transformer with its centre-tap winding connected to thd
protective bonding“circuit shall have overcurrent protective devices that break both the
conductors.

The contrgl switches shall be 2-pole types that operate on both conductors.
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1 Switched conductors
2 Common conductors
3 Control switches

Figure 11 — Method c) Control cifcuits fed by transformer
with an earthed céhtre-tap winding

D.4.3.1.5 Method d) — Control circuits'\iot fed by a transformer

Control circuits that are not fed by a, ¢centrol transformer or switch mode power supply unitg
fitted with transformers having separate windings in accordance with IEC 61558-2-16 are onlyf
pllowed for machines with a maximum of one motor starter and/or maximum of two contro
devices, in accordance with 9.1)1.

Depending on the earthinguof the supply system the possible cases are:

1) directly connected to an earthed supply system (TN- or TT-system) and:
a) being powebed between a line conductor and the neutral conductor, see Figure 12; or
b) beingwaowered between two line conductors, see Figure 13; or

P) directlyy~eonnected to a supply system that is not earthed or is earthed through a high
impedance (IT-system) and:

8))being powered between a line conductor and the neutral conductor, see Figure 14; or

b) being powered between two line conductors, see Figure 15.

Method d1b) requires multi-pole control switches that switch all live conductors in order to
avoid an unintentional start in case of an earth fault in the control circuit.

Method d2) requires that a device shall be provided that interrupts the circuit automatically in
the event of an earth fault.
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Figure 12 — Method d1a) Control circuit without transformer connected between a phase
and the neutral of an earthed supply system

NOTE 1 Figure 12 shows the case where the supply system is a TN system ~The control circuit is the same in th¢g
Case of a TT system.

NOTE 2 Figure 12 does not show any protective devices for the,power circuit and control circuit, provisions fo
hich are stated in 6.3 and 7.2.

(YYY\U < ®

I
M' [ —
LYY

X\
<

\. - -\ control switch

IEC

Figured43— Method d1b) Control circuit without transformer connected between two
phases of an earthed supply system

NOTE 3 Figure 13 shows the case where the supply system is a TN system. The control circuit is the same in

base of 2 TT cvustam
Y

NOTE 4 Figure 13 does not show any necessary protective devices for power circuit and control circuit, provisions
for which are stated in 6.3 and 7.2.
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Figure 14 — Method d2a) Control circuit without transformer conne€ted between phase
and neutral of a non-earthed supply system

NOTE 5 Figure 14 does not show any necessary protective devices forhespower circuit and control circuit
provisions for which are stated in 6.3 and 7.2.
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Figure 15 —(Mgthod d2b) control circuit without transformer connected between two
phases of a non-earthed supply system

)

IEC

NOTE 6+ Eigure 15 does not show any necessary protective devices for power circuit and control circuit, provisiong
for whictiare stated in 6.3 and 7.2.

0:4.3.2 Voltage interruptions

See also 7.5.

Where the control system uses a memory device(s), proper functioning in the event of power
failure shall be ensured (for example by using a non-volatile memory) to prevent any loss of
memory that can result in a hazardous situation.

9.4.3.3 Loss of circuit continuity

Where the loss of continuity of-safety-related control circuits depending upon sliding contacts
can result in a hazardous situation, appropriate measures shall be taken (for example by
duplication of the sliding contacts).
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10 Operator interface and machine-mounted control devices

10.1 General

10.1.1 General-device requirements

Those Control devices for operator interface shall, as far as is practicable, be selected
mounted, and identified or coded in accordance with-relevantparts-of IEC 61310 series.

The possibility of inadvertent operation shall be minimized by, for example, positioning of
devices, suitable design, provision of additional protective measures. Particular censideration|
shall be given to the selection, arrangement, programming and use of operatortinput deviceg
such as touchscreens, keypads and keyboards for the control of hazardous maching
pperations, and of sensors (for example position sensors) that can initiate G@achine operation.
FFurther information can be found in IEC 60447.

Frgonomic principles shall be taken into account in the location of dperator interface devices.

10.1.2 Location and mounting
As far as is practicable, machine-mounted control devices shall be:

o readily accessible for service and maintenance;

» mounted in such a manner as to minimize the possibility of damage from activities such ag
material handling.

The actuators of hand-operated control devices shall be selected and installed so that:

o they are not less than 0,6 m aboyverthe servicing level and are within easy reach of the
normal working position of the opérator;

o the operator is not placed in athazardous situation when operating them.
The actuators of foot-operatéd control devices shall be selected and installed so that:

o they are within easy.reach of the normal working position of the operator;

o the operator is«not placed in a hazardous situation when operating them.
10.1.3 Protection

The degrée-of protection (IP rating in accordance with IEC 60529) together with othen
pppropriate measures shall-afford provide protection against:

o /the effects of-aggressive liquids, vapours, or gases found in the physical environment of
tsed on the machine;

e the ingress of contaminants (for example swarf, dust, particulate matter).

In addition, the operator interface control devices shall have a minimum degree of protection
against-direct contact with live parts of IPXXD in accordance with IEC 60529.

10.1.4 Position sensors

Position sensors (for example position switches, proximity switches) shall be so arranged that
they will not be damaged in the event of overtravel.
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Position sensors in circuits with safety-related control functions (for example, to maintain the
safe condition of the machine or prevent hazardous situations arising at the machine) shall
have direct opening action (see IEC 60947-5-1) or shall provide similar reliability (see 9.4.2).

10.1.5 Portable and pendant control stations

Portable and pendant operator control stations and their control devices shall be so selected
and arranged as to minimize the possibility of-inadvertent machine operations caused by
nadvertent actuation, shocks and vibrations (for example if the operator control station.is
dropped or strikes an obstruction) (see also 4.4.8).

10.2 Push-buttons Actuators

10.2.1 Colours

Push-button Actuators (see 3.1.1) shall be colour-coded-in-accordance-with-Table- 2 {see-alsgd
0.2 and-Annex-B) as follows.

The colours for START/ON actuators should be WHITE, GREY,OBLACK or GREEN with a
preference for WHITE. RED shall not be used.

The colour RED shall be used for emergency stop and-emergency switching off actuatorg
including supply disconnecting devices where it is¢«foréseen that they are for use in an
emergency). If a background exists immediately ardund the actuator, then this background
shall be coloured YELLOW. The combination of aRED actuator with a YELLOW background
shall only be used for emergency operation deviges.

The colours for STOP/OFF actuators should“be BLACK, GREY, or WHITE with a preference
for BLACK. GREEN shall not be used. RED is permitted, but it is recommended that RED ig
hot used near an emergency operation device.

WHITE, GREY, or BLACK are the preferred colours for-push-butten actuators that alternately
act as START/ON and STOR/OFF—push-buttons actuators. The colours RED, YELLOW, of

GREEN shall not be used-{see-alse-9-2.6}.

WHITE, GREY, or BLACK are the preferred colours for—push-butten actuators that cause
pperation while they. are actuated and cease the operation when they are released (for
pxample hold-to4run). The colours RED, YELLOW, or GREEN shall not be used.

Reset-push-buttons actuators shall be BLUE, WHITE, GREY, or BLACK. Where they also act
as a STOP/OFF-butten actuator, the colours WHITE, GREY, or BLACK are preferred with the
main preféerence being for BLACK. GREEN shall not be used.

The“colour YELLOW is reserved for use in abnormal conditions, for example, in the event of
an abnormal condition of the process, or to interrupt an automatic cycle.

Where the same colour WHITE, GREY, or BLACK is used for various functions (for example
WHITE for START/ON and for STOP/OFF actuators) a supplementary means of coding (for
example shape, position, symbol) shall be used for the identification of-push-butten actuators.
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Table 2 — Symbols for-push-buttons actuators (Power)

Power

START-er ON STOP-or OFF Push-buttons-acting | Push-buttonsacting-as

buttons-and-as ON | STOP or OFF buttons

or OFF buttons when released
ON/OFF
(push on-push off) ON
(hold-to-run)
IEC 60417-5007 IEC 60417-5008 IEC 60417-5010 IEC 60417-5011
(BB:2002-10) (BB:2002-10) (BB:2002-10) (BB:2002-10)
r Bl r T r 71 P, 71
L _ L _ L - L -
Table 3 — Symbols for actiators (Machine operation)
Machine operation
START STOP HOLD-TO-RUN EMERGENCY STOP
IEC 60417-5104 IEC 60447-5110A IEC 60417-5011 IEC 60417-5638
(2006-08) (2Q04-06) (2002-10) (2002-10)
r RSN 1 r 1 r 1
L L a | L 4| L _
103"~ Indicator lights and displays

10.3.1 General
Indicator lights and displays serve to give the following types of information:

— indication: to attract the operator's attention or to indicate that a certain task should be
performed. The colours RED, YELLOW, BLUE, and GREEN are normally used in this
mode; for flashing indicator lights and displays, see 10.3.3.

— confirmation: to confirm a command, or a condition, or to confirm the termination of a
change or transition period. The colours BLUE and WHITE are normally used in this mode
and GREEN may be used in some cases.

Indicator lights and displays shall be selected and installed in such a manner as to be visible
from the normal position of the operator (see also IEC 61310-1).
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Circuits used for visual or audible devices used to warn persons of an impending hazardous
event shall be fitted with facilities to check the operability of these devices.

10.3.2 Colours

Indicator lights
shau should be colour- coded with respect to the condltlon (status) of the machine ~in
pccordance with Table 4.

Table 4 — Colours for indicator lights and their meanings
with respect to the condition of the machine

Colour Meaning Explanation Action by opérator

RED Emergency Hazardous condition Immediate action to deal with hazardous
condition (for example-switching off the
machine supply, being-alert to the hazardous
condition and staying clear of the machine)

YELLOW Abnormal Abnormal condition Monitoring and/or intervention (for example by
Impending critical condition re-establishing the intended function)

BLUE Mandatory Indication of a condition that Mandatory action
requires action by the operator

GREEN Normal Normal condition Qptional

WHITE Neutral Other conditions; may be used, | Monitoring

whenever doubt exists abodt
the application of RED,
YELLOW, GREEN, BLUE

ndicating towers on machines should . tiave the applicable colours in the following order from
the top down; RED, YELLOW, BLUE,.GREEN and WHITE.

10.3.3 Flashing lights and displays

For further distinction or information and especially to give additional emphasis, flashing lightg
and displays can be provided for the following purposes:

- to attract attention;

- to request immediate action;

- to indicate.a discrepancy between the command and actual state;

- to indicate a change in process (flashing during transition).

t isrecommended that higher-frequency-flashing-lights-or-display-be flashing frequencies are

used-for higher priority information (see IEC 60073 for recommended flashing rates and
ulse/pause ratios)

Where flashing lights or displays are used to provide higher priority information,—audible
warning-devices additional acoustic warnings should-atse be-provided considered.

10.4 Illuminated push-buttons

llluminated push-button actuators shall be colour-coded in accordance with 10.2.1. Where
there is difficulty in assigning an appropriate colour, WHITE shall be used.

The colour of active emergency stop actuators shall remain RED regardless of the state of the
illumination.
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10.5 Rotary control devices

Devices having a rotational member, such as potentiometers and selector switches, shall
have means of prevention of rotation of the stationary member. Friction alone shall not be
considered sufficient.

10.6 Start devices

Actuators used to initiate a start function or the movement of machine elements (for example

Lial HP= I | H \ ball L 4+ ol &l P | 4+ H N H H &l 'y
nmuco, OPIIIUIUO, UGIIIUIO} S11dIT VT UUTTOUTULLITU diiTu TITUUTItCU oU do U TS 1mmirauveTrTieTtl
pperation.

10.7 Emergency stop devices
10.7.1 Location of emergency stop devices

PDevices for emergency stop shall be readily accessible.

Fmergency stop devices shall be—located provided at each-eperator—control-station—-and-—af
pther locations where the initiation of an emergency stop can be*required—(exception—sed

There can be circumstances where confusion can occur between active and inactive
emergency stop devices caused by, for example, ugglugging or otherwise disabling an
pperator control station. In such cases, means (for example, design and information for use
shall be provided to minimise confusion.

10.7.2 Types of emergency stop device
The types of device for emergency stop include, but are not limited to:

o a push-button-eperated-switeh deyice for actuation by the palm or the fist (e.g. mushroom
head type);

o a pull-cord operated switch;

» a pedal-operated switch\without a mechanical guard.

The devices shall-have directopening—operation{(see ECB80947-5-1. Annex—K) be in
pccordance with IEG 60947-5-5.

ctuators2pf - emeraency—ston—devices shall be coloured RED If o9 hackaround —exist
WCtuatorsCar—emergency—stop—aevHeces—ShaH—pe—cotodrea—~e H—a—RaCKgFroUhRa—exiSt
mmedidtalty, around the sectuator then this hackaround shall he coloured YELL OW__See als
------ eclatery aFodhcthe actdatoteRitHSOvaCKgrouRG—SAaH—De-Coourea et —o S

Where a stop category 0 is suitable, the supply disconnecting device may-be-locally-operated
te serve the function of emergency stop where:

e it is readily accessible to the operator; and
e it is of the type described in 5.3.2 a), b), ¢), or d).

Where intended for emergency use, the supply disconnecting device shall meet the colour
requirements of 10.2.1.


https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

IEC 60204-1:2016 RLV © IEC 2016 - 83 -

10.8 Emergency switching off devices
10.8.1 Location of emergency switching off devices

Emergency switching off devices shall be located as necessary for the given application.
Normally, those deV|ces will be Iocated separate from operator control stations.Where-it-is ‘

Where confu3|on can occur between emergency stop and emergency SW|tch|ng off deV|ces
eans shall be provided to minimise confusion

NOTE This can be achieved by, for example, the provision of a break-glass enclosure for the emergency
switching off device.

10.8.2 Types of emergency switching off device
The types of device for initiation of emergency switching off include:

» a push-button operated switch with a palm or mushroom head type of actuator;

o a pull-cord operated switch.

The devices shall have direct opening action (see Annex K_©f”1EC 60947-5-1:2003 and
EC 60947-5-1:2003/AMD1:2009).

10.8.3 Local operation of the supply.disconnecting device to effect emergency
switching off

Where the supply disconnecting d€vice is to be locally operated for emergency switching off,
t shall be readily accessible and-should shall meet the colour requirements of 10.2.1.

10.9 Enabling control:device

When-an-enabling-control device-is provided - as-a part of a-svystem—it shallsianalthe - enablin

e A—aR-e 3o g-CoRTo+—GeVHCe IS pProvHGe CasSapPat—-ora SyStem1—SiansSighathe-enaoHh
ontrol to-allow oreration when setuated-in-one nosition-onlhvy—ln anv other nosition—oneratio
oftror—toatow-operRHoR-WnRehactdateaHh—ohepoSHHoR-oy-—h—3ahRy-otherposSiHoh;—operatol

NOTE The enabling control function is described in 9.2.3.9.

Fnabling control devices shall be selected and arranged so as to minimize the possibility of
defeating.

Enabling control devices shall be selected that have the following features:

— designed in accordance with ergonomic principles;

— for a two-position type:
e position 1: off-function of the switch (actuator is not operated);
e position 2: enabling function (actuator is operated).

— for a three-position type:
e position 1: off-function of the switch (actuator is not operated);

e position 2: enabling function (actuator is operated in its mid position);
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e position 3: off-function (actuator is operated past its mid position);

e when returning from position 3 to position 2, the enabling function is not activated.

NOTE IEC 60947-5-8 specifies requirements for three-position enabling switches.
11 Controlgear: location, mounting, and enclosures

111 General requirements

All controlgear shall be located and mounted so as to facilitate:

- its accessibility and maintenance;

- its protection against the external influences or conditions under which it is infended tog
operate;

- operation and maintenance of the machine and its associated equipment.
11.2 Location and mounting
11.2.1 Accessibility and maintenance

All items of controlgear shall be placed and oriented so that they can be identified without
moving them or the wiring. For items that require checking far)Correct operation or that arg
iable to need replacement, those actions should be pessible without dismantling othern
equipment or parts of the machine (except opening deors’ or removing covers, barriers o
pbstacles). Terminals not part of controlgear components or devices shall also conform tg
these requirements.

All controlgear shall be mounted so as to facilitate its operation and maintenance—frem-the
front. Where a special tool is necessary to adjust, maintain, or remove a device, such a too
shall be supplied. Where access is required for regular maintenance or adjustment, the
Felevant devices shall be located between 0,4 m and 2,0 m above the servicing level. It is
Frecommended that terminals be at least’0,2 m above the servicing level and be so placed that
conductors and cables can be easily-connected to them.

No devices except devices for©perating, indicating, measuring, and cooling shall be mounted
pn doors or on access covers.of enclosures that are expected to be removed.

Where control devices are connected through plug-in arrangements, their association shall be
made clear by type. (shape), marking or reference designation, singly or in combination
see 13.4.5).

Plug-in devieces that are handled during normal operation shall be provided with non-
nterchangéable features where the lack of such a facility can result in malfunctioning.

Plug/socket combinations that are handled during normal operation shall be located and
mounted so as to provide unobstructed access.

Test points for connection of test equipment, where provided, shall be:

— mounted so as to provide unobstructed access;

— clearly identified to correspond with the documentation-{see-47-3};
— adequately insulated;

— sufficiently spaced.

11.2.2 Physical separation or grouping

Non-electrical parts and devices, not directly associated with the electrical equipment, shall
not be located within enclosures containing controlgear. Devices such as solenoid valves
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should be separated from the other electrical equipment (for example in a separate
compartment).

Control devices mounted in the same location and connected to the-supphr—voltage power

circuits, or to both—supply power and control—veliages—shall circuits should be grouped
separately from those connected only to the control-veltages circuits.

Terminals shall be separated into groups for:

- power circuits;
— associated control circuits of the machine;
- other control circuits, fed from external sources (for example for interlocking).

The groups may be mounted adjacently, provided that each group can be readily’identified
for example by markings, by use of different sizes, by use of barriers or by colours).

When arranging the location of devices (including interconnections), ;the clearances and
creepage distances specified for them by the supplier shall be maintainéd, taking into account
the external influences or conditions of the physical environment.

11.2.3 Heating effects

The temperature rise inside electrical equipment enclosl@res shall not exceed the ambient
femperature specified by the component manufacturers:

NOTE 1 IEC TR 60890 can be used for the calculation of tem{perature rise inside enclosures.

Heat generating components (for example heat\sinks, power resistors) shall be so located that
the temperature of each component in the vicinity remains within the permitted limit.

NOTE 2 Information on the selection of insulatifg”materials to resist thermal stresses is given in IEC 60216 and
EC 60085.

11.3 Degrees of protection

The protection of controlgeartagainst ingress of solid foreign objects and of liquids shall be
pdequate taking into account the external influences under which the machine is intended tg
pperate (i.e. the locationand the physical environmental conditions) and shall be sufficient
pgainst dust, coolants, lubricants and swarf.

NOTE 1 The«degrees of protection against ingress of water are covered by IEC 60529. Additional protectivg
Mmeasures can-be necessary against other liquids.

Fnclosures of controlgear shall provide a degree of protection of at least IP22 (se¢
EC'60529).

Exception: an enclosure providing a minimum degree of protection IP22 is not required where:

a) an electrical operating area-is—used-as—aprotective-enclosurefor provides an appropriate
degree of protection against-the ingress of solids-bedies and liquids, or.

b) removable collectors on conductor wire or conductor bar systems are used and-tP22-isnot
achievedbut the measures of 12.7.1 are applied.

NOTE 2 Some examples of applications, along with the degree of protection typically provided by their
enclosures, are listed below:

— ventilated enclosure, containing only motor starter resistor and other large size equipment IP10

— ventilated enclosure, containing other equipment IP32
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— enclosure used in general industry IP32, P43
and IP54

— enclosure used in locations that are cleaned with low-pressure water jets (hosing) IP55

— enclosure providing protection against fine dust IP65

— enclosure containing slip-ring assemblies IP2X

Depending upon the conditions where installed, another degree of protection can be appropriate.

11.4 Enclosures, doors and openings

Fnclosures shall be constructed using materials capable of withstanding the mechanical,
electrical and thermal stresses as well as the effects of humidity and other environmental
factors that are likely to be encountered in normal service.

FFasteners used to secure doors and covers should be of the captive type. Windows-previded
for-viewing-thternally-mounted-indicating-devices of enclosures shall be of(aymaterial suitable
fo withstand expected mechanical stress and chemical attack-(fer-examplestoughened-glass—of
polycarbonate sheet of notless than 3 mm- thickness).

t is recommended that enclosure doors having vertical hinges beJnot wider than 0,9 m, with
an angle of opening of at least 95°.

The joints or gaskets of doors, lids, covers and enclgsures shall withstand the chemica
effects of the aggressive liquids, vapours, or gases ‘used on the machine. The meang
provided to maintain the degree of protection of an enclosure on doors, lids and covers that
require opening or removal for operation or maintetiance shall:

o be securely attached to either the door/cover or the enclosure;

» not deteriorate due to removal or replacement of the door or the cover, and so impair the
degree of protection.

Where openings in enclosures are-provided (for example, for cable access), including those
fowards the floor or foundation or“to other parts of the machine, means shall be provided to
ensure the degree of protection)specified for the equipment. Openings for cable entries shal
be easy to re-open on site/ A suitable opening may be provided in the base of enclosureg
within the machine so thatmoisture due to condensation can drain away.

There shall be n®. opening between enclosures containing electrical equipment and
compartments containing coolant, lubricating or hydraulic fluids, or those into which oil, othen
iquids, or dustycan penetrate. This requirement does not apply to electrical devices
specifically designed to operate in oil (for example electromagnetic clutches) nor to electrica
equipmentin*which coolants are used.

Whete there are holes in an enclosure for mounting purposes, means may be necessary tg
prisure that after mounting, the holes do not impair the required protection.

Equipment that, in normal or abnormal operation, can attain a surface temperature sufficient
to cause a risk of fire or harmful effect to an enclosure material shall:

— be located within an enclosure that will withstand, without risk of fire or harmful effect,
such temperatures as can be generated; and

— be mounted and located at a sufficient distance from adjacent equipment so as to allow
safe dissipation of heat (see also 11.2.3); or

— be otherwise screened by material that can withstand, without risk of fire or harmful effect,
the heat emitted by the equipment.

NOTE A warning label in accordance with 16.2.2-may can be necessary.
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11.5 Access to-controlgear electrical equipment
Doors in gangways and for access to electrical operating areas shall:

— be atleast 0,7 m wide and-2:4 2,0 m high;
— open outwards;

— have a means (for example panic bolts) to allow opening from the inside without the use of
a key or tool.

OTE Further information is given in [EC 60364-7-729.

nelosures which readilvallow nerson-tofullventer shall he nrovided - with - means tao (3w
RCIOSUFresS—-wWHHehRFeaahyaHowapersontoHHy—enterSshah—bepProvae - WH—means 1o oV
scane—forexample nanic bolts on-the inside-of doors Enclosures intended for such acecess
ScapetorexampteparHcooHsSohtheHhsiae- o+ Goofrs—ERGoSUresHhtehaea1tor-sSHeh_a6cesS
or-examnple for resettina—adiustina_maintenance—shall have a3 clear width of at least 0 7
ofF-exampte—+orfesetting,aaiusthg,—mathterahce,—Sshar—havveaciear—wWatn—otrat1eastu+H
pnd-a-clear-heightof atleast 2.4 m-

12 Conductors and cables

12.1 General requirements

Conductors and cables shall be selected@o as to be suitable for the operating conditions (fon
pexample voltage, current, protection against electric shock, grouping of cables) and externa
nfluences (for example ambient temperature, presence of water or corrosive substances,
mechanical stresses (including streSses during installation), fire hazards) that can exist.

NTE E iné. lonls alven N CENELEC D 516 82

These requirements do not apply to the integral wiring of assemblies, subassemblies, and
devices that are manufactured and tested in accordance with their relevant IEC standard (fon
example IEC-80439-1 61800 series).

12.2 Conductors

|n-generallConductors-shall should be of copper. Where aluminium conductors are used, the
cross-sectional area shall be at least 16 mm?2.

To'ensure adequate mechanical strength, the cross-sectional area of conductors should notf
e less than as shown in Table 5. However, conductors with smaller cross-sectional areas or
other constructions than shown in Table 5 may be used in equipment provided adequate
mechanical strength is achieved by other means and proper functioning is not impaired.

NOTE Classification of conductors is given in Table D.4.
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Table 5 — Minimum cross-sectional areas of copper conductors

Type of conductor, cable
Single core Multicore
i L Flexible Solid Two core, Two core Three or
Location Application Class 50r 6 | (class 1) or shielded | not shielded | more cores,
stranded shielded or
(class 2) not
Power CirCUitS‘ 1.0 L~ O._7E O._7E, alivd~
fixed " s T ,- —
Wiring Power circuits,
OUtSIde_ subjected to frequent 1,0 - 0,75 0,75 0;75
(protecting) movements
enclosures
Control circuits 1,0 1,0 0,2 0,5 0,2
Data communication - — - — 0,08
Power circuits
(connections not 0,75 0,75 0,75 0,75 0,75
Wiring inside | moved)
enclosures @) ' irol circuits 0,2 0,2 0,2 0,2 0,2
Data communication - — - — 0,08

NOTE All cross-sections in mm?2.

a) Except special requirements of individual standards, see also 12.1.

Class 1 and class 2 conductors are primarily intended-for use between rigid, non-moving partsg
where vibration is not considered to be likely to cause damage.

All conductors that are subject to frequent movement (for example one movement per hour of
machine operation)-shal should have flexible stranding of class 5 or class 6.

12.3 Insulation

Wherethe insulation of conductors and cables—{ferexample-PVC) can constitute hazards due
foyexample to the propagation of a fire or the emission of toxic or corrosive fumes, guidance
from’ the cable supplier should be sought. It is important to give special attention to the
ntegrity of a circuit having a safety-related function.

The insulation of cables and conductors used, shall be suitable for a test voltage:

— not less than 2 000 V AC for a duration of 5 min for operation at voltages higher than
50 VAC or 120 V DC, or

— not less than 500 V AC for a duration of 5 min for PELV circuits (see IEC 60364-4-41,
class Ill equipment).

The mechanical strength and thickness of the insulation shall be such that the insulation
cannot be damaged in operation or during laying, especially for cables pulled into ducts.
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12.4 Current-carrying capacity in normal service

The current-carrying capacity depends on several factors, for example insulation material,
number of conductors in a cable, design (sheath), methods of installation, grouping and
ambient temperature.

NOTE 1 Detailed information and further guidance can be found in IEC 60364-5-52, in some national standards or
given by the manufacturer.

One typical example of the current-carrying capacities for PVC insulated wiring between
enclosures and individual items of equipment under steady-state conditions is givencin
Table 6.

NOTE 2 For specific applications where the correct cable dimensioning can depend on the relationship\between
he period of the duty cycle and the thermal time constant of the cable (for example starting against high-inertig
oad, intermittent duty), the cable manufacturer-should-be-consulted can provide information.
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Table 6 — Examples of current-carrying capacity (/z) of PVC insulated copper
conductors or cables under steady-state conditions in an ambient air temperature
of +40 °C for different methods of installation

Installation method (see D.2.2)
B1 B2 (o E
Cross-sectional Current-carrying capacity I, for three phase circuits

area

0,75 8,6 8,5 9,8 10,4
1,0 10,3 10,1 11,7 12,4
1,5 13,5 13,1 15,2 1631
2,5 18,3 17,4 21 22
4 24 23 28 30
6 31 30 36 37
10 44 40 50 52
16 59 54 66 70
25 77 70 84 88
35 96 86 104 110
50 117 103 125 133
70 149 130 160 171
95 180 156 194 207
120 208 179 225 240

Control circuit pairs
E . .

0,20 Not-applicable 4,5 4,3 4,4 4,4
0,5 Not-applicable 7,9 7,5 7,5 7,8
0,75 bletoselesble 00 9,0 9,5 10

NOTE 1 The values of the currentscarrying capacity of Table 6 are based on:

—  one symmetrical three-phase,circuit for cross-sectional areas 0,75 mm? and greater;
— one control circuit pair for cross-sectional areas between 0,2 mm?2 and 0,75 mmZ.

Where more loaded cables/pairs are installed,-derate derating factors for the values of Table 6-in—acecordance
with can be found in“Tables D.2 or D.3.

NOTE 2 For ambient temperatures other than 40 °C,—ecerrect—the correction factors for current-carrying
capacities-by«using-values-given are provided in Table D.1.

NOTE 3 ( These values are not applicable to flexible cables wound on drums (see 12.6.3).

NQOTE #4 Current-carrying capacities of other cables are provided in IEC 60364-5-52.

12.5 Conductor and cable voltage drop

The voltage drop from the point of supply to the load in any power circuit cable shall not
exceed 5 % of the nominal voltage under normal operating conditions. In order to conform to
this requirement, it can be necessary to use conductors having a larger cross-sectional area

than that derived from Table 6.

In control circuits, the voltage drop shall not reduce the voltage at any device below the
manufacturer’s specification for that device, taking into account inrush currents.

See also 4.3.
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The voltage drop in components, for example overcurrent protective devices and switching
devices, should be considered.

12.6 Flexible cables
12.6.1 General

Flexible cables shall have Class 5 or Class 6 conductors.

OTE T Class b conductors have smaller diameter strands and are more tlexible than Class 5 conduciors (seg
Table D.4).

Cables that are subjected to severe duties shall be of adequate construction to ‘protect
against:

- abrasion due to mechanical handling and dragging across rough surfaces;
- kinking due to operation without guides;

- stress resulting from guide rollers and forced guiding, being wound and re-wound on cabl¢
drums.

NOTE 2 Cables for such conditions are specified in—+elevant some national standards.

NOTE 3 The operational life of the cable will be reduced where unfavourdble”operating conditions such as high
ensile stress, small radii, bending into another plane and/or where frequent(duty cycles coincide.

12.6.2 Mechanical rating

The cable handling system of the machine shall be so designed to keep the tensile stress of
the conductors as low as is practicable during machine operations. Where copper conductors
are used, the tensile stress applied to the cohductors shall not exceed 15 N/mm?2 of the
copper cross-sectional area. Where the demands of the application exceed the tensile stress
imit of 15 N/mm?2, cables with special construction features should be used and the allowed
maximal tensile stress should be agreed.with the cable manufacturer.

The maximum stress applied to.the' conductors of flexible cables with material other than
copper shall be within the cable manufacturer’s specification.

NOTE The following conditions affect the tensile stress on the conductors:
- acceleration forces;

- speed of motion;

- dead (hanging) weight of the cables;

- method of guiding;

- design of €ablé drum system.
12.6.3 _(Current-carrying capacity of cables wound on drums

Cables to be wound on drums shall be selected with conductors having a cross-sectional areg
such’ that, when fully wound on the drum and carrying the normal service load, the maximum
allowable conductor temperature is not exceeded.

For cables of circular cross-sectional area installed on drums, the maximum current-carrying
capacity in free air should be derated in accordance with Table 7—{see—also-Clause 44 of

IEC 80621-3).

NOTE The current-carrying capacity of cables in free air can be found in manufacturers’ specifications or in
relevant national standards.


https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

-92 - IEC 60204-1:2016 RLV © IEC 2016

Table 7 — Derating factors for cables wound on drums

Drum type Number of layers of cable
Any number 1 2 3 4
Cylindrical ventilated - 0,85 0,65 0,45 0,35
Radial ventilated 0,85 - - - —
Radial non-ventilated 0,75 - - - -

manufacturers. ThIS may result in other factors belng used

NOTE 1 A radial type drum is one where spiral layers of cable are accommodated between closely(spaced
flanges; if fitted with solid flanges, the drum is described as non-ventilated and if the flanges havesduitable
apertures, as ventilated.

NOTE 2 A ventilated cylinder drum is one where the layers of cable are accommodated betweeniwidely spaced
flanges and the drum and end flanges have ventilating apertures.

12.7 Conductor wires, conductor bars and slip-ring assemblies

12.7.1 Basic protection-against-directcontact

Conductor wires, conductor bars and slip-ring assemblies shall be installed or enclosed in
such a way that, during normal access to the machine, bagic protection-against-directcontaci
s achieved by the application of one of the following protective measures:

- protection by partial insulation of live parts, or where this is not practicable;

- protection by enclosures or barriers of at lgast IP2X{(see442.2 of IEC60364-4-41) of
IPXXB.

Horizontal top surfaces of barriers or enclosures that are readily accessible shall provide &

degree of protection of at least IP4X{(sged12.2-2 of HEC 60364-4-41) or IPXXD.

Where the required degree of protegtion is not achieved, protection by placing live parts out of
reach in combination with emergency switching off in accordance with 9.2.3.4.3 shall be
applied.

Conductor wires and conductor bars shall be so placed and/or protected as to:

- prevent contactj\especially for unprotected conductor wires and conductor bars, with
conductive items such as the cords of pull-cord switches, strain-relief devices and drive
chains;

- preventdamage from a swinging load.

See als0-6.2.6.

127:2 Protective conductors-circuit

Where conductor wires, conductor bars and slip-ring assemblies are installed as part of the
protective bonding circuit, they shall not carry current in normal operation. Therefore, the
protective conductor (PE) and the neutral conductor (N) shall each use a separate conductor
wire, conductor bar or slip-ring.

The continuity of-the protective conductors—cireuit using sliding contacts shall be ensured by
taking appropriate measures (for example, duplication of the current collector, continuity
monitoring).
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12.7.3 Protective conductor current collectors

Protective conductor current collectors shall have a shape or construction so that they are not
interchangeable with the other current collectors. Such current collectors shall be of the
sliding contact type.

12.7.4 Removable current collectors with a disconnector function

Removable current collectors having a disconnector function shall be so designed that the

F e <l 4+ + HS H ot P | ] £4 o |H <l FS I [N
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disconnected, and the continuity of the protective conductor circuit is re-established before
any live conductor is reconnected (see also 8.2.3).

12.7.5 Clearances in air

Clearances between the respective conductors, and between adjacent systems, of conducton
wires, conductor bars, slip-ring assemblies and their current collectors shall be suitable for at
east a rated impulse voltage of an overvoltage category Il in accordance.with IEC 60664-1.

12.7.6 Creepage distances

Creepage distances between the respective conductors, bétween adjacent systems of
conductor wires, conductor bars and slip-ring assemblies, and-their current collectors shall be
Suitable for operation in the intended environment, for examplée open air-{EC-80664-1), insid¢
buildings, protected by enclosures.

n abnormally dusty, moist or corrosive environments, the following creepage distance
Fequirements apply:

- unprotected conductor wires, conductor bars, and slip-ring assemblies shall be equipped
with insulators with a minimum creepage.distance of 60 mm;

- enclosed conductor wires, insulated> multipole conductor bars and insulated individua
conductor bars shall have a minimum creepage distance of 30 mm.

The manufacturer's recommendations shall be followed regarding special measures tg
prevent a gradual reduction in.the insulation values due to unfavourable ambient conditiong
for example deposits of conductive dust, chemical attack).

12.7.7 Conductor system sectioning

Where conductof “wires or conductor bars are arranged so that they can be divided into
solated sectiofis) suitable design measures shall be employed to prevent the energization of
pdjacent sections by the current collectors themselves.

12.7.8 \Construction and installation of conductor wire, conductor bar systems and
slip-ring assemblies

onductor wires —conductor bars and slinarina assemblies in nower circuits-shall he aroune
T 1 £ | ) g

separately from those in control circuits.

Conductor wires, conductor bars and slip-ring assemblies, including their current collectors,
shall be capable of withstanding, without damage, the mechanical forces and thermal effects
of short-circuit currents.

Removable covers for conductor wire and conductor bar systems laid underground or
underfloor shall be so designed that they cannot be opened by one person without the aid of a
tool.
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Where conductor bars are installed in a common metal enclosure, the individual sections of
the enclosure shall be bonded together and connected to the protective bonding-cenductorat
several-points—depending—upon—theirlength circuit. Metal covers of conductor bars laid
underground or underfloor shall also be bonded together and connected to the protective
bonding-eenductor circuit.

The prntpr‘ti\/p hnnding circuit shall incliide the covers or cover pla’rpq of metal enclosures or

underfloor ducts. Where metal hinges form a part of the protective bonding circuit, thgip
continuity shall be verified (see Clause 18).

Underground-and-underfloor Conductor bar ducts that can be subject to accumulatien, of liquid
such as oil or water shall have drainage facilities.

13 Wiring practices

13.1  Connections and routing
13.1.1 General requirements

All connections, especially those of the protective bonding €ircuit, shall be secured against
accidental loosening.

The means of connection shall be suitable for the €ross-sectional areas and nature of the
conductors being terminated.

The connection of two or more conductors to~one terminal is permitted only in those caseg
Where the terminal is designed for that purpose. However, only one protective conductor shall
be connected to one terminal connecting.point.

Soldered connections shall only be’,permitted where terminals are provided that are suitablg
for soldering.

Terminals on terminal blocks shall be plainly marked or labelled to correspond with-markings
pn the identification used)in the diagrams.

NOTE IEC 61666 prowidés rules that can be used for the designation of terminals within the electrical equipment.

Where an incorrect electrical connection (for example, arising from replacement of devices
can-be is identified as a source of risk that needs to be reduced and it is not practicable tg
reduce the~possibility of incorrect connection by design measures, the conductors and/on
ferminations shall be identified-in-accordance-with-13-2-1.

The installation of flexible conduits and cables shall be such that liquids shall drain away from
e fiﬁillgb.

Means of retaining conductor strands shall be provided when terminating conductors at
devices or terminals that are not equipped with this facility. Solder shall not be used for that
purpose.

Shielded conductors shall be so terminated as to prevent fraying of strands and to permit
easy disconnection.

Identification tags shall be legible, permanent, and appropriate for the physical environment.
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Terminal blocks shall be mounted and wired so that the-irternal-and-external wiring does not
cross over the terminals{seetEC60947-7-1).

13.1.2 Conductor and cable runs

Conductors and cables shall be run from terminal to terminal without splices or joints.
Connections using plug/socket combinations with suitable protection against accidental
disconnection are not considered to be splices or joints for the purpose of 13.1.2.

F-xception: Where it is impracticable to provide terminals in a junction box (for example on
mobile machines, on machines having long flexible cables; cable connections exceeding 4
ength which is not practical to be supplled by the cable manufacturer on one cablendrumj
), splices~or"joints

may be used.

Where it is necessary to connect and disconnect cables and cable assemblies)sufficient extra
ength shall be provided for that purpose.

The terminations of cables shall be adequately supported to prevent.mechanical stresses af
the terminations of the conductors.

Wherever practicable, the protective conductor shall be placed close to the associated live
conductors in order to decrease the impedance of the loopy

13.1.3 Conductors of different circuits

Conductors of different circuits may be laid sidey,by side, may occupy the same duct (fon
example conduit, cable trunking system), or may be in the same multiconductor cable or in thdg
same plug/socket combination provided thatithe arrangement does not impair the propern
functioning of the respective circuits and:

 where those circuits operate at different voltages, the conductors-shal-be are separated
by suitable barriers or-shal-be;

b the conductors are insulated~for the highest voltage to which any-cenductor-within of the
same—duet conductors cam-be subjected, for example line to line voltage for unearthed
systems and phase to earth voltage for earthed systems.

13.1.4 AC circuits — Electromagnetic effects (prevention of eddy currents)

Conductors of AG~Eircuits installed in ferromagnetic enclosures shall be arranged so that al
conductors of gagh circuit, including the protective conductor of each circuit, are contained in
the same enclosure. Where such conductors enter a ferrous enclosure, they shall be arranged
such that thesconductors are not individually surrounded by ferromagnetic material.

Singte~core cables armoured with steel wire or steel tape should not be used for AC circuits.

QT E 1 __Tho stegl wirg or stegl tang armaour of a2 sinale.core cable is reaarded as a forramaanetic enclosure Fo
™ ) =) )

single-core wire armoured cables, the use of aluminium armour is recommended.

NOTE 2 Derived from IEC 60364-5-52.

13.1.5 Connection between pick-up and pick-up converter of an inductive power
supply system

The cable between the pick-up and the pick-up converter-as-specified-by-the-manufacturerof
thetndustiesowersuoply shall be:

— as short as practicable;
— adequately protected against mechanical damage.
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NOTE The output of the pick-up can be a current source, therefore damage to the cable can result in a high
voltage hazard.

13.2 Identification of conductors
13.2.1 General requirements

Each conductor shall be identifiable at each termination in accordance with the technical

documentation{see-Clause17).

t is recommended (for example to facilitate maintenance) that conductors be identified by
humber, alphanumeric, colour (either solid or with one or more stripes), or a combinatioh. of
colour and numbers or alphanumeric. When numbers are used, they shall be Arabic;-etters
shall be Roman (either upper or lower case).

NOTE 1 Annex B can be used for agreement between supplier and user regarding a prefefred method o
dentification.

NOTE 2 IEC 62491 provides rules and guidelines for the labelling of cables and corés/conductors used in
ndustrial installations, equipment and products.

13.2.2 Identification of the protective conductor / protective bonding conductor

The protective conductor / protective bonding conductor shall ke readily distinguishable from
bther conductors by shape, location, marking, or colour. When identification is by coloun
plone, the bicolour combination GREEN-AND-YELLOW shallybe used throughout the length of
the  conductor. This colour identification is <lstrictly reserved for protective
conductors/protective bonding conductors.

FFor insulated conductors, the bicolour combination GREEN-AND-YELLOW shall be such that
bn any 15 mm length, one of the colours covers. at least 30 % and not more than 70 % of the
surface of the conductor, the other colour covering the remainder of the surface.

Where the protective conductor(s) can be easily identified by its shape, position, on
construction (for example a braided.conductor, uninsulated stranded conductor), or where the
nsulated conductor is not readily/@ccessible or is part of a multicore cable, colour coding
throughout its length is not necessary. However, where the conductor is not clearly visiblég
fhroughout its length, the ends or accessible locations shall be clearly identified by the
graphical symbol IEC 60417-5019(BB:2002-10}:2006-08 (see Figure 16) or with the letterg
PE or by the bicolour combination GREEN-AND-YELLOW.

r 1

L .

Figure 16 — Symbol IEC 60417-5019

Exception: Protective bonding conductors may be marked with the letters PB and/or the
symbol IEC 60417-5021 (2002-10) (see Figure 17).
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Figure 17 — Symbol IEC 60417-5021

13.2.3 Identification of the neutral conductor

Where a circuit includes a neutral conductor that is identified by colour alone, the colour used
for this conductor shall be BLUE. In order to avoid confusion with other colours, it ig
recommended that an unsaturated blue be used, called here “light blue” {(see 6.2.2 of
EC-60446 60445:2010). Where the selected colour is the sole identification of the neutra
conductor, that colour shall not be used for identifying any other conductorwhere confusion is
possible.

Where identification by colour is used, bare conductors used as neutral conductors shall be
either coloured by a stripe, 15 mm to 100 mm wide in each compartment or unit and at each
paccessible location, or coloured throughout their length.

13.2.4 Identification by colour

Where colour-coding is used for identification of (gonductors (other than the protective
conductor (see 13.2.2) and the neutral conductor {see 13.2.3)), the following colours may be
used:

BLACK, BROWN, RED, ORANGE, YELLOW, GREEN, BLUE (including LIGHT BLUE)
VIOLET, GREY, WHITE, PINK, TURQUOISE.

NOTE This list of colours is derived from IEC 60757.

t is recommended that, where coleur is used for identification, the colour be used throughout
the length of the conductor either by the colour of the insulation or by colour markers at
Fegular intervals and at the.ends or accessible location.

FFor safety reasons, the\colour GREEN or the colour YELLOW should not be used where thereg
s a possibility of confusion with the bicolour combination GREEN-AND-YELLOW (see 13.2.2).

Colour identification using combinations of those colours listed above may be used provided
there can be'no confusion and that GREEN or YELLOW is not used except in the bicoloun
combination-GREEN-AND-YELLOW.

Where colour-coding is used for identification of conductors, it is recommended that they be
colour-coded as follows:

— BLACK: AC and DC power circuits;

— RED: AC control circuits;

— BLUE: DC control circuits;

— ORANGE: excepted circuits in accordance with 5.3.5.

Exceptions: to the above are permitted where insulation is not available in the colours

recommended (for example in multiconductor cables)-ermulticonductor-ecable-isused,butnot
he bicol ination GREEN-AND-YELLOW.
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13.3 Wiring inside enclosures

Conductors inside enclosures shall be supported where necessary to keep them in place.
Non-metallic ducts shall be permitted only when they are made with a flame-retardant
insulating material (see the IEC 60332 series).

It is recommended that electrical equipment mounted inside enclosures be designed and
constructed in such a way as to permit modification of the wiring from the front of the
enclosure (see also 11.2.1). Where that is not practicable and control devices are connected
TOTIT thTe Tear of the eNncloSUTe, acCess Jdo0rs Or SWingout panets sihattbe provided:

Connections to devices mounted on doors or to other movable parts shall be madeyusing
flexible conductors in accordance with 12.2 and 12.6 to allow for the frequent movement of
the part. The conductors shall be anchored to the fixed part and to the movable part
ndependently of the electrical connection (see also 8.2.3 and 11.2.1).

Conductors and cables that do not run in ducts shall be adequately supported:

Terminal blocks or plug/socket combinations shall be used for control wiring that extendsg
beyond the enclosure. For plug/socket combinations, see also 13.4/5.and 13.4.6.

Power cables and cables of measuring circuits may be directly-connected to the terminals of
the devices for which the connections were intended.

13.4 Wiring outside enclosures
13.4.1 General requirements

The means of introduction of cables or ductsiwith their individual glands, bushings, etc., intg
an enclosure shall ensure that the degree of'protection is not reduced (see 11.3).

[Conductors of a circuit shall not be djstributed over different multi-core cables, conduits, cablg
ducting systems or cable trunking systems. This is not required where a number of multi-corg
cables, forming one circuit, are iastalled in parallel. Where multi-core cables are installed in
parallel, each cable shall contdih one conductor of each phase and the neutral if any.

13.4.2 External ducts

Conductors and their connections external to the electrical equipment enclosure(s) shall be
enclosed in suitable ducts (i.e. conduit or cable trunking systems) as described in 13.5 exceptf
for suitably protected cables that may be installed without ducts and with or without the use of
ppen cable_trays or cable support means. Where devices such as position switches on
proximity Switches are supplied with a dedicated cable, their cable need not be enclosed in g
duct when the cable is suitable for the purpose, sufficiently short, and so located or protected,
that therisk of damage is minimized.

iHinge used with  ducts or multicanductar cahles shall he gsuitabhle for the ph\]léif‘ﬂ

environment.

Flexible conduit or flexible multiconductor cable shall be used where it is necessary to employ
flexible connections to pendant push-button stations. The weight of the pendant stations shall
be supported by means other than the flexible conduit or the flexible multiconductor cable,
except where the conduit or cable is specifically designed for that purpose.

13.4.3 Connection to moving elements of the machine

Connectionsto-frequently The design of connections to moving parts shall take into account
the foreseeable frequency of movement and shall be made using conductors in accordance
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with 12.2 and 12.6. Flexible cable and flexible conduit shall be so installed as to avoid
excessive flexing and straining, particularly at the fittings.

Cables subject to movement shall be supported in such a way that there is no mechanical
strain on the connection points nor any sharp flexing. When this is achieved by the provision
of a loop, it shall have sufficient length to provide for a bending radius of the cable—ef as
specified by the cable manufacturer or if no such specification is given, at least 10 times the
diameter of the cable.

FFlexible cables of machines shall be so installed or protected as to minimize the possibility of
external damage due to factors that include the following cable use or potential abuse:
- being run over by the machine itself;

— being run over by vehicles or other machines;

- coming into contact with the machine structure during movements;

- running in and out of cable baskets, or on or off cable drums;

- acceleration forces and wind forces on festoon systems or suspended;eables;

- excessive rubbing by cable collector;

- exposure to excessive radiated heat.

The cable sheath shall be resistant to the normal wear that éan be expected from movement
and to the effects of environmental contaminants (for example oil, water, coolants, dust).

Where cables subject to movement are close to moving parts, precautions shall be taken to
maintain a space of at least 25 mm between themoving parts and the cables. Where that
distance is not practicable, fixed barriers shallvbe provided between the cables and the
moving parts.

The cable handling system shall be so-designed that lateral cable angles do not exceed 5°
pvoiding torsion in the cable when:

- being wound on and off cable drums; and
- approaching and leaving cable guidance devices.

Measures shall be taken\to“ensure that at least two turns of flexible cables always remain on
p drum.

Pevices serving(to® guide and carry a flexible cable shall be so designed that the innen
bending radius_at all points where the cable is bent is not less than the values given in
Table 8, unléss otherwise agreed with the cable manufacturer, taking into account the
permissible-tension and the expected fatigue life.

Table 8 — Minimum permitted bending radii for the forced guiding
of flexible cables

Cable diameter or thickness of flat cable (d)
Application mm
d<8 8<d<20 d>20
Cable drums 6 d 6 d 8d
Guide rollers 6d 8d 8d
Festoon systems 6 d 6 d 8d
All others 6d 6 d 8d

The straight section between two bends shall be at least 20 times the diameter of the cable.
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Where flexible conduit is adjacent to moving parts, the construction and supporting means
shall prevent damage to the flexible conduit under all conditions of operation.

Flexible conduit shall not be used for connections subject to rapid or frequent movements
except when specifically designed for that purpose.

13.4.4 Interconnection of devices on the machine

Where several machine-mounted—switching devices (for example position sensors, push-
pbuttons) are connected in series or in parallel, it is recommended that the connectiong
between those devices be made through terminals forming intermediate test points. Such
ferminals shall be conveniently placed, adequately protected, and shown on the relevant
diagrams.

13.4.5 Plug/socket combinations

AN hara nlual/socket combinations are nrovided—thev -shall fulfil one—or mate-of - the followin
v-Rere—piagrsocket—comdbiatonsareprovaea—ney—-shan—+thh—ohe—or—mare-ot+—the—+ohowih

Exception:Thefollowing—requirements—do—not—apply—te Components or devices inside an

enclosure, terminated by fixed plug/socket combinations (no flexible cable), or componentg
connected to a bus system by a plug/socket combinationyare not considered to b¢
plug/socket combinations for the purpose of this 13.4.5.

W hen—installed—correctly After installation in accordance with item a) below, plug/socket
combinations shall be of such a type as to prevent, unintentional contact with live parts at any

fime, including during insertion or removal of the-connectors. The degree of protection shal
be at least IP2X or IPXXB. PELV circuits are excépted from this requirement.

ava 3 firet maka lacst hraak
He—a St HEe—aAStPfeadKk

Where the plug/socket contains a.gaintact for the protective bonding circuit, it shall have a first
make last break contact (see alse\3.2.4).

Plug/socket combinations dntended to be connected or disconnected during load conditiong
shall have sufficient load-breaking capacity. Where the plug/socket combination is rated at
B0 A, or greater, it shall’ be interlocked with a switching device so that the connection and
disconnection is pessible only when the switching device is in the OFF position.

Plug/socket combinations that are rated at more than 16 A shall have a retaining means tg
prevent unintended or accidental disconnection.

Where-an unintended or accidental disconnection of plug/socket combinations can cause &
hazardous situation, they shall have a retaining means.

The installation of plug/socket combinations shall fulfil the following requirements as
applicable:

a) The component which remains live after disconnection shall have a degree of protection of
at least IP2X or IPXXB, taking into account the required clearance and creepage
distances. PELV circuits are excepted from this requirement.

b) Metallic housings of plug/socket combinations shall be connected to the protective

bonding circuit. PELV circuits-are excepted from this requirement.

c) Plug/socket combinations intended to carry power loads but not to be disconnected during
load conditions shall have a retaining means to prevent unintended or accidental
disconnection and shall be clearly marked that they are not intended to be disconnected
under load.
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d) Where more than one plug/socket combination is provided in the same electrical
equipment, the associated combinations shall be clearly identifiable. It is recommended
that mechanical coding be used to prevent incorrect insertion.

e) Plug/socket combinations used in control circuits shall fulfil the applicable requirements of

IEC 61984.-Exceptionsee-item-k)-

Exception: In plug/socket combinations in accordance with IEC 60309-1, only those contacts
Shall be used for control circuits which are intended for tNOSE purposes. This excepiion doey
hot apply to control circuits using high frequency signals superimposed on the power circuits:

13.4.6 Dismantling for shipment

Where it is necessary that wiring be disconnected for shipment, terminals or plug/socket
combinations shall be provided at the sectional points. Such terminals shall be suitably
enclosed and plug/socket combinations shall be protected from the physical environment
during transportation and storage.

13.4.7 Additional conductors

Consideration should be given to providing additional conhductors for maintenance or repair.
When spare conductors are provided, they shall be cofinected to spare terminals or isolated in
such a manner as to prevent contact with live parts:

13.5 Ducts, connection boxes and other boxes
13.5.1 General requirements

Pucts shall provide a degree of protection (see IEC 60529) suitable for the application.

All sharp edges, flash, burrs, reugh surfaces, or threads with which the insulation of the
conductors can come in contact shall be removed from ducts and fittings. Where necessary,
pdditional protection consisting of a flame-retardant, oil-resistant insulating material shall be
provided to protect condugtor insulation.

Prain holes of 6 mm\diameter are permitted in cable trunking systems, connection boxes, and
pther boxes used for wiring purposes that can be subject to accumulations of oil or moisture.

n order to~prevent confusion of conduits with oil, air, or water piping, it is recommended that
the conduits be either physically separated or suitably identified.

Pucts’/and cable trays shall be rigidly supported and positioned at a sufficient distance from
moving parts and in such a manner so as to minimize the possibility of damage or wear.
n areas where human passage is required, the ducts and cable trays shall be mounted at
least 2 m above the working surface.

Cable trays that are partially covered should not be considered to be ducts or cable trunking
systems (see 13.5.6), and the cables used shall be of a type suitable for installation-with-or

without-the-use-of on open cable trays-orecable-support-means.
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It is recommended that the dimensions and arrangement of ducts be such as to facilitate the
insertion of the conductors and cables.

13.5.2 Rigid metal conduit and fittings

Rigid metal conduit and fittings shall be of galvanized steel or of a corrosion-resistant materia
Suitable for the conditions. The use of dissimilar metals in contact that can cause galvanid
pction should be avoided.

Conduits shall be securely held in place and supported at each end.

Fittings shall be compatible with the conduit and appropriate for the application. Fittings-shal
should be threaded unless structural difficulties prevent assembly. Whete threadless fittingg
are used, the conduit shall be securely fastened to the equipment.

Conduit bends shall be made in such a manner that the conduit@shall not be damaged and the
nternal diameter of the conduit shall not be effectively reduced.

13.5.3 Flexible metal conduit and fittings

A flexible metal conduit shall consist of a flexible metal tubing or woven wire armour. It shal
be suitable for the expected physical environment:

Fittings shall be compatible with the conduijt and appropriate for the application.

13.5.4 Flexible non-metallic conduit.and fittings

FFlexible non-metallic conduit shall be resistant to kinking and shall have physica
characteristics similar to those of-the sheath of multiconductor cables.

The conduit shall be suitahtefor use in the expected physical environment.
Fittings shall be compatible with the conduit and appropriate for the application.

13.5.5 Cabletrunking systems

Cable trunking systems external to enclosures shall be rigidly supported and clear of al

moving-6heontaminatingpeortions parts of the machine and of sources of contamination.

Covers shall be shaped to overlap the sides; gaskets shall be permitted. Covers shall be
ttached to cable trunking systems by suitable means. On horizontal cable trunking systems
the cover shall not be on the bottom unless specifically designed for such installation.

NOTE Requirements for cable trunking and ducting systems for electrical installations are given in the IEC 61084
series.

Where the cable trunking system is furnished in sections, the joints between sections shall fit
tightly but need not be gasketed.

The only openings permitted shall be those required for wiring or for drainage. Cable trunking
systems shall not have opened but unused knockouts.
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13.5.6 Machine compartments and cable trunking systems

The use of compartments or cable trunking systems within the column or base of a machine to
enclose conductors is permitted provided the compartments or cable trunking systems are
isolated from coolant or oil reservoirs and are entirely enclosed. Conductors run in enclosed
compartments and cable trunking systems shall be so secured and arranged that they are not
subject to damage.

13.5.7 Connection boxes and other boxes

Connection boxes and other boxes used for wiring purposes shall be accessible, fon
maintenance. Those boxes shall provide protection against the ingress of solid bodieshand
iquids, taking into account the external influences under which the machine is intended to
pperate (see 11.3).

Those boxes shall not have opened but unused knockouts nor any other openings and shal
be so constructed as to exclude materials such as dust, flyings, oil, and coolant.

13.5.8 Motor connection boxes
Motor connection boxes shall enclose only connections to the~nmiotor and motor-mounted

devices (for example brakes, temperature sensors, plugging switches, tachometern
generators).

14 Electric motors and associated equipment

14.1 General requirements

F-lectric motors should conform to the relevant parts of IEC 60034 series.

The protection requirements for moters” and associated equipment are given in 7.2 fon
pvercurrent protection, in 7.3 for-everledd protection of motors against overheating, and in 7.6
for overspeed protection.

As many controllers do not switch off the supply to a motor when it is at rest, care shall be
faken to ensure complianee-with the requirements of 5.3, 5.4, 5.5, 7.5, 7.6 and 9.4. Moton
control equipment shallbe*located and mounted in accordance with Clause 11.

14.2 Motor enclosures

inr Enclosures for
motors should be in accordance W|th IEC 60034 5

The degree of protection shall be-atleastP23 (see tEC60629)forall-motors dependent on

the (@pplication and the physical environment (see 4.4). All motors shall be adequately

protected from mechanical damage. —Mwe—s#mgeni—mqwements—ean—be—needed—dependmg
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14.3 Motor dimensions

As far as is practicable, the dimensions of motors shall conform to those given in the
IEC 60072 series.

14.4 Motor mounting and compartments

Each motor and its associated couplings, belts, pulleys, or chains, shall be so mounted that
they are adequately protected and are easily accessible for inspection, maintenance,
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adjustment and alignment, lubrication, and replacement. The motor mounting arrangement
shall be such that all motor—held-dewn mounting means can be removed and all terminal
boxes are accessible.

Motors shall be so mounted that proper cooling is ensured and the temperature rise remains
within the limits of the insulation class (see IEC 60034-1).

Where practicable, motor compartments should be clean and dry, and when required, shall be
ventilated directly to the exterior of the machine. The vents shall be such that ingress of
swarf, dust, or water spray is at an acceptable level.

There shall be no opening between the motor compartment and any other compartment that
does not meet the motor compartment requirements. Where a conduit or pipe is run into the
motor compartment from another compartment not meeting the motor compartment
requirements, any clearance around the conduit or pipe shall be sealed.

14.5 Criteria for motor selection

The characteristics of motors and associated equipment shall be selected in accordance with
the anticipated service and physical environmental conditions (seé.4.4). In this respect, the
points that shall be considered include:
- type of motor;

- type of duty cycle (see IEC 60034-1);

- fixed speed or variable speed operation, (and the.consequent variable influence of the
ventilation);

— mechanical vibration;

- type of motor control;

- temperature rise and other effegts of the frequency spectrum of the voltage and/or current
feeding the motor (particularly\when it is supplied from a converter);

- method of starting and the-possible influence of the inrush current on the operation of
other users of the same power supply, taking also into account possible specia
considerations stipulated by the supply authority;

- variation of counter-torque load with time and speed;
- influence of leads with large inertia;
- influence of.constant torque or constant power operation;

- possible need of inductive reactors between motor and converter.
14.6 Protective devices for mechanical brakes

Opération of the overload and overcurrent protective devices for mechanical brake actuators
trattmitiatethesimuttaneous de—energizatiom (refease)y of theassociatedmachimeactuators:

NOTE Associated machine actuators are those associated with the same motion, for example cable drums and
long-travel drives.

15 Accessories Socket-outlets and lighting

15.1 Socket-outlets for accessories

Where the machine or its associated equipment is provided with socket-outlets that are
intended to be used for accessory equipment (for example hand-held power tools, test
equipment), the following apply:
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— the socket-outlets should conform to IEC 60309-1. Where that is not practicable, they
should be clearly marked with the voltage and current ratings;

— the continuity of the protective bonding circuit to the socket-outlet shall be ensured-except
S i PELV:

— all unearthed conductors connected to the socket-outlet shall be protected against
overcurrent and, when required, against overload in accordance with 7.2 and 7.3
separately from the protection of other circuits;

— where the power supply to the socket-outlet is not disconnected by the supply discon-
neciing device for the machine or the section of the machine, the requirements of 5.3.5
apply;

- where fault protection is provided by automatic disconnection of supply, the disconfigction
time shall be in accordance with Table A.1 for TN systems or Table A.2 for TT systems;

- circuits supplying socket-outlets with a current rating not exceeding 20 A shathbe provided
with residual current protection (RCDs) with a rated operating current Rot exceeding
30 mA.

15.2 Local lighting of the machine and of the equipment

15.2.1 General

The ON/OFF switch shall not be incorporated in‘the lampholder or in the flexible connecting
cord.

Stroboscopic effects from lights shall be avoided by the selection of appropriate luminaires.

Where fixed lighting is provided invan enclosure, electromagnetic compatibility should be
faken into account using the principles outlined in 4.4.2.

15.2.2 Supply

The nominal voltage of(the local lighting circuit shall not exceed 250 V between conductors. A
voltage not exceeding 50 V between conductors is recommended.

|_ighting circuits"shall be supplied from one of the following sources (see also 7.2.6):

- a dedieated isolating transformer connected to the load side of the supply disconnecting
devige \Overcurrent protection shall be provided in the secondary circuit;

- a-dedicated isolating transformer connected to the line side of the supply disconnecting
device. That source shall be permitted for maintenance lighting circuits in contro
énclosures only. Overcurrent protection shall be provided in the secondary circuit (se€
also 5.3.5-and-13-13);

— a-machine circuit of the electrical equipment of the machine for lighting, with dedicated
overcurrent protection;

— an isolating transformer connected to the line side of the supply disconnecting device,
provided with a dedicated primary disconnecting means (see 5.3.5) and secondary
overcurrent protection, and mounted within the control enclosure adjacent to the supply

disconnecting device-{see-alse-13-43);

— an externally supplied lighting circuit (for example factory lighting supply). This shall be
permitted in control enclosures only, and for the machine work light(s) where their total
power rating is not more than 3 kW;
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— power supply units, for DC supply to LED light sources, fitted with isolating transformers
(for example, in accordance with IEC 61558-2-6).

Exception: where fixed lighting is out of reach of operators during normal operations, the
provisions of 15.2.2 do not apply.

15.2.3 Protection

Local lighting circuits shall be protected in accordance with 7.2.6.

15.2.4 Fittings

Adjustable lighting fittings shall be suitable for the physical environment.

The lampholders shall be:

— in accordance with the relevant IEC standard;

- constructed with an insulating material protecting the lamp cap)so as to prevent
unintentional contact.

Reflectors shall be supported by a bracket and not by the lampholder.

Fxception: where fixed lighting is out of reach of operators during normal operation, the
provisions of 15.2.4 do not apply.

16 Marking, warning signs and reference designations

16.1 General

Warning signs, nameplates, markings, labels and identification plates shall be of sufficient
durability to withstand the physical envifonment involved.

16.2 Warning signs
16.2.1 Electric shock hazard

Fnclosures that do not otherwise clearly show that they contain electrical equipment that can|
pive rise to a risk of eleetric shock shall be marked with the graphical symbol-{EC-60417-503§

(DB-2002-10) ISO 7030-W012 (see Figure 18).

Figure 18 — Symbol ISO 7010-W012
The warning sign shall be plainly visible on the enclosure door or cover.

The warning sign may be omitted (see also 6.2.2 b)) for:
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— an enclosure equipped with a supply disconnecting device;
— an operator-machine interface or control station;
— asingle device with its own enclosure (for example position sensor).

16.2.2 Hot surfaces hazard

Where the risk assessment shows the need to warn against the possibility of hazardous
surface temperatures of the electrical equipment, the graphical symboltEC-60447-5041
ISO 7010-WO017 shall be used (see Figure 19).

Figure 19 — SymboNSO 7010-W017

NOTE 1ISO 13732-1 gives guidance for the assessnlent of the risks of burns when humans might touch ho
surfaces with their unprotected skin.

16.3 Functional identification

Control devices and visual indicators%—disp#ays—épapﬂeu%ﬁy—ﬂwse—%ed—te—saie%y—) shal
be clearly and durably marked(with regard to unctions either o j i
e t

Such markinas mav-be as.gareed between
dch-MadhRgsS—ay-—oeasSagreeaoetweehn

such markmgs are made in accordance W|th IEC 60417-9820@2 and ISO 7000.

16.4 Marking of enclosures of electrical equipment

Equipment(for-example—contrelgear—assembliesy The following information shall be legibly

and ~durably marked in a way that is plainly visible after the equipment is installed on

enClosures that receive incoming power supplies.-A-rameplate-giving-the folowing-information

Ehall he attached to the enclasiire adiscent to each incomina sunnly

e name or trade mark of supplier;

o certification mark or other marking that can be required by local or regional legislation,
when required;

trouit ratina_of : ;

o type designation or model, where applicable;
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e serial number where applicable;

e main document number (see IEC 62023) where applicable;

e rated voltage, number of phases and frequency (if AC), and full-load current for each
incoming supply.

vis recommenaded that this information Is providaed adjacent 10 tThe maln incoming supply(ies).

16.5 Reference designations
All enclosures, assemblies, control devices, and components shall be plainly identified with

the same reference designation as shown in the technical documentation.

17 Technical documentation

17.1 General

The information necessary for identification, transport, installation,—eperation—and use
maintenance, decommissioning and disposal of the electricaleguipment-efa-machine shall beg

supplied appropria orm or—example—drawing diagram ha ble
b ’ ki b b )

Tha information-shall be in an asareed lanausae (see Hlso Annex B) The information-provide
—Re-HHorfmatoh-Sha—BeHhahagreeaahguage{See—aHso-Ahhexb)—hehormatonRproviae
av vary wit the combnlexitvy of the electricaldeatinment For vervy simple eauinment th
ay—Vary—MHR—tthe—comprexdty o the—eeCtHCca < eqtHphent—o— ey SHimpre—equtipment—ne
alevant information mav bhe contained-inone - deciument nrovided that the document shows 3l
erevahhrorRatonMayy-oe-conatire - ohe GecUmenTproviGecmmattRe- GoOCUHMEe Rt SROWS a1
he devices of the alectrical eauinment and adables the connections to-the sunnlvy natwork t
e GevcesS-orthe-eiectica—equHpmetaRG€RlanieStHe-CoORReCcHORS O tHRe-SUPPHY-REeTWOIKT

ine- Documentation is sometimes supplied in paper form
Bince it cannot be assumed that the usei\Has access to the means of reading instructions supplied in electronid
form or made available on an Internef-site. However, it is often useful for the documentation to be made availablg
n electronic form and on the Intefiet as well as in paper form, since this enables the user to download thg
Electronic file if he so wishes and\te recover the documentation if the paper copy has been lost. This practice alsd
Facilitates the updating of the documentation when this is necessary.

NOTE 2 In some countries, the requirement to use specific language(s) is covered by legal requirements.

Annex | should be tonsidered as guidance for the preparation of information and documents.

17.2 Information-to-be-provided related to the electrical equipment
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A)

b)
C)

The following shall be supplied: 6\

\Q}C)environmental limitations (for example lighting, vibration, EMC environment,

where more than one document is provided @nain document for the electrical equipment
as a whole, listing the complementaiXQdocuments associated with the electrica
equipment;

identification of the electrical equipment (see 16.4);
information on installation and m@ ing including:

e a description of the electr@equipment’s installation and mounting, and its connection|
to the electrical supplieba d where relevant other supplies;

e short-circuit currentng.tmg of the electrical equipment for each incoming power supply;

e rated voltage, er of phases and frequency (if AC.), type of distribution system
(TT, TN, IT) and full-load current for each incoming supply;

e any additi electrical supply(ies) requirements (for example maximum supply source
impeda 7leakage current) for each incoming supply;

o sp@équired for the removal or servicing of the electrical equipment;
I

o i@ lation requirements where needed to ensure that the arrangements for cooling
e not impaired;

atmacnharic contaminanto) ywhaora anneranriata-
T OSSP e GOttt S v Here—appropt =

d)

e functional limitations (for example peak starting currents and permitted voltage
drop(s)) as applicable;

e precautions to be taken for the installation of the electrical equipment relevant to the
electromagnetic compatibility;

an instruction for the connection of simultaneously accessible extraneous-conductive-
parts in the vicinity of the machine (for example, within 2,5 metres) such as the following
to the protective bonding circuit:

e metallic pipes;

e fences;
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ladders;

handrails.

e) information on the functioning and operation, including as applicable:

an overview of the structure of the electrical equipment (for example by structure
diagram or overview diagram);

procedures for programming or configuring, as necessary for the intended use;

procedures for restarting after an unexpected stop;

f) information on maintenance of the electrical equipment, as appropriate, including: (19

g) information on handling, tragsportation and storage as appropriate (for example
dimensions, weight, environm&htal conditions, possible ageing constraints);

h) information for proper c{i?s%embly and handling of components (for example for recycling
or disposal). .\Q

17.3 R . g\gl bl Hd tati

a sequence of operation; ©

frequency and method of functional testing; A\

instructions on the procedures for safe maintenance and where it is@e\c‘essary tg
suspend a safety function and/or protective measure (see 9.3.6);

guidance on the adjustment, repair, and frequency and m tf@d of preventive
maintenance; %

details of the interconnections of the electrical components sub}ect to replacement (for
example by circuit diagrams and/or connection tables); Q

information on required special devices or tools; Q
information on spare parts;

information on possible residual risks, indicati hgff whether any particular training ig
required and specification of any necessary peéonal protective equipment;

where applicable, instructions to restric ilability of key(s) or tool(s) to skilled on
instructed persons only; Q
\Y

settings (DIP-switches, programma@arameter values, etc);

information for validation of saf
and for periodic testing where

lated control functions after repair or modification,



https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

111 -

2016 RLV © IEC 2016

IEC 60204-1

and cettina-of th
aREG—SettRg—ot

rated - currents

istics

STHaTraGtC T otroo;

The data necessarv for choosina-the tvne  characte

TotC O outrrorito;

PSS

device(s) fcr the csunnlv

PTrotcouvc—aTVvicT(oy

L1na~

CHoootyg

TOT

J
vercurrent nrotective

mToooooat
vVoTrourtorit

TToc—data

eaguinmen
eqtHpent

tHo—oroottoart

conductors to the electrical

tHC—Oo U PPy ot octors

+ ofN
Q"
ra to h

ion that

tha foundat

n
H

location-of anv duets

rToCatroTT

the siza nurnose _and

ANhara nacaessary

Vo T o

ot raatrorT

L3m a2

Tty GuGto T

O

[SACLE SASA-A-FREE= TR A

oo CS

TooToooary;

&\th mace

The size tvne and nurnose of duects ecable travse or eable sunnorts betwe

CTOOTCOUpP P OTto 9Tty

U PuUTr P oot o Gutto;CaoiTtuayo; Ot

PSS

o —oT£CS

N

NI red for the removal of

IS ra

Laeg

where cnace

ndicate

the digaram-—shall
tHe—Giagram

ANhare necessary

v ITo TS

T oI rovarr—ot

TOT

o oo

=
%

e
q
3
d
o
[«
q
K¢
q
Ne
u
9
g
Q
§
o
q
g
Q
o
T
Re

WHcTro—opacT

raroatc

oot

oo ooary;

tarconnact
te-GoRhReCH

jeny
(43}

ta

O AP PTopTTatc;

T3 TaYaldaYaVdE-]

whara
where

on

A=A~ A~ RRYA~ 4N

T
T
q
q

LA SARSA LS A-AS T

6

Ot —ot

cagrattt

L

rons
TatoTTy

pu
q
q

mod
oG

he

ta 1

d

chall

q
g
=

unnly

ot

e

Sragtrartt

th

ranresaents
HePHresSets

svmbolicall

disaram

An  oveaerview

nrovided

digaram-—<chall

varviaw

oy oo arty

Sragrattt

OV CTVICVYY

Cagtrattt

VOTVICVY



https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

IEC 60204-1:2016 RLV © IEC 2016

-112 -

).

see 18.4);

(

conditions for protection by automatic disconnection shall be verified according to 18.2;
protection against residual voltage (see 18.5

verification that the electrical equipment complies with its technical documentation;

verification of continuity of the protective bonding circuit (Test 1 of 18.2.2);

voltage test

)
b)
)
)

c) in case of fault protection-against-indirect-contact by automatic disconnection of supply,

d) insulation resistance test (see 18.3);

h) functional tests (see 18.6).

a
e

f
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| g) verification that the relevant requirements of 8.2.6 are met;


https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

IEC 60204-1:2016 RLV © IEC 2016 - 113 -

When these tests are performed, it is recommended that they follow the sequence listed
above.

When the electrical equipment is modified, the requirements stated in 18.7 shall apply.

FFor verifications that include measurement, measuring equipment in accordance with the
EC 61557 series is recommended.

The results of the verification shall be documented.

18.2 Verification of conditions for protection by automatic disconnection“of supply
18.2.1 General

The conditions for automatic disconnection of supply (see 6.3.3) shall*be verified by tests.
Test 1 verifies the continuity of the protective bonding circuit.

Test 2 verifies the conditions for protection by automatjc\disconnection of the supply in TN
systems.

For TN-systems, those test methods are described(in 18.2.2 and 18.2.3; their application for
different conditions of supply are specified in 18:2.4.

For TT systems, see Clause A.2.
For IT systems, see IEC 60364-6.

Where RCDs are used in thée“electrical equipment, their function shall be verified in
pccordance with the manufacturer’s instructions. The test procedure and test interval shall bd
specified in the maintenanpe&sinstructions.

18.2.2 Test 1 — Verification of the continuity of the protective bonding circuit

The(resistance-of-each-protective-bonding-circuit between the PE terminal (see 5.2 and Figure

1)\and relevant points that are part of-each the protective bonding circuit shall be measured
V;t:l d bullcllt IUUtVVUUII dt icaat 0,2 A <:|IIUI dpplU}\;llldtU:y 10 A u'clivcd fIUIII all Uicbtlibd“
separated supply source (for example SELV, see 414 of |IEC 60364-4-41.2005) having a
maximum no-load voltage of 24 V AC or DC.-H-isrecommended-not-to-useaPELV supply
. . I i . lts in thi _

The resistance measured shall be in the expected range according to the length, the cross
sectional area and the material of the related protective conductors and protective bonding
conductor(s).

Earthed PELV supplies can produce misleading results in this test and therefore shall not be
used.
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NOTE Larger currents used for the continuity test increases the accuracy of the test result, especially with low
resistance values, i.e. larger cross sectional areas and/or lower conductor lengths.

18.2.3 Test 2 - Fault loop impedance verification and suitability of the associated
overcurrent protective device

The connections of-the each power supply—and—efthe—incoming—external including the

connection of the associated protective conductor to the PE terminal of the machine, shall be
verified by inspection.

The conditions for the protection by automatic disconnection of supply in accordance with

£.3.3 and Annex A shall be verified by both:

p) verification of the fault loop impedance by:
— calculation, or

— measurement in accordance with A.1.4, and

b) confirmation that the setting and characteristics of the associated owercurrent protective
device are in accordance with the requirements of Annex A, and¢Cwhere a power drive
system (PDS) is used, confirmation that the setting and characterxistics of the protective
device(s) associated with a PDS are in accordance with the gen¥erter manufacturer’s and
protective device manufacturer’s instructions.

When Test 2 of 18.2.3 is carried out by mieasurement, it shall always be preceded by Test 1 of
18.2.2.

NOTE A discontinuity of the protective\bonding circuit can cause a hazardous situation for the tester or othef
pbersons, or damage to the electrical equipment during the loop impedance test.

The tests that are necessary for machines of different status are specified in Table 9.-Fablg
: | | S : . _
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Table 9 — Application of the test methods for TN-systems

Procedure

Machine status

Verification on site

A

Electrical equipment of machines, erected and
connected on site, where the continuity of the
protective bonding circuits has not been
confirmed following erection and connection on
site.

Test 1 (see 18.2.2) and test 2 (see 18.2.3)
Exception:-If previous calculations of the fault
! )

manufacturer-are-available-and Test 2 is not
required where:

— test 1 is performed on the protective

L H ol 4 £ Ll [ 4l
DO g e ot uetorS— ot — et — G

are connected on site, and;

— the connections of each incoming powef
supply and of the associated prbiectivg
conductor (PE) to the PE-termigal of thdg
machine, are verified by inSpection, an
previous calculations of)thé fault looj
impedance (or resisfance) by thg
manufacturer of the(électrical equipmen|
are available, and¢

— the arrangement of the installation
permits the vetification of the length an
cross-sectional area of the conductor
used for the calculation, and

— it can be confirmed through calculation of
measurement, or by information supplie
by-the customer, that the supply sourcd
impedance on site-is-less-than-erequal-t¢
that of the supply used for the valug

assumed for the —calculation by th¢
manufacturer does not exceed the valug
specified by the manufacturer of thg
electrical equipment. See 17.2 c), fourth
bullet).

Machine supplied with confirmation of the
verification (see_18.1) of continuity of the
protective bonding circuits by test 1 or with the
results of a-test 2 by measurement, having
protective bonding circuits exceeding the cable
length for which examples are given in Table 10.

Case B1) supplied fully assembled and not
dismantled for shipment,

Test 2 (see 18.2.3)
Exception:

Where it can be confirmed through
calculation or measurement, or by informatio
supplied by the customer, that the supply
source impedance on site-is-less-than-or

iep does no
exceed the value specified by the
manufacturer of the electrical equipment, or
that of the test supply during a test 2 by
measurement, no test is required on site
apart from verification of the connections:

. in case B1) of-thepower—supply—and-of
the—incoming—external of each incomin

power sunnly _and of the associate
g ™Y

CdbU 52} auppiit:u' \jiblllcﬂll“cuI I’UI b;liplllUll‘l,
where the continuity of protective conductors is
ensured after dismantling, transportation and
reassembly (for example by the use of
plug/socket connections).

protective conductor to the PE terminal
of the machine;

® in case B2) of-thepowersupply—and-of
the—incoming—external each incoming
power supply and of the associated
protective conductor to the PE terminal of
the machine and of all connections of the
protective  conductor(s) that were
disconnected for shipment.
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Machine having protective bonding circuits not
exceeding the cable length for which examples
are given in Table 10, supplied with confirmation
of the verification (see 18.1) of continuity of the
protective bonding circuits by test 1-ortest 2 (see

Case C1) supplied fully assembled and not
dismantled for shipment.

Case C2) supplied dismantled for shipment,
where the continuity of protective conductors is

For case C1 or C2, no test is required on site.
For a machine not connected to the power
supply by a plug/socket combination, the
correct connection of the-incoming external
protective conductor to the PE-terminal of the
machine shall be verified by visual
inspection.

In case C2), the installation documents (see

ensured arter dismantling, transportation and
reassembly (for example by the use of
plug/socket combination(s)).

T7.Z) shall require that all connections of the
protective conductor(s) that were
disconnected for shipment are verifiedfor
example by visual inspection.
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Table 10 — Examples of maximum cable lengths from-each protective
devices to-its their loads for TN-systems
1 2 3 4 5 6 7 8 9
el Minimum Maximum Fuse Fuse Miniature Miniature |Miniature| Adjustapl
Maximum cross- nominal disconnect | disconnect circuit- circuit- circuit- | e circuit-
source sectional rating or time5s time 0,4 s breaker breaker breaker | breaker
impedance area setting of the char.B-4 char.C-8 char.D [I,=8x/Jy
of the supply protective I,=5x1, | I,=10xIy I, = 20 x |disconnpe
- a ] f
to each the device disconnect | disconnect I ttime 014
protective Iy timo 0 1< time 01g S
device
mQ mm?2 A Maximum cable length in m from each protective device to its-load
500 1,5 16 97 53 76 30 7 28 B1
500 2,5 20 115 57 94 34 3 36
500 4,0 25 135 66 114 35 38
400 6,0 32 145 59 133 40 43
300 10 50 125 41 132 338 37
200 16 63 175 73 179 55 61
200 25 (line)/16 80 133 38
(PE)
100 35 (line)/16 100 136 73
(PE)
100 50 (line)/25 125 141 66
(PE)
100 70 (line)/35 160 138 44
(PE)
50 95 (line)/50 200 152 98
(PE)
50 120 (line)/70 250 157 74
(PE)
The values of the maximum cable length in Table 10 are based on the following assumptions:
e PVC cable with copper conductors, conductor temperature under short-circuit conditions 160 °C [(see
Table D.5);
e cables with line condiictors up to 16 mm? provide a protective conductor of equal cross sectional arga to
that of the line conduetors;
e cables above #6\mm?2 provide a reduced size protective conductor as shown;
e 3-phase system; nominal voltage of the power supply 400 V (U, = 230 V),
e column_3 values are correlated with Table 6 (see 12.4).
e discoernection time for circuit-breakers is < 0,4 s (columns 6 — 9) |
Addeviation from these assumptions can require a complete calculation or measurement of the fault loop
impedance. Further information is available from IEC 60228 and IEC TR 61200-53.
18.3,~ Insulation resistance tests

When insulation resistance tests are performed, the insulation resistance measured at
500 V DC between the power circuit conductors and the protective bonding circuit shall be not
less than 1 MQ. The test may be made on individual sections of the complete electrical
installation.

Exception: for certain parts of electrical equipment, incorporating for example busbars,
conductor wire or conductor bar systems or slip-ring assemblies, a lower minimum value is

permitted, but that value shall not be less than 50 kQ.

5_1n accordance with-the IEC 60898 series-
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If the electrical equipment of the machine contains surge protection devices which are likely
to operate during the test, it is permitted to either:
— disconnect these devices, or

— reduce the test voltage to a value lower than the voltage protection level of the surge
protection devices, but not lower than the peak value of the upper limit of the supply
(phase to neutral) voltage.

18.4 Voltage tests

When voltage tests are performed, test equipment in accordance with IEC 61180-2 should ‘bg
used.

The test voltage shall be at a nominal frequency of 50 Hz or 60 Hz.

The maximum test voltage shall have a value of twice the rated supply-voltage of the
equipment or 1 000 V, whichever is the greater. The maximum test voltage, shall be applied
between the power circuit conductors and the protective bonding cireuit for—a—pericod—of
ppproximately at least 1 s. The requirements are satisfied if no disruptivesdischarge occurs.

Components and devices that are not rated to withstand the test\voltage and surge protection
devices which are likely to operate during the test shall be disconnected during testing.

Components and devices that have been voltage testéd-in accordance with their product
standards may be disconnected during testing.

18.5 Protection against residual voltages

Where appropriate, tests shall be performed to.ensure compliance with 6.2.4.

18.6 Functional tests

The functions of electrical equipmentishall be tested.

18.7 Retesting

Where a portion of the machine-and or its associated equipment is changed or modified,-tha{

portion-shall-be feyerified-and retested,—as—appropriate {see18-1) the need for re-verification

and testing of the electrical equipment shall be considered.

Particular.attention should be given to the possible adverse effects that retesting can have on
the equipment (for example overstressing of insulation, disconnection/reconnection of
devices).
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Annex A
(normative)

Fault protection by automatic disconnection of supply

A.1  Fault protection for machines supplied from TN-systems

A.1.1 General

The provisions in the Annex A are derived from IEC 60364-4-41:2005, and IECY60364-6:2006.

F-ault protection-against-indirect-contact shall be provided by an overcurrent protective device
that automatically disconnects the supply to the circuit or equipment in the event of a faulf
between a live part and an exposed conductive part or a protective conductor in the circuit of
equipment, within a sufficiently short disconnecting time. A disconnecting time not exceeding
b s is considered sufficiently short for machines that are neither.hand-held nor portable.

Exception: Where this disconnecting time cannot be assured,-measures-shall-be-implemented
[for-example supplementary protective bonding)-te shall be provided in accordance with A.1.3
fhat can prevent a prospective touch voltage from exceeding 50 V AC or 120 V ripple-free DG
between simultaneously accessible conductive pdarts.-See-A3-

NOTE The use of supplementary protective bonding does not preclude the need to disconnect the supply for othef
feasons, for example protection against fire, thermalstresses in equipment, etc.

For circuits which supply, through socket-outlets or directly without socket-outlets, Class 1
hand-held equipment or portable equipment (for example socket-outlets on a machine for
pccessory equipment, see 15.1) Table A.1 specifies the maximum disconnecting times that
are considered sufficiently short,
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Table A.1 — Maximum disconnecting times for TN systems

v
L
Ll

Y2 Dicesmmentios tloe
s
0;8
04
04
02
0+

System 50V<U,<120V 120 V< U, <230V 230 V< Uy <400\ U, > 400V
S S S S
AC DC AC DC AC DC AC DC
TN 0,8 NOTE 1 0,4 5 0,2 0,4 0,1 0,1

U, is the nominal AC or DC line to earth voltage.
NOTE 1 Disconnection may be required for reasons other than'protection against electric shock.

NOTE 2 For voltages which are within the tolerance,"oand stated in IEC 60038, the disconnecting time
appropriate to the nominal voltage applies.

NOTE 3 For intermediate values of voltage, the next-higher value in the above table is to be used.

A.1.2 Conditions for protection.by automatic disconnection of the supply by
overcurrent protective-devices

The characteristics of overcurrent protective devices and the circuit impedances shall be such
that, if a fault of negligible impedance occurs anywhere in the electrical equipment between 3
bhase line conductor and-a protective conductor or exposed conductive part, automatic
disconnection of the supply will occur within the specified time (i.e. <5 s or <values in
pccordance with TableA.1). The following general condition fulfils this requirement:

Z,x1, <U,
where

is-the impedance of the fault loop comprising the source, the live conductor up to the point
ofthe fault and the protective conductor between the point of the fault and the source;

s—the—Turrentcausing the—autommaticoperationmof —the—distonmectingprotective devic
within the specified time;

U, is the nominal AC voltage to earth.

The increase of the resistance of the conductors with the increase of temperature due to the
fault current shall be taken into account-{see-A-4-3} in the following equation:

Zs(n)ézxﬂ
3 I

a

where Z.(n) is the measured or calculated value of Z; under normal operating conditions.
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Where the value of the fault loop impedance exceeds 2U,/3/, , a more precise assessment
can be made in accordance with the procedure described in C.61.3.6.2 of IEC 60364-6:2006.

A1.3 Condition for protection by reducing the touch voltage below 50 V

Where the requirements of A.1.2 cannot be assured, supplementary protective bonding-is can
be selected as the means of ensurm%;eteet&%aeams&haza%deus that touch voltages—the

w will mof
exceed 50 V. This is achleved when the |mpedance of the protectlve bondlng circuit AZpg
does not exceed:

Zpg < _l5](3 xZg

Where Zpg is the impedance of the protective bonding circuit between the equipment
anywhere in the installation and the PE terminal of the machine (see?5.2 and Figure 4) of
between simultaneously accessible exposed conductive parts and/or“extraneous-conductive
parts.

Confirmation of this condition can be achieved by using theDmethod of Test 1 of 18.2.2 tg
measure the resistance Rpg. The condition for protection jis achieved when the measured
value of Rpg does not exceed:

50
7 a(5s)

RPE <

where

{a(5s) is the 5 s operating current of.the protective device;

Rpe  is the resistance of the protective bonding circuit between the PE terminal (see 5.2
and Figure 4) and _the equipment anywhere on the machine, or between
simultaneously accessible exposed conductive parts and/or extraneous-conductive
parts.

NOTE 1 Supplementary protective bonding is considered as an addition to fault protection—against—indirecy
Eontact.

NOTE 2 Supplementary protective bonding may involve the entire installation, a part of the installation, an item o
ppparatus, or a Jocation.

A.1.4 Verification of conditions for protection by automatic disconnection of the
supply

IA.1.4.1 General

The effectiveness of the measures for fault protection—against-indirect-contact by automatic
disconnection of supply in accordance with A.1.2 is verified as follows:

— verification of the characteristics of the associated protective device by visual inspection
of the nominal current setting for circuit-breakers and the current rating for fuses, and;

— measurement of the fault loop impedance (Zg). See Figure A.1.

Exception: Verification of the continuity of the protective conductors may replace the
measurement where the calculations of the fault loop impedance-erof-the resistance—of-the
protective-conductors are available and when the arrangement of the installations permits the
verification of the length and cross-sectional area of the conductors.
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Where a power drive system (PDS) is used, the disconnection time for fault protection shall
meet the relevant requirements of this Annex A at the incoming supply terminals of the basic
drive module (BDM) of the PDS. See Figure A.2.

A.1.4.2 Measurement of the fault loop impedance

Where measurement of the fault loop impedance—shal—be is performed,—using it is
recommended that the measuring equipment comply with IEC 61557-3. The information about
the accuracy of the measuring results, and the procedures to be followed given in the
focumemntation of the measuring equipment shtattbe consigerea:

Measurement shall be performed when the machine is connected to a supply having theysame
frequency as the nominal frequency of the supply at the intended installation.

NOTE Figure A.1 illustrates a typical arrangement for measuring the fault loop impedance on a machine.

NOTE If it is not practicable for the motor to be connected during the test, the‘two-phase ling
conductors not used in the test-ean may be opened, for example, by removing fuses.

The measured value of the fault loop impedance shall-cemply be in aceordance with A.1.2.

Machine
| ~
: 1\ / M
| ~ \ \3~
I PE
. I\\
Power supply Fault loop . 7
I impedance tester I |
L1 Y Y Y LI N~ in accordance with | Zs |
RN IEC 61557-3
L2 A A N e N L L,
L3 L 7YY Y L ! N~
~
7
N} |
. N -
J N
— PE —————®  To other circuits of the
I — ——> electrical equipment
. | -

Figure A.1 — Typical arrangement for fault loop
impedance (Z;) measurement in TN systems
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a
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. . ———p  To other circuits of the
= PE . — —9 elegtrical equipment

A.2 Fault protection for machines supplied from TT-systems

A.2.1 Connection to earth

All exposed-conductive-parts andvall extraneous-conductive-parts shall be bonded to the
protective bonding circuit.

Exception: see 8.2.5.

n addition to the reguirements of 5.2, provision for additional earthing of machine elements
bnd/or the PE cohductor of the electrical equipment may be provided.

NOTE In a IRsystem, the neutral point or the mid-point of the power supply system is earthed, or where a neutra
pboint or mi@/peint is not available or not accessible, a line conductor is earthed (derived from IEC 60364-4
11:2005, 411.5.1).

A.2.2 Fault protection for TT systems

AZ 21 General

Generally in TT systems, RCDs shall be used for fault protection. Alternatively, overcurrent
protective devices may be used for fault protection provided a suitably low value of Zg is
permanently and reliably assured. Zg is the impedance of the fault loop.

NOTE In some countries the use of overcurrent protective devices is not permitted as the means of fault
protection in TT systems.

Where automatic disconnection of supply is used as a measure for fault protection, the
electrical equipment designer may either:
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a) use in the design calculations a value of earth electrode resistance or earth fault loop
impedance measured in accordance with IEC 60364-6 or declared by the intended user of
the equipment (see Annex B); or

b) for series-manufactured machines, specify a value of the earth electrode resistance or
earth fault loop impedance suitable for the intended installations;

and shall state in the installation instructions the value of earth electrode resistance or earth
fault loop impedance used for the design of the electrical equipment, specifying that this is the
maximum value to which the machine can be connected.

\Where a power drive system (PDS) is used, the disconnection time for fault protectiond@
meet the relevant requirements of this Annex A at the incoming supply terminals of th sig
drive module (BDM) of the PDS. See Figure A.4. Q\

A.2.2.2 Protection by residual current protective device (RCD) 8‘

Where a residual current protective device (RCD) is used for fault protthjon, the following
conditions shall be fulfilled:

@
p) disconnection time as required by Table A.2, and b‘
b) Ry x I, <50 V (19
@Q
where: C)
R, is the sum of the resistances of the earth elec\ and the protective conductor for
each exposed conductive-part,

/\n Is the rated residual operating current of th@CD

- xception: a disconnection time not exceedu@q s is permitted for distribution circuits and for
circuits not covered by Table A.2. s\
%

NOTE 1 Fault protection is provided in this caSeralso if the fault impedance is not negligible.
NOTE 2 Where discrimination between&’\@i)s is necessary, information is given in 535.3 of IEC 60364-5-53:2001.

NOTE 3 The disconnection time @accordance with Table A.2 relate to prospective residual fault currentg
Bignificantly higher than the rated\lgs ual operating current of the RCD (typically 5 7, ).

NOTE 4 The definition ofﬁ}\is extracted from IEC 60364-4-41. In this part of IEC 60204, the term “earth
Electrode” in the definition o is considered to mean the “earth-return path” as defined by IEC 60050-195:1998
195-02-30.

A

A.2.2.3 Prvgaion by overcurrent protective devices

\Where ané;@current protective device is used the following condition shall be fulfilled:

C)% Z x 1, < U,
e:

RL

Z, is the impedance of the fault loop comprising:

the source,

the line conductor up to the point of the fault,

the protective conductor of each exposed-conductive-part,

the earthing conductor,

the earth electrode of the installation and the earth electrode of the source;

I, is the current causing the automatic operation of the disconnecting device within the time
specified in Table A.2.
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Exception: a disconnection time not exceeding 1 s is permitted for circuits not covered by
Table A.2.

U, is the nominal AC or DC line to earth voltage.

The maximum disconnection times stated in Table A.2 shall be applied to circuits not
exceeding 32 A. Maximum disconnection times shall not exceed 1 s for circuits 32 A or
greater.

-_ . . . .
rawvi .

System 50V<U <120V 120V<U, <230V 230 V< U <400V U°>400X6\Q)
s s s s\\’.v
AC DC AC DC AC DC AC/)_\/ DC
TT 0,3 NOTE 0,2 0,4 0,07 0,2 ()(\\O}S- 0,1

Where in TT systems the disconnection is achieved by an overcurrent protective device~and all extraneous-
conductive-parts will be connected to the protective bonding circuit, the maximum disco@ection times specified
in Table A.1 may be used. (%)

N

U, is the nominal AC or DC line to earth voltage. (\b‘

\J
NOTE Disconnection can be required for reasons other than protection agng' electric shock.
c

A.2.3 Verification of protection by automatic disc@}aection of supply using a
residual current protective device O‘\

FFault protection in a TT system by automatic disegnection of supply using a residual current
protective device shall be verified by the foIIo\ X

N
o inspection of the rated residual current@tripping value, and the disconnecting time valug
of the residual current protective devié®, and

o verification that the residual cur@’t\'protective device has been tested in accordance with
a relevant IEC standard, and .\@

b inspection of the connect@s to the residual current protective device and protective
bonding circuit. \{:\
- O .
A.2.4 Measuremen@the fault loop impedance (Z,)

\WWhere measurem of the fault loop impedance is performed the measuring equipment
should comply @ IEC 61557-3. The information about the accuracy of the measuring
results, and t?@) procedures to be followed given in the documentation of the measuring
Equipment @h be considered.

The r%?urement shall be performed with the electrical equipment connected to a supply of
be&//(é} 99 % and 101 % the nominal frequency of the supply at the intended installation.
A\

OTE T Figure A.3 illustrates a typical arrangement for measuring the fault loop impedance on a machine.

If it is not practicable for the motor to be connected during the test, the two line conductors
not used in the test may be opened, for example, by removing fuses.

NOTE 2 Figure A.4 illustrates a typical arrangement for measuring the fault loop impedance when a power drive
system is used.

The measured value of the fault loop impedance shall be in accordance with A.2.2.3.

NOTE 3 Information on the verification of performance of a residual current protective device and measurement of
earth fault loop impedance can be found in IEC 60364-6.
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Figure A.3 — Typical arrangement for fault loop
impedance (Z;) measurement iR T systems
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Figure A.4 — Typical arrangement for fault loop impedance (Z;)
measurement for power drive system circuits in TT systems
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Annex B
(informative)

Enquiry form for the electrical equipment of machines

e

egquipment—It The use of this enquiry form can facilitate an—agreement exchange of
nformation between the user and supplier on basic condiiions and additional Uusefr
requirements to enable—proper suitable design, application and utilization of the electrica
equipment of the machine (see 4.1) particularly when the conditions on site can deviate.from|
those generally expected.

Annex B can also serve as an internal checklist for serial manufactured maching$/

Name of manufacturer/supplier

Name of end user

Tender/order number Date

Type of machine Type designation Serial number

1. Special conditions (see Clause 1)

B) Is the machine to be used in the open air? Yes/No Ne If yes,
specification
b) Will the machine use, process or produce explosive | YesiNo If yes,
br flammable material? specification
C) Is the machine for use in potentially explosive or Yes/No If yes,
flammable atmospheres? specification
) Can the machine present special hazards when Yes/No If yes,
pbroducing or consuming certain materials? specification
e) Is the machine for use in mines? Yes/No Ne If yes,
specification

R. Electrical supplies and related conditions (see
B.3)

) Anticipated voltage fluctuations/(if more than +10 %)

b) Anticipated frequency fluctuations (if more than Continuous Short time
2 %)

C) Indicate possible.future changes in electrical
equipment that will.require an increase in the electrical
supply requirements

) Specify~voltage interruptions in supply if longer than
specified\in.Clause 4 where electrical equipment has to
maintain, operation under such conditions

B. Physical environment and operating conditions
sep 4 A)

a) Electromagnetic environment (see 4.4.2) Residential, Industrial
commercial or environment
light industrial
environment

Special EMC conditions or requirements

b) Ambient temperature range

¢) Humidity range

d) Altitude

e) Special environmental conditions (for example
corrosive atmospheres, dust, wet environments)
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f) Radiation

g) Vibration, shock

h) Special installation and operation requirements (for
example flame-retardant cables and conductors)

i) Transportation and storage (for example,
temperatures outside the range specified in 4.5)

k) restrictions related to size. weight or point load

. Incoming electrical supplies

Specify for each source of supply:

p) Nominal voltage (V)

AC

DC

If AC, number of
phases

Frequency (Hz)

alue of the supply source impedance (Q) at the point
pf connection to the electrical equipment

Prospective short-circuit current (kA r.m.s.) at the point

pf-supply-to-the-machine(kA+-m-s-) connection to the

blectrical equipment (see also item 2)

b) Type of-power-supply-earthing distribution system
see |[EC 60364-1)

TN (system with
one point diregtly
earthed, with a
protective
conductor\(PE)
directly
connécted to that
point); specify if
the earthed point
is the neutral
point (centre of
the star) or
another point)

TT (system with
one point directly
earthed but the
protective
conductor (PE) of
the machine not
connected to that
earth point of the
system)

IT (system that is

not directly
earthed)
n the case of IT systems, is insulatiom monitoring/fault | Yes No
ocation to be provided by the supplier of the electrical
Equipment?
C) Is the electrical equipment to be connected to a Yes No
heutral (N) supply conductor? (See 5.1)
Maximum current (ANallowed
H) Supply discennecting device
s disconnfection of the neutral (N) conductor required? | Yes No
s a femovable link for disconnecting the neutral (N) Yes No
required?
Type of supply disconmnecting device to pe provided
e) Cross sectional area and material of external
protective (PE) conductor
f) Is an RCD provided in the installation? Yes/No If yes, type and

rated residual
operating current

5. Protection against electric shock (see Clause 6)

a) For which of the following classes of persons is
access to the interior of enclosures required during
normal operation of the equipment?

Electrically skilled
persons

Electrically
instructed persons

b) Are locks with removable keys to be provided for
securing the doors-ercevers? (see 6.2.2)

Yes

No
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Type of locking device

Basic lock unit (except key cylinder) to be supplied and
installed by

Key cylinder to be supplied and installed by

6. Protection of equipment (see Clause 7)

a) Will the user or the supplier of the electrical
equipment provide supply conductors and the
overcurrent protection-of for the supply conductors?
see 7.2.2)

Type and rating of overcurrent protective devices

b) Largest (kW) three-phase AC motor that may be
started direct-on-line

) May the number of motor overload detection devices | Yes No
be reduced? (see 7.3.2)

) Is overvoltage protection to be provided? Yes/No If yes,
specification

7. Operation

For cableless control systems, specify the time delay
before automatic machine shutdown is initiated in the
pbsence of a valid signal.

B. Operator interface and machine-mounted control
devices (see Clause 10)

Special colour preferences (for example to align with Start Stop
existing machinery):
Other
D. Controlgear
Degree of protection of enclosures (see 11.3) or special
Conditions:
0. Wiring practices (see Clause 13)
s there a specific method of identification to be used Yes No
for the conductors? (see 13.2.1)
Type
11. Accessories and lighting (see Clause 15)
B) Is a particular type of.socket-outlet required? Yes No

f yes, which type?

b)-Are-the secket-outlets for maintenance to-be Yes No
E o deg ';' #-additiona P etEeet © byé ;eEus?e ©

b)\Where the machine is equipped with local lighting: Highest If lighting circuit
HUIIIIIDDIb:U VU:tGyU ;O IIUt
voltage (V) obtained directly

from the power
supply, state
preferred voltage

12. Marking, warnings and reference designations
(see Clause 16)

a) Functional identification (see 16.3)

Specifications:

b) Inscriptions/special markings On electrical In which
equipment? language?



https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

IEC 60204-1:2016 RLV © IEC 2016 -131 -

c) Mark-of-certification Specific local regulations that
must be complied with

Yes

If yes, which one?

13. Technical documentation (see Clause 17)

a) Technical documentation (see 17.1)

On what media/?

In which language?

File format?

b) Instructions for use (see 17 1)

On what media?

In which language?

File format?

C) Size, location and purpose of ducts, open cable trays
pr cable supports to be provided by the user({see-17-5)

bperating type tests on a loaded prototype machine to
be supplied?

H) Indicate if special limitations on the size or weight Maximum Maximum weight
pffect the transport of a particular machine or dimensions

controlgear assemblies to the installation site:

E) In the case of specially built machines, is a Yes No

Certificate of operating tests with the loaded machine to

be supplied?

F) In the case of other machines, is a certificate of Yes No
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Annex C
(informative)

Examples of machines covered by this part of IEC 60204

The following list shows examples of machines whose electrical equipment should conform to
this part of IEC 60204. The list is not intended to be exhaustive but is consistent with the

Standards.

Metalworking machinery

o metal cutting machines

» metal forming machines

Plastics and rubber machinery

o injection moulding machines
o extrusion machines

o blow moulding machines

o thermoset moulding machines

o size reduction machines
\Wood machinery

» woodworking machines
o laminating machines

o sawmill machines

Assembly machines

Material handling-machines

o robots
» conveyors
o transfer machines

o </storage and retrieval machines

Jefinition of machinery (3.1.40). This part of [EC 60204 need not be applied to machines thai
are household and similar domestic appliances within the scope of the IEC 60335 series 'of

Food machinery

Printing, paperand board machinery

Inspecting/testing machinery

Compressors

Packaging machinery

dough breaks
mixing machines
pie and tart machines

meat processing,machines

printing_machines

finishing machines, guillotines, folders
reeling and slitting machines

folder box gluing machines

paper and board making machines

co-ordinate measuring machines

in-process gauging machines

palletizers/depalletizers

wrapping and shrink-wrapping machines

Textile machines

Refrigeration and air-conditioning machines

Laundry machines

Heating and ventilating machines
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Leather/imitation leather and

footwear machinery

goods

e cutting and punching machines

e roughing, scouring, buffing, trimming and
brushing machines

e footwear moulding machines

lastina machines
9

-133 -

Construction and materials

machinery

building

tunnelling machines
e concrete batching machines
e brick-making machines

ceramic

e stone, and

machines

glass-making

Hoisting machinery (see IEC 60204-32)

e Cranes

o hoists
Machinery for transportation of persons

o escalators

o ropeways for transportation of persons,
for example chairlifts, ski lifts

» passenger lifts

Power-operated doors

| eisure machinery

o fairground and amusement rides

Pumps

Agriculture and forestry machines

Transportable machinery

¢ wood working machines

¢ metal working machines
Mobile machinery

o lifting platforms
o fork lift trucks

e construction machines

Machines for hot metal processing

Tanning machinery

o\, multi-roller machines
e bandknife machines

e hydraulic tanning machines

Mining and quarrying machines
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Annex D
(informative)

Current-carrying capacity and overcurrent protection of
conductors and cables in the electrical equipment of machines

Caoanaral
oTTTeTar

-

The purpose of this Annex A is to provide additional information on the selection of conducton
5izes where the conditions given for Table 6 (see Clause 12) have to be modified (see'noteg
o Table 6).

D.2 General operating conditions

D.2.1 Ambient air temperature

The current carrying capacity for PVC insulated conductors given.in Table 6 is related to an
ambient air temperature of +40 °C. For other ambient air temperatures, the correction factorg
are given in Table D.1.

The correction factors for rubber insulated cables are givew by the manufacturer.

Table D.1 — Correction factors

Ambient air temperature Correction factor

! |
30 1,15
35 1,08 }
40 1,00
45 0,91
50 0,82
55 0,71
60 0,58

NOTE )The correction factors are derived from IEC 60364-5-52.

The maximum temperature under normal conditions for PVC 70 °C.

D.2.2 Methods of installation

nSmachines, the methods of conductor and cable installation between enclosures and
ndividual items ot the equipment shown In Figure D.1 are assumed to be typical (the letters
used are in accordance with IEC 60364-5-52:2001):

— Method B1: using conduits (3.1.9) and cable trunking systems (3.1.6) for holding and
protecting conductors or single core cables;

— Method B2: same as B1 but used for multicore cables;

— Method C: multicore cables installed in free air, horizontal or vertical without gap
between cables on walls;

— Method E: multicore cables in free air, horizontal or vertical laid on open cable trays
(3.1.5).
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b) Cables in conduit and cable trunking systems
C
IEC
c) Cables on walls
E

IEC

d) Cables on open cable trays

Figure D.1 — Methods of conductor and cable installation
independent of number of conductors/cables
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D.2.3 Grouping

Where more loaded conductors in cables or conductor pairs are installed, derate the values of
1,, given in Table 6 or by the manufacturer in accordance with Tables D.2 or D.3.

NOTE Circuits with I, < 30 % of 1, need not be derated.

Table D.2 - Derating factors-from for I, for grouping

_MMM%MFFQH—A D4\ (coa Naota 2) MNumabaoarofloaded -cireniteleahbloc
tre-B-H-{seeNete 31— Number-of-loaded-eireuitsicables
2 4 6 9
B1  (eireuwits conductors or single core cables) and B2 0,80 0,65 0,57 0,50
(multicore cables)
C single layer with no gap between cables 0,85 0,75 0,72 0,70
E single layer on one perforated tray without gap 0,88 0,77 0,73 0,72
between cables
E as before but with 2 to 3 trays, with a vertical 0,86 0,76 0,71 0,66
spacing between each tray of 300 mm (see Note 4)
Control circuit pairs < 0,5mm?2 independent of methods of 0,76 0,57 0,48 0,40
nstallation

NOTE 1 These factors are applicable to

- cables, all equally loaded, the circuit itself symmetrically loaded;

- groups of circuits of insulated conductors or cables having the samé&,allowable maximum operating temperature
NOTE 2 The same factors are applied to

- groups of two or three single-core cables;

- multicore cables.

NOTE 3 Factors derived from IEC 60364-5-52:20042009.

NOTE 4 A perforated cable tray is a tray where the holes occupy more than 30 % of the area of the base
Derived from IEC 60364-5-52:2004 2009).

Table D.3 — Derating.factors-from for I, for multicore cables up to 10 mm?2

Number of loaded conductors Conductors (>>1 mm?) Pairs
or pairs (see Note 3) (0,25 mm? to 0,75 mm?)
1 - 1,0
3 1,0 -0,5
5 0,75 0,39
7 0,65 0,34
10 0,55 0,29
24 0,40 0,21

NOTE 1 Applicable to multicore cables with equally loaded conductors/pairs

NOTE 2 For grouping of multicore cables, see derating factors of Table D.2.

NOTE 3 Factors derived from IEC 60364-5-52:2004 2009.
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D.2.4 Classification of conductors

Table D.4 — Classification of conductors

Class Description Use/application
1 Solid copper or aluminium conductors
Fixed installations
2 Stranded copper or aluminium conductors
5 Flexible stranded copper conductors Machine installations with presence of vibration;
connection-to mn\ling parfc
6 Flexible stranded copper conductors conductors

that are more flexible than class 5 For frequent movements

NOTE Derived from IEC 60228.

D.3 Co-ordination between conductors and protective devices providing
overload protection

Figure D.2 illustrates the relationship between the parameters 'of conductors and the
parameters of protective devices providing overload protection.

Design current /, Current carrying“eapacity I,

1,45 x I,
Parameters of
conductors
O A 4 A\ 4 A 4 >
< > IA
Acceptable range for
Parameters of tripping current 7,
protective devices
Nominal eurrent or
current(setting 1,
IEC

Figure D.2 — Parameters of conductors and protective devices

Correct protection of a cable requires that the operating characteristics of a protective device
for example® overcurrent protective device, motor overload protective device) protecting the
cable against overload satisfy the two following conditions:

I, <I <1,

Izg 1,45><Iz

where
I, is the current for which the circuit is designed;

I, is the effective current-carrying capacity, in amperes, of the cable for continuous service
according to Table 6 for the particular installation conditions:

— temperature, derating of I, see Table D.1;
— grouping, derating of /7 see Table D.2;
— multicore cables, derating of I; see Table D.3.
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1, is the nominal current of the protective device;

n

NOTE 1 For adjustable protective devices, the nominal current In is the current setting selected.
I, is the minimum current ensuring effective operation of the protective device within a
specified time (for example 1 h for protective devices up to 63 A).

The current 7, ensuring effective operation of the protective device is given in the product
standard or may be provided by the manufacturer.

OTE 2 For motor circuit conductors, overload protection for conductor(s) can be provided by the overloa
protection for the motor(s) whereas the short-circuit protection is provided by short-circuit protective devices.

Where a device that provides both overload and short-circuit protection is used in accordance with Clause D3 fo
conductor overload protection, it does not ensure complete protection in all cases (for example overload with

currents less than 7,), nor will it necessarily result in an economical solution. Therefore, such a.device can be
Linsuitable where overloads with currents less than I, are likely to occur.

D.4 Overcurrent protection of conductors

All conductors are required to be protected against overcurrent /(see 7.2) by protective
devices inserted in all live conductors so that any short-circuit current flowing in the cable ig
nterrupted before the conductor has reached the maximum allowable temperature.

NOTE Information on neutral conductors can be found in 7.2.3, third paragraph.

Table D.5 — Maximum allowable conductor temperatures
under normal and short-circuit conditions

Type of insulation Maximum temperature under Ultimate short-time conductor
normal‘conditions temperature under short-circuit
conditions 2)
°C °C
Polyvinyl chloride (PVC) 70 160
Rubber 60 200
Cross-linked polyethylene (XLPE) 90 250
Ethylene propylene compound 90 250
(EPR)
Silicone rubber (SiR) 180 350

NOTE For ultimate.short-time conductor temperatures greater than 200 °C, neither tinned nor bare copper
conductors are suitable. Silver-plated or nickel-plated copper conductors are suitable for use above 200 °C.

a) These valués are based on the assumption of adiabatic behaviour for a period of not more than 5 s.

n practice, the requirements of 7.2 are fulfiled when the protective device at a current |
causes' the interruption of the circuit within a time that in no case exceeds the time ¢ wher¢
¥ <&’s.

The value of the time 7 in seconds-shal can be calculated using the following formula:

t = (k x SI?

where:

S is the cross-sectional area in square millimetres;

I is the effective short-circuit current in amperes expressed for AC as the r.m.s. value;

k is the factor shown for copper conductors when insulated with the following material:
PVC 115
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Rubber 141
SiR 132
XLPE 143
EPR 143

D.5 Effect of harmonic currents on balanced three-phase systems (19

n case of circuits feeding single phase loads with load current including h\gbﬁnics, the
heutral conductor of the circuit might be additionally loaded and a reducti the current
carrying capacity of that cable might be necessary. For reference see IE(‘QJ, 64-5-52:2009

Annex E. 6
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Annex E
(informative)

Explanation of emergency operation functions

NOTE The concepts below are included here to give the reader an understanding of these terms even though in
this part of IEC 60204 only two of them are used.

Emergency operation

Emergency operation includes separately or in combination:
— emergency stop;

— emergency start;

— emergency switching off;

— emergency switching on.

Emergency stop

An emergency operation intended to stop a process or a movement that has become
hazardous.

Emergency start

An emergency operation intended to start a process ora, movement to remove or to avoid
a hazardous situation.

Emergency switching off

An emergency operation intended to switch offithe supply of electrical energy to all or 4
part of an installation where a risk of electficvshock or another risk of electrical origin is
involved.

Emergency switching on

An emergency operation intended 1o switch on the supply of electrical energy to a part of
an installation that is intended to.be used for emergency situations.
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Annex F
(informative)

Guide for the use of this part of IEC 60204

E41 General

This part of IEC 60204 gives a large number of general requirements that may or may not e
ppplicable to the electrical equipment of a particular machine. A simple reference without\any
gualification to the complete standard IEC 60204-1 is therefore not sufficient. Choices_need tg
be made to cover all requirements of this part of IEC 60204. A technical committee-preparing
A product family or a dedicated product standard (type C in ISO and CEN), and the\supplier of
a machine for which no product family or dedicated product standard exists, should use thig
part of IEC 60204:

p) by reference; and

b) by selection of the most appropriate option(s) from the requirements given in the relevant
clauses; and

c) by modification of certain clauses, as necessary, where the particular requirements for the
equipment of the machine are adequately covered by othebrelevant standards,

providing the options selected and the modifications madésdo not adversely affect the level of
protection required for that machine according to the risk assessment.

When applying the three principles a), b) and c)-isted above, it is recommended that:

— reference be made to the relevant clauses and subclauses of this standard:
e that are complied with, indicating.Where relevant the applicable option;

e that have been modified or ‘extended for the specific machine or equipment
requirements; and

- reference be made directly to the relevant standard, for those requirements for the
electrical equipment that,are adequately covered by that standard.
ln-aH-cases; Specific expertise-is-essential-to-be-able can be necessary to:

- perform the necessary risk assessment of the machine;
~ read and understand all of the requirements of this part of IEC 60204;

- choose the-applicable requirements from this part of IEC 60204 where alternatives arg
given;

- identify alternative or additional particular requirements that differ from or are not included
in the requirements of this part of IEC 60204, and that are determined by the machine and
its use; and

— specify precisely those particular requirements.

Figure 1 of this part of IEC 60204 is a block diagram of a typical machine and can be used as
the starting point of this task. It indicates the Clauses and Subclauses dealing with particular
requirements/equipment. However, this part of IEC 60204 is a complex document and
Table F.1 can help identify the application options for a particular machine and gives
reference to other relevant standards.
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Subject Clause or i) i) iii) iv)
Subclause
Scope 1 X
General requirements 4 X X X ISO 12100-{al-parts)
1SO-14121
Selection of equipment 429 X X ISEe(rilfsMsg 61439
Supply disconnecting (isolating) device 5.3
Excepted circuits 5.3.5 X X ISO 12100-{al-paris)
Prevention of unexpected start-up, 54,55 X % % ISO 14118
isolation and 5.6
Protection against electric shock 6 X IEC 603864-4-41
Emergency operations 9.2.3.4 X X ISO-13850
Two-hand control 9.2.3.8 X X ISO 13851
Cableless control 9.2.4 X X IEC 62745
Control functions in the event of failure 1SO-44424 12100
9.4 X X X ISO 13849 (all parts)
IEC 62061
Position sensors 10.1.4 X X X 1ISO 14119
i(ri]ct);c;garcs:eaggvrirgzrskings of operator 10.2, 10.3 X X IEC 60073
and 10.4 IEC 61310 (all parts)
Emergency stop 9.2.3.4.2 X 1ISO 13850
Emergency stop devices 10.% X X Eg—éggig_s_s
Emergency switching off devices 10.8 X X IEC 60364-5-53
_Controlgear - prot_ection against 10.1.3 and X X X IEC 60529
ingress of contaminants, etc. 11.3
Identification of conductors 13.2 IEC 62491
Verification 18 X IEC 60364-6
Additional user requirements Annex B
Fault protection in TN Systéms Annex A IEC 60364-4-41
(A1) X IEC 60364-6
Fault protection, IV TT systems Annex A X IEC 60364-4-41
(A.2) IEC 60364-6

Clausesiand Subclauses of this part of IEC 60204 where action should be considered (shown by X) with respect

to:

i) vselection from the measures given;

ii) additional requirements;

iii) different requirements;

iv) examples of other standards that can be relevant.
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Annex G
(informative)

Comparison of typical conductor cross-sectional areas

Table G.1 provides a comparison of the conductor cross-sectional areas of the American Wire
Gauge (AWG) with square millimetres, square inches, and circular mils.

Table G.1 — Comparison of conductor sizes
DC resistance
Wire size Gauge No Cross-sectional area of copper at Circular mils
20 °C
mm? (AWG) mm? inches? Ohms per km
0,2 0,196 0,000 304 91,62 387
24 0,205 0,000 317 87,60 404
0,3 0,283 0,000 438 63,46 558
22 0,324 0,000 504 55,44 640
0,5 0,500 0,000 775 36,70 987
20 0,519 0,000 802 34,45 1020
0,75 0,750 0,001\162 24,80 1480
18 0,823 0,001 272 20,95 1620
1,0 1,000 0,001 550 18,20 1973
16 1,31 0,002 026 13,19 2 580
1,5 1,500 0,002 325 12,20 2 960
14 2,08 0,003 228 8,442 4110
2,5 2,500 0,003 875 7,56 4934
12 3,31 0,005 129 5,315 6 530
4 4,000 0,006 200 4,700 7 894
10 5,26 0,008 152 3,335 10 380
6 6,000 0,009 300 3,110 11 841
8 8,37 0,012 967 2,093 16 510
10 10,000 0,001 550 1,840 19735
6 13,3 0,020 610 1,320 26 240
16 16,000 0,024 800 1,160 31576
4 21,1 0,032 780 0,829 5 41740
25 25,000 0,038 800 0,734 0 49 338
2 33,6 0,052 100 0,521 1 66 360
35 35,000 0,054 200 0,529 0 69 073
1 42,4 0,065 700 0,413 9 83 690
50 47,000 0,072 800 0,391 0 92 756

The resistance for temperatures other than 20°C can be found using the formula:
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R=RI[1+0,00393 (¢ 20)]

where:
R1 is the resistance at 20 °C;

R is the resistance at a temperature °C.
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Annex H
(informative)

Measures to reduce the effects of electromagnetic influences

H.1 Definitions

F-or the purposes of Annex H only, the following terms and definitions apply. ,\(b

Q
H.1.1 apparatus A\q,

finished device or combination thereof made commercially available as a si unctiona
unit, intended for the end user and liable to generate electromagnetic dis nce, or thg
performance of which is liable to be affected by such disturbance QD

H.1.2  fixed installation '\@6

particular combination of several types of apparatus and, wher, kpplicable, other devices
which are assembled, installed and intended to be used perma@ y at a predefined location

O
H.2 G |
enera s\\<</

This Annex H provides recommendations to imengelectromagnetic immunity and reduce
emission of electromagnetic disturbances. Q

For EMC purposes, electrical equipment f@achinery is deemed to be either apparatus of
fixed installations. Where electrical safetéa d electromagnetic compatibility result in different
requirements, electrical safety always @s the higher priority.

Flectromagnetic Interference (E can disturb or damage process monitoring, control and
putomation systems. Currents due to lightning, switching operations, short-circuits and other
Blectromagnetic phenomena &an cause overvoltages and electromagnetic interference.

O

N)
These effects can occu@r example:

o where large (@ctive loops exist,

o Where diff@ electrical wiring systems are installed in common routes, e.g. power
supply, @mmunication, control or signal cables.

Cables @?Fying large currents with a high rate of change of current (di/dt) can induce

pver, sﬁhges in other cables, which can influence or damage the connected electrica
e%gvhent.
N

H.3 Mitigation of electromagnetic interference (EMI)

H.3.1 General

Consideration should be given, in the design of the electrical equipment to the measures
described below for reducing the electromagnetic influences on electrical equipment.

Only electrical equipment which meets the requirements of the appropriate EMC standards, or
the EMC requirements of the relevant product standard, should be used.
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H.3.2 Measures to reduce EMI
The following measures reduce electromagnetic interference:

a) The installation of surge protection devices and/or filters for equipment sensitive to
electromagnetic influences is recommended to improve electromagnetic compatibility with
regard to conducted electromagnetic phenomena;

b) Conductive sheaths (e.g. armouring, screens) of cables should be bonded to the
protective bonding circuit;

c) Inductive loops should be avoided by selection of common routes for power, signal aqzsj
data circuits wiring while maintaining circuit separation in accordance with Clause H.4;\]

() Power cables should be kept separate from signal or data cables;

£) Where it is necessary for power and signal or data cables to cross each other{h’/é)should
be crossed at right-angles;

f) Use of cables with concentric conductors to reduce currents induced ir@\tﬁe protective
conductor; .

y) Use of symmetrical multicore cables (e.g. screened cables containi@separate protective
conductors) for the electrical connections between motors and cofiverters;

h) Use of signal and data cables according to the EMC requir nts of the manufacturer’s
instructions; Q

) Where screened signal or data cables are used, care c@uld be taken to reduce current
flowing through the screens of signal cables, or dat les, which are earthed. It can bg
necessary to install a by-pass conductor; see Figusq A;

o)

¢ N

[}

R S S S SR SRS ST ST ST ST S5
e K KRR
S R S S S S S S S S SE
N N e Y

R :
— !

By-pas§’conductor for screen reinforcement
N

\O IEC
N
Figure@@— By-pass conductor for screen reinforcement

NOTE A good equip jal bonding of the components of the machine reduces the need for by-pass conductors.

) Equipotenti @onding connections should have an impedance as low as practicable by
being as §h. as practicable and where applicable braided to conduct higher frequencies;

k) If ele ic equipment requires a reference voltage at about earth potential in order tg
fun @n correctly; this reference voltage is provided by the functional earthing conductor.

E quipment operating at high frequencies, the connections shall be kept as short as
cticable.

N

H.4 Separation and segregation of cables

Power cables and data cables which share the same route should be installed according to
the requirements of this Annex H.

Where no other information is available, then the cable separation distance between the
power and data cables should be in accordance with Table H.1 and Figure H.2.
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Table H.1 — Minimum separation distances using
metallic containment as illustrated in Figure H.2

Al
Separation without Mesh metallic Perforated metallic Solid metallic
metallic containment containment containment containment

'\-W ~J \O
q@

> 200 mm > 150 mm > 100 mm 0 mm\\"

@ Screening performance (DC-100 MHz) equivalent to welded mesh steel basket of mesh size %}/
50 mm x 100 mm (excluding ladders). This screening performance is also achieved with stee y even if the
wall thickness is less than 1 mm and/or the evenly distributed perforated area is greater t 20 %.

Screening performance (DC-100 MHz) equivalent to steel tray of at least 1 mm wall t 'c&qess and no more
than 20 % evenly distributed perforated area. This screening performance is also a ed with screened
power cables.

No part of the cable within the metallic containment should be less than 10 lbgbelow the top of the metallic
containment. 6

Screening performance (DC-100 MHz) equivalent to a steel conduit of@ast 1 mm wall thickness.
Separation specified is in addition to that provided by any divider/sgse

The minimum separation requirement specified in &ble H.1 applies to the horizontal of
vertical separation between adjacent cable tra able trunking systems. Where datdg
cables and power supply cables are require& cross and required minimum separation
cannot be maintained then the angle of theirﬁ ssing should be maintained at 90 degrees on
pither side of the crossing for a d|stance.\® less than the applicable minimum separation|
Fequirement.

¥
Figures H.2 and H.3 show examples@ separation and segregation.
N
xO

C}\c‘}‘
oo® |
&
®
3
\%
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IEC

For distances see Table H.1.
. = power supply cabling O s\auxiliary circuits
O = data cabling O = sensitive circuits (e.g. measurement)

Figure H.2 — Examples of vertical separation and segregation

FFor distances see Table H.1.

Figure H.3-£ Examples of horizontal separation and segregation

|Usable space within the cable tray or cable trunking system should allow for an agreed
uantity of additional cables to be installed (see Annex B). The cable bundle height should bg
ower than_the ‘side-walls of the cable tray or cable trunking system, as shown in Figure H.4
below. The overlapping lid of cable trunking systems improves the electromagnetid
compatibility performance.

FOra U-shape cable tray, the magnetic field decreases near the two corners. For this reason,
eEp Stde-walts are preferred:
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Shading indicates
screening performance

Shading indicates
screening performance

Not recommended Not recommended '\

Recommended .OOV.OOVOOOVOOOVOOO Re% ended
EHAH AT A A 6

(74) IEC

Figure H.4 — Cable arrangements in metal cab& trays

CEraioon
gooobsee
Can tan)]

Metal cable trays or cable trunking systems which are mteg% to provide electromagnetia
compatibility shall always be connected to the local e ntial bonding system at both
pends. For long distances, for example greater than éﬁ‘ additional connections to the
pquipotential bonding system are recommended. All cg{\mections to the equipotential bonding
5ystem should have low impedance. Q )

Where metal cable trays or cable trunking syQQ‘ns are constructed from several elements,
care should be taken to ensure continuity b)@\fective bonding between adjacent elements.

The shape of the metallic section sho@%’chmve continuity of shielding throughout its length)
All interconnections should have low edance; see Figure H.5.

O
S
©

Recommended

IEC

Figure H.5 — Connections between metal cable trays or cable trunking systems

Where metallic covers for metallic cable trunking systems are used, a cover over the full
length is preferred. If that is not possible, the covers should be connected to the cable tray at
least at both ends by short connections less than 10 cm, e.g. braided or mesh straps.
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Figure H.6 shows a metal cable tray crossing a wall at which a fire barrier is to be installed.
Where metal cable trays are required to be interrupted to pass through building structures, a
low impedance interconnection should be provided between the two metallic sections.
Regulations with respect to fire barriers take precedence over EMC considerations.

Non-conformant
IEC

Figure H.6 — Interruption of metal cable trays at fire bakxriers

H.5 Power supply of a machine by parallel sources

\Where a machine is supplied with power by parallel sources, See IEC 60364-1.

H.6 Supply impedance where a Power Drive(System (PDS) is used

[Connection of a PDS to too high a supply sourCevimpedance can lead to conducted emission|
problems.
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Annex |
(informative)

Documentation / Information

A list of available standards applicable to documentation and information is provided in

Table I.1.

rief definitions of a set of internationally standardized document kinds are given
publicly available database IEC 61355 DB (http://std.iec.ch/iec61355).

m%
N
P

Table 1.1 — Documentation / Information that can be applicable Q\

Type of information for the electrical
equipment

Q v
Recommended standa&d\

Structuring principles

IEC 81346-1: Industrial systems, insta@fons and
equipment and industrial products ructuring principles
and reference designations — Pfrt@ asic rules

Structuring of documents

IEC 62023: Structuring of te ni}al information and

documentation (see note)‘g

Parts list

IEC 62027: Preparatifa@lvobject lists, including parts lists

List of documents

IEC 62027: Prepa@t}on of object lists, including parts lists

Specification of the properties of the electrical
equipment

IEC PAS 62565§’OGener/c specification of information on

Instructions for handling, transportation and
storage

products — Principles and methods

IEC 82 1. Preparation of instructions for use —

Stru , content and presentation — Part 1: General
prnép s and detailed requirements

Instructions for installation, erection, assembling
on site, dismantling, etc.

82079-1: Preparation of instructions for use —

@ructun‘ng, content and presentation — Part 1: General

principles and detailed requirements

Instructions for use

IEC 82079-1: Preparation of instructions for use —
Structuring, content and presentation — Part 1: General
principles and detailed requirements

Instructions for service and mau\g\a'nce

IEC 82079-1: Preparation of instructions for use —
Structuring, content and presentation — Part 1: General
principles and detailed requirements

U\
| OQ
Reference de&g@pons
&
O

IEC 81346-1: Industrial systems, installations and
equipment and industrial products — Structuring principles
and reference designations — Part 1: Basic rules

and

IEC 81346-2: Industrial systems, installations and
equipment and industrial products — Structuring principles
and reference designations — Part 2: Classification of
objects and codes for classes

@ﬁinal designations

IEC 61666: Industrial systems, installations and equipment
and industrial products — Identification of terminals within a

SYSIUTIIT

Designations of cables and cores

IEC 62491: Industrial systems, installations and equipment
and industrial products — Labelling of cables and cores

Circuit diagrams

IEC 61082-1: Preparation of documents used in
electrotechnology — Part 1: Rules

Layout of equipment and overall dimensions

IEC 61082-1: Preparation of documents used in
electrotechnology — Part 1: Rules

Interconnection diagram, terminal list, cable list,
cable tray layout

IEC 61082-1: Preparation of documents used in
electrotechnology — Part 1: Rules

Spare parts list for a specified period

IEC 62027: Preparation of object lists, including parts lists

List of parameters (e.g. of converters)

(No standard exists)
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Type of |nformat|_on for the electrical Recommended standard
equipment

IEC 82079: Preparation of instructions for use — Structuring,
List of tools content and presentation — Part 1: General principles and
detailed requirements

IEC 62507-1: Identification systems enabling unambiguous
Identification systems information interchange — Requirements — Part 1: Principles
and methods

NOTE For simple equipment IEC 62023 allows all information to be contained within one single document.
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IEC 60034-5, Rotating electrical machines — Part 5: Degrees of protection provided by the
integral design of rotating electrical machines (IP code) — Classification

IEC 60034-11, Rotating electrical machines — Part 11: Thermal protection

IEC 60038:2002 2009, /IEC standard voltages

EC 60050, International Electrotechnical Vocabulary
available at <http://www.electropedia.org>)

EC 60073:2002, Basic and safety principles for man-machine interface, marking andg
fdentification — Coding principles for indicators and actuators

EC 60085, Electrical insulation — Thermal evaluation and designation

EC 60204-11:2000, Safety of machinery — Electrical equipment oOf. machines — Part 11!
Requirements for HV equipment for voltages above 1 000 V a-c\cor 1500 V d.c. and not
exceeding 36 kV

EC 60204-31:2004 2013, Safety of machinery — Electrical equipment of machines — Part 31.
Particular safety and EMC requirements for sewing machines, units and systems

EC 60204-32:4998 2008, Safety of machinery — Electrical equipment of machines — Part 32,
Requirements for hoisting machines

EC 60204-33:2009, Safety of machinery&>> Electrical equipment of machines — Part 33
Requirements for semiconductor fabrication equipment

EC 60216 (all parts), Electrical insyftating materials — Thermal endurance properties
EC 60228:2004, Conductorsofinsulated cables

EC 60269-1:4998 2006; Low-voltage fuses — Part 1: General requirements

EC 60287 (all parts), Electric cables — Calculation of the current rating

EC 60320-1MAppliance couplers for household and similar general purposes —Part 1: Genera
Frequiremefits

EC 60332 (all parts), Tests on electric and optical fibre cables under fire conditions

EC€ 60335 (all parts), Household and similar electrical appliances — Safety

IEC 60364 (all parts), Low-voltage electrical installations-ef-buildings

IEC 60447:2004, Basic and safety principles for man-machine interface, marking and
identification — Actuating principles

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

IEC 60757:1983, Code for designation of colours
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IEC TR 60890, A method of temperature-rise verification of low-voltage switchgear and
controlgear assemblies by calculation

IEC 60909-0:2001, Short-circuit currents in three-phase a.c. systems — Part 0: Calculation of
currents

IEC TR 60909-1:2002, Short-circuit currents in three-phase a.c. systems — Part 1: Factors for
the calculation of short-circuit currents according to IEC 60909-0

EC 60947-1:2007, Low-voltage switchgear and controlgear — Part 1: General rules

EC 60947-4-1, Low-voltage switchgear and controlgear — Part 4-1: Contactors and miotor
starters — Electromechanical contactors and motor-starters

EC 60947-5-2:4997 2007, Low-voltage switchgear and controlgear — Part 5-2; ‘€ontrol circuit
devices and switching elements — Proximity switches

Amendment-1-{1999)
Amendment 2 (2003)

EC 60947-5-8, Low-voltage switchgear and controlgear — Part(578: Control circuit device§
pnd switching elements — Three-position enabling switches

EC 60947-7-1:2009, Low-voltage switchgear and gontrolgear — Part 7-1: Ancillary
equipment — Terminal blocks for copper conductors

EC 61000-5-2:1997, Electromagnetic compatibility (EMC) — Part 5: Installation and mitigation
guidelines — Section 2: Earthing and cabling
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IEC 61180 (all parts), High-voltage test techniques for low-voltage equipment
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ECTR 6 -1:2007, Low-voltage switchgear and controlgear — Overcurrent protective
devic§ art 1: Application of short-circuit ratings

@5020, Electrical accessories — Residual current monitors for household and similar used
A

o)
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IEC 62027:2011, Preparation of object lists, including parts lists
IEC 62305-1:2010, Protection against lightning — Part 1: General principles

IEC 62305-4:2010, Protection against lightning — Part 4: Electrical and electronic systems
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Requirements — Part 1: Principles and methods

IEC 627456, Safety of machinery — Requirements for the interfacing of cableless controllers to
machinery

IEC PAS 62569-1, Generic specification of information on products — Part 1: Principles and
methods

EC 81346-1:2009, Industrial systems, installations and equipment and industrial product$c
Structuring principles and reference designations — Part 1: Basic rules

EC 81346-2:2009, Industrial systems, installations and equipment and industrial products
Structuring principles and reference designations — Part 2: Classification of objectsvénd code§
for classes

EC 82079-1:2012, Preparation of instructions for use — Structuring, content and presentatior
- Part 1: General principles and detailed requirements
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SO 3864-1:2002 2011, Graphical symbols — Safetjcolours and safety signs — Part 1: Design
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SO 7000:2014, Graphical symbols for use on equipment — Registered symbols

SO 12100:2010, Safety of machiners— General principles for design — Risk assessment andg
risk reduction
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SO 13849-2:2003

VAT
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design prineiples
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‘ ISO 14122-1:2001/AMD1:2010

ISO 14122-2:2001, Safety of machinery — Permanent means of access to machinery — Part 2:
Working platforms and walkways
‘ ISO 14122-2:2001/AMD1:2010

| 6 Under consideration.
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ISO 14122-3:2001/AMD1:2010

CENELEC HD 516 S2, Guide to use of low-voltage harmonized cables

EN 50160:2010, Voltage characteristics of electricity supplied by public electricity networks
EN 50160:2010/AMD1:2015
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF MACHINERY -
ELECTRICAL EQUIPMENT OF MACHINES -

1)

Q)
~

B
-

D)

nternational Standard IEC 60204-1 has been prepared by IEC technical committee 44: Safety
bf machinery — Electrotechnical aspects.

Part 1T General Tequirements
FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization~comprising
all national electrotechnical committees (IEC National Committees). The object of IEG Jisv'to promotse
international co-operation on all questions concerning standardization in the electrical and electronic fields. Tg
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaftefteferred to as “IEQ
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. Internationaly,;"governmental and non/
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance\with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express,(as'nearly as possible, an internationa
consensus of opinion on the relevant subjects since each technical\Committee has representation from al
interested IEC National Committees.

IEC Publications have the form of recommendations for internatioral use and are accepted by IEC Nationa
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEG
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC Nadtional Committees undertake to apply IEC Publicationg
transparently to the maximum extent possible injtheir national and regional publications. Any divergence
between any IEC Publication and the correspondingyhational or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation.af*conformity. Independent certification bodies provide conformity
assessment services and, in some areas) access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

No liability shall attach to IEC ofits directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage of
other damage of any nature-whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEQ
Publications.

Attention is drawn_tosthe Normative references cited in this publication. Use of the referenced publications ig
indispensable forthe correct application of this publication.

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

THis—sixtheditiomtancets—and Teptacesthefiftheditiom pubtished 2005t Tonstitutes

technical revision.

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

edition:

a) added requirements to address applications involving power drive systems (PDS);

b) revised electromagnetic compatibility (EMC) requirements;

c) clarified overcurrent protection requirements;

d) requirements for determination of the short circuit current rating of the electrical

equipment;
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e) revised protective bonding requirements and terminology;

f) reorganization and revision to Clause 9, including requirements pertaining to safe torque
off of PDS, emergency stop, and control circuit protection;

g) revised symbols for actuators of control devices;
h) revised technical documentation requirements;

i) general updating to current special national conditions, normative standards, and
bibliographical references.

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

FDIS Report on voting
44/765/FDIS 44/771/RVD

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

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

A list of all parts in the IEC 60204 series, published undef)the general title Safety o
machinery — Electrical equipment of machines, can be found gn.the IEC website.

The following differing practices of a less permanent nature exist in the countries indicated
below.

1.3.1: The voltage characteristics of electrigity: supplied by public distribution systems in
Europe are given in EN 50160:2010,

5.1: Exception is not allowed (USA).

5.1: TN-C systems are not permitted in low-voltage installations in buildings (Norway).

b.2: Terminals for the conngction of the protective earthing conductors may be

identified by the colourygreen, the letters “G” or “GR” or “GRD” or “GND”, or the
word “ground” or “greunding”, or with the graphical symbol IEC 60417-5019:2006-
08 or any combination (USA).

5.3.3 b), 13.4.5b), 18.2.1:¢,*TT power systems are not allowed (USA).

5.3.3, 18.2, Annex A: TN systems are not used. TT systems are the national standard
(Japan).

£5.3.3 b): The Uuse of residual current protective devices with a rated residual operating
current not exceeding 1 A is mandatory in TT systems as a means for fault
protection by automatic disconnection of supply (ltaly).

7.2.3: Disconnection of the neutral conductor is mandatory in a TN-S system (France
and Norway).

7.2.3: Third paragraph: distribution of a neutral conductor with an IT system is nof
allowed (USA and Norway)

7.10: For evaluation of short circuit ratings the requirements of UL 508 A Supplement
SB, may be used (USA).

8.2.2: See IEC 60364-5-54:2011, Annex E List of notes concerning certain countries.

9.1.2: Maximum nominal AC control circuit voltage is 120 V (USA).

12.2: Only stranded conductors are allowed on machines, except for 0,2 mm2 solid

conductors within enclosures (USA).

12.2: The smallest power circuit conductor allowed on machines is 0,82 mm2 (AWG 18)
in multiconductor cables or in enclosures (USA).

Table 5: Cross-sectional area is specified in NFPA 79 using American Wire Gauge (AWG)
(USA). See Annex G.
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13.2.2: For the protective conductor, the colour identification GREEN (with or without
YELLOW stripes) is used as equivalent to the bicolour combination GREEN-AND-
YELLOW (USA and Canada).

13.2.3: The colour identification WHITE or GREY is used for earthed neutral conductors
instead of the colour identification BLUE (USA and Canada).

15.2.2: First paragraph: Maximum value between conductors 150 V (USA).

15.2.2: Second paragraph, 5th bullet: The full load current rating of lighting circuits does
not exceed 15 A (USA).

16.4: Nameplate marking requirements (USA).

A.2.2.2:  The permissible maximum value of R, is regulated (e.g. when U, > 300V, R,\shal
be less than 10 Q, when U, <300V, R, shall be less than 100 Q, U .is the
nominal AC line to earth voltage in volts (V) (Japan).

A.2.2.2: The maximum permissible value of R, is 83 Q (Netherlands).

The committee has decided that the contents of this publication will remain unchanged unti
the stability date indicated on the IEC website under "http://webstoreiec.ch” in the data
related to the specific publication. At this date, the publication will be

¢ reconfirmed,

¢ withdrawn,

*  replaced by a revised edition, or
P amended.

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

This part of IEC 60204 provides requirements and recommendations relating to the electrical
equipment of machines so as to promote:

— safety of persons and property;

— consistency of control response;

— ease of operation and maintenance.

More guidance on the use of this part of IEC 60204 is given in Annex F.

Figure 1 has been provided as an aid to the understanding of the inter-relationship .of the
various elements of a machine and its associated equipment. Figure 1 is a block diagram of a
fypical machine and associated equipment showing the various elements of<ihe” electrica
equipment addressed in this part of IEC 60204. Numbers in parentheses ( ) refer to Clauseg
and Subclauses in this part of IEC 60204. It is understood in Figure 1 thatall-of the elementg
faken together including the safeguards, tooling/fixturing, software, andsthe documentation
constitute the machine, and that one or more machines working together,with usually at least
bne level of supervisory control constitute a manufacturing cell or system.
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Warning signs, item designation

Physical (Clause 16) System/cell
environment Technical documentation controller
(4.4)
(Clause 17) 1

Supply disconnecting device
(5.3)

Protection against electrical shock
(Clause 6)

Protection of equipment
Power supply (Clause 7)
| e .
(4.3) Earth (PE) terminal
(5.2) Data link

Protective bonding circuit
(8.2)

Control circuits and control functions
(Clause 9)

Emergency operations

(External protective (9.2.2.4) <
conductor connection) Controlgear
(Clause 11)
Accessories and lighting
Conductors and (Clause 15)
cables J J Emergency
(Clause 12) stop device
Wiring A Y (10.7)
practices
(Clause 13) Motor Programmable Operator control
Verification control equipment controller station
(Clause 18) (Clause 10)
Input/output Safeguards and
interface <> warning devices
Motors e
(Glause 14)and | g | Actuators and
transducers Sensors

Processing equipment

IEC

Figure 1 — Block diagram of a typical machine
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SAFETY OF MACHINERY -
ELECTRICAL EQUIPMENT OF MACHINES -

Part 1: General requirements

Scope

This part of IEC 60204 applies to electrical, electronic and programmable elggtronig
equipment and systems to machines not portable by hand while working, including a group of
machines working together in a co-ordinated manner.

NOTE 1 This part of IEC 60204 is an application standard and is not intended to limit or(inhibit technologica
hdvancement.

NOTE 2 In this part of IEC 60204, the term “electrical” includes electrical, electronic and, programmable electronid
matters (i.e. “electrical equipment” means electrical, electronic and programmable eléctronic equipment).

NOTE 3 In the context of this part of IEC 60204, the term “person” refers to{any individual and includes thos¢g
bersons who are assigned and instructed by the user or his agent(s) in the,use and care of the machine in
uestion.

The equipment covered by this part of IEC 60204 commences at the point of connection of the
supply to the electrical equipment of the machine (see:MY.

NOTE 4 The requirements for the electrical supply installation\are given in the IEC 60364 series.

This part of IEC 60204 is applicable to the\electrical equipment or parts of the electrica
equipment that operate with nominal supplyrvoltages not exceeding 1 000 V for alternating
current (AC) and not exceeding 1 500 ¥, for direct current (DC), and with nominal supply
frequencies not exceeding 200 Hz.

NOTE 5 Information on electrical equipmént or parts of the electrical equipment that operate with higher nomina
supply voltages can be found in IEC 60204-11.

This part of IEC 60204 ‘dees not cover all the requirements (for example guarding
nterlocking, or control) that'are needed or required by other standards or regulations in order
fo protect persons from-/hazards other than electrical hazards. Each type of machine hag
unique requirements\to be accommodated to provide adequate safety.

This part of IEC60204 specifically includes, but is not limited to, the electrical equipment of
machines as-defined in 3.1.40.

NOTE 6 \Annex C lists examples of machines whose electrical equipment can be covered by this part o
EC 60204.

This part of IEC 60204 does not specify additional and special requirements that can apply ta
the electrical equipment of machines that, for example:

are intended for use in open air (i.e. outside buildings or other protective structures);
— use, process, or produce potentially explosive material (for example paint or sawdust);
— are intended for use in potentially explosive and/or flammable atmospheres;

— have special risks when producing or using certain materials;

— are intended for use in mines;

— are sewing machines, units, and systems (which are covered by IEC 60204-31);

— are hoisting machines (which are covered by IEC 60204-32);

— are semiconductor fabrication equipment (which are covered by IEC 60204-33).
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Power circuits where electrical energy is directly used as a working tool are excluded from
this part of IEC 60204.

2 Normative 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 Ilatest edition of the referenced document (including any
FreTTdTeTTts S apphes:

EC 60034-1, Rotating electrical machines — Part 1: Rating and performance
EC 60072 (all parts), Dimensions and output series for rotating electrical machines

EC 60309-1, Plugs, socket-outlets, and couplers for industrial purposes —\Bart 1. Genera
requirements

EC 60364-1, Low-voltage electrical installations — Part 1. Fundamental principles,
nssessment of general characteristics, definitions

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

EC 60364-4-43:2008, Low-voltage electrical installations — Part 4-43: Protection for safety —
Protection against overcurrent

EC 60364-5-52:2009, Low-voltage electricakinstallations — Part 5-52: Selection and erection
of electrical equipment — Wiring systems

EC 60364-5-53:2001, Electrical installations of buildings — Part 5-53: Selection and erection
pf electrical equipment — Isolation, switching and control
EC 60364-5-53:2001/AMD1:2002

EC 60364-5-54:2011, Low>voltage electrical installations — Part 5-54: Selection and erection
pf electrical equipment =“\Earthing arrangements and protective conductors

EC 60417, Graphical symbols for use on equipment. Available from: http://www.graphical-
symbols.info/equipment

EC 60445:20410, Basic and safety principles for man-machine interface, marking and
fdentification — Identification of equipment terminals, conductor terminations and conductors

EC'60529, Degrees of protection provided by enclosures (IP Code)

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

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

IEC 60947-3, Low-voltage switchgear and controlgear — Part 3: Switches, disconnectors,
switch-disconnectors, and fuse-combination units

IEC 60947-5-1:2003, Low-voltage switchgear and controlgear — Part 5-1: Control circuit
devices and switching elements — Electromechanical control circuit devices
IEC 60947-5-1:2003/AMD1:2009
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IEC 60947-5-5, Low-voltage switchgear and controlgear — Part 5-5: Control circuit devices
and switching elements — Electrical emergency stop device with mechanical latching function

IEC 60947-6-2, Low-voltage switchgear and controlgear — Part 6-2: Multiple function
equipment — Control and protective switching devices(or equipment) (CPS)

IEC 61140, Protection against electric shock — Common aspects for installation and
equipment

EC 61310 (all parts), Safety of machinery — Indication, marking and actuation
EC 61439-1, Low-voltage switchgear and controlgear assemblies — Part 1: General rules

EC 61558-1:2005, Safety of power transformers, power supplies, reactors/and similar
products — Part 1: General requirements and tests
EC 61558-1:2005/AMD1:2009

EC 61558-2-6, Safety of transformers, reactors, power supply units,ard similar products fof
supply voltages up to 1 100 V — Part 2-6: Particular requirements and tests for safety isolating
fransformers and power supply units incorporating safety isolating.transformers

EC 61984, Connectors — Safety requirements and tests
EC 62023, Structuring of technical information and doeumentation

EC 62061, Safety of machinery — Functional safety of safety-related electrical, electronic andg
programmable electronic control systems

SO 7010:2011, Graphical symbols — Safety colours and safety signs — Registered safety
5igns

SO 13849-1, Safety of machinery~ Safety-related parts of control systems — Part 1. Genera
principles for design

SO 13849-2, Safety ofismachinery — Safety-related parts of control systems — Part 2]
\Validation

SO 13850:2006 Safety of machinery — Emergency stop function — Principles for design

3 Terms,definitions and abbreviated terms

3.1 Terms and definitions

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

311
actuator
part of a device to which an external action is to be applied

Note 1 to entry: The actuator may take the form of a handle, knob, push-button, roller, plunger, etc.

Note 2 to entry: There are some actuating means that do not require an external actuating force, but only an
action, e.g. touchscreens.

Note 3 to entry: See also 3.1.39.
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3.1.2
ambient temperature
temperature of the air or other medium where the equipment is to be used

3.1.3
barrier
part providing protection against contact with live parts from any usual direction of access

3.1.4
basic protection
protection against electric shock under fault-free conditions

Note 1 to entry: Previously referred to as “protection against direct contact”

[SOURCE: IEC 60050-195:1998, 195-06-01, modified — The note has been added-}

3.1.5
cable tray
cable support consisting of a continuous base and raised edges and no €overing

Note 1 to entry: A cable tray may be perforated or non-perforated.

[SOURCE: IEC 60050-826:2004,826-15-08]

3.1.6

cable trunking system
system of closed enclosures comprising a baseiwith a removable cover intended for the
complete surrounding of insulated conductors oncables

3.1.7
concurrent
pccurring or operating at the same timé.(but not necessarily synchronously)

3.1.8

conductor wire

conductor bar

conductive wire or bar ofiaifeeder system with a sliding current collector

3.1.9

conduit

part of a closed wiring system of circular or non-circular cross-section for insulated
conductors and/or cables in electrical installations

Note 1 to'entry: Conduits should be sufficiently close-jointed so that the insulated conductors and/or cables can
bnly be'drawn in and not inserted laterally.

SOURCE: IEC 60050-442:1998, 442-02-03, modified — The definition has been amended and
the note has been added.]

3.1.10
control circuit, <of a machine>
circuit used for the control, including monitoring, of a machine and the electrical equipment

3.1.11
control device
device connected into the control circuit and used for controlling the operation of the machine

EXAMPLE Position sensor, manual control switch, relay, contactor, magnetically operated valve.
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3.1.12

control station

operator control station

assembly of one or more control actuators (see 3.1.1) fixed on the same panel or located in
the same enclosure

Note 1 to entry: A control station may also contain related equipment, for example, potentiometers, signal lamps,
instruments, display devices, etc.

SOURCE- IFC 60050-441-1984 441-12-08 maodified — The second preferred term has bee

pdded, the word "switches" has been replaced by "actuators" in the definition and the note
has been added.]

3.1.13

controlgear

switching devices and their combination with associated control, measuring, pretective, and
regulating equipment, also assemblies of such devices and equipment ‘with associated
nterconnections, accessories, enclosures, and supporting structures, intended in principle for
the control of electrical energy consuming equipment

[SOURCE: IEC 60050-441:1984, 441-11-03]

3.1.14

controlled stop
s5topping of machine motion with power to the machinge actuators maintained during the
5topping process

3.1.15
direct contact
contact of persons or livestock with live parts

Note 1 to entry: See 3.1.4.

[SOURCE: IEC 60050-826:2004, 826-12-03, modified — The note has been added.]

3.1.16

direct opening action, <of a contact element>
achievement of contact separation as the direct result of a specified movement of the switch
actuator through non-resilient members (for example not dependent upon springs)

[SOURCE: IEC60947-5-1:2003, K.2.2]

3.1.17

duct

encloSed channel designed expressly for holding and protecting electrical conductors, cables
and busbars

Note 1 to entry: Conduits (see 3.1.9), cable trunking systems (see 3.1.6) and underfloor channels are types of
duct.

3.1.18

earth

local earth

ground (US)

local ground (US)

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

[SOURCE: IEC 60050-195:1998,195-01-03]
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3.1.19

electrical operating area

room or location for electrical equipment to which access is intended to be restricted to skilled
or instructed persons, by the opening of a door or the removal of a barrier without the use of a
key or tool, and which is clearly marked by appropriate warning signs

3.1.20

electronic equipment
part of the electrical equipment containing circuitry dependent for its operation on electronic
Jevices and components

3.1.21
emergency stop device
manually actuated control device used to initiate an emergency stop function

Note 1 to entry: See 9.2.3.4.2.

[SOURCE: ISO 13850:2006, 3.2, modified — The note has been added.]

3.1.22

pmergency switching off device

manually actuated control device used to switch off or to initiatexthie switching off of the supply
pf electrical energy to all or a part of an installation where_a\risk of electric shock or another
risk of electrical origin is involved

Note 1 to entry: See 9.2.3.4.3.

3.1.23

enclosed electrical operating area

room or location for electrical equipment to which access is intended to be restricted to skilled
pr instructed persons by the use of a key ‘or tool to open a door, or remove a barrier, and
which is clearly marked by appropriate warning signs

3.1.24

pnclosure

part providing protection of‘\equipment against certain external influences and, in any
direction, basic protection as-protection against direct contact

Note 1 to entry: The existing definition taken from the IEV needs the following explanations within the scope o
his part of IEC 60204:

B) Enclosures provide protection of persons or livestock against access to hazardous parts.

b) Barriers, shaped openings, or any other means suitable to prevent or limit the penetration of the specified tes
probes, whether attached to the enclosure or formed by the enclosed equipment, are considered as part of the
enclosure;except where they can be removed without the use of a key or tool.

) An._enclosure may be:

~_J a cabinet or box, either mounted on the machine or separate from the machine;

< a compartment consisting of an enclosed space within the machine structure.

[SOURCE: IEC 60050-195:1998, 195-02-35, modified — The definition has been amended.]

3.1.25

electrical equipment

items used in connection with the utilisation of electricity by machines or parts of machines,
for example material, fittings, devices, components, appliances, fixtures, apparatus, and
similar
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3.1.26

equipotential bonding

provision of electric connections between conductive parts, intended to achieve
equipotentiality

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

3.1.27

exposed conductive part

conductive part of electrical equipment, which can be touched and which is not live undef
hormal operating conditions, but which can become live under fault conditions

[SOURCE: IEC 60050-826:2004, 826-12-10, modified — The definition has been amended.]

3.1.28

pxtraneous-conductive-part

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

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

3.1.29
Failure
fermination of the ability of an item to perform a required.function

Note 1 to entry: After failure, the item has a fault.
Note 2 to entry: "Failure" is an event, as distinguished frem "fault", which is a state.
Note 3 to entry: This concept as defined does not apply to items consisting of software only.

Note 4 to entry: In practice, the terms fault and‘failure are often used synonymously.

[SOURCE: IEC 60050-191:1990, 191-04-01]

3.1.30
Fault
state of an item characterized by inability to perform a required function, excluding the
nability during preventive maintenance or other planned actions, or due to lack of externa
resources

Note 1 to entry:, A.fault is often the result of a failure of the item itself, but may exist without prior failure.

Note 2 to enfry:* In English, the term “fault” and its definition are identical with those given in IEC 60050-191:1990
191-05-01. In*the field of machinery, the French term “défaut” and the German term “Fehler” are used rather than
he termsy’panne” and “Fehlzustand” that appear with this definition.

3.1.31
arild et Ads o
aull pjruteutiivin

protection against electric shock under single-fault conditions

Note 1 to entry: Previously referred to as “protection against indirect contact”

[SOURCE: IEC 60050-195:1998, 195-06-02, modified — the Note has been added]

3.1.32
functional bonding
equipotential bonding necessary for proper functioning of electrical equipment
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3.1.33
hazard
potential source of physical injury or damage to health

Note 1 to entry: The term hazard can be qualified in order to define its origin (for example, mechanical hazard,
electrical hazard) or the nature of the potential harm (for example, electric shock hazard, cutting hazard, toxic
hazard, fire hazard).

Note 2 to entry: The hazard envisaged in this definition:

— _either is permanently present during the intended use of the machine (for example motion of hazardous movin
elements, electric arc during a welding phase, unhealthy posture, noise emission, high temperature);

- or can appear unexpectedly (for example: explosion, crushing hazard as a consequence .of \an
unintended/unexpected start-up, ejection as a consequence of a breakage, fall as a consequence o
acceleration/deceleration).

[SOURCE: ISO 12100:2010, 3.6, modified — The word “harm" has been replaced-by/ physica
njury or damage to health" in the definition and Note 3 has been removed]

3.1.34

ndirect contact

contact of persons or livestock with exposed conductive parts which’have become live under
fault conditions

Note 1 to entry: See 3.1.31.

[SOURCE: IEC 60050-826:2004, 826-12-04, modified — The definition has been amended.]

3.1.35

nductive power supply system

system of inductive power transfer, consisting{of a track converter and a track conductor
plong which one or more pick-up(s) and associated pick-up converter(s) can move, withouf
any galvanic or mechanical contact, in order to transfer electrical power for example to 4
mobile machine

Note 1 to entry: The track conductor and the pick-up are analogous to the primary and secondary of a transforme
Fespectively.

3.1.36

nstructed person, <in elgctricity>

person adequately advised or supervised by an electrically skilled person to enable him or her
fo perceive risks and to avoid hazards which electricity can create

[SOURCE: IEC60050-826:2004, 826-18-02, modified — “an electrically skilled person” hag
been used totreplace “electrically skilled persons”]

3.1.37
nterlock
preangement of devices operating together to:

e prevent hazardous situations, or
e prevent damage to equipment or material, or
e prevent specified operations, or

e ensure correct operations

3.1.38

live part

conductor or conductive part intended to be energized in normal use, including a neutral
conductor, but, by convention, not a PEN conductor
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3.1.39

machine actuator

power mechanism of the machine used to effect motion (for example, motor, solenoid,
pneumatic or hydraulic cylinder)

3.1.40
machinery
machine
assembly of linked parts or components, at least one of which moves, with the appropriate
fnachine actuators, conirol and pPOWEr CIfcuilts, joined togetner 1or a speciic application, Jin
particular for the processing, treatment, moving or packaging of a material

Note 1 to entry: The term "machinery" also covers an assembly of machines which, in order to achievesthe samg
end, are arranged and controlled so that they function as an integral whole.

Note 2 to entry: The term "component" is used here in a general sense and it does not refer\only to electrica
Components.

[SOURCE: 1SO 12100:2010, 3.1, modified — The definition has been amended and Note 2
referring to an Annex has been removed and replaced by the present Néte 2 to entry.]

3.1.41

marking

5igns or inscriptions primarily for the purpose of identifyingCequipment, components and/or
devices

3.1.42

heutral conductor
N
conductor electrically connected to the neutral point and capable of contributing to the
distribution of electrical energy

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

3.1.43

pbstacle

part preventing unintentionaldirect contact with live parts, but not preventing direct contact by
deliberate action

[SOURCE: IEC 60050-195:1998, 195-06-16, modified — The words “(electrically) protective’
have been removed from the term.]

3.1.44
pvercurrent
current\exceeding the rated value

Note1 to entry: For conductors, the rated value is considered as equal to the current-carrying capacity.

[SOURCE: IEC 60050-826:2004, 826-11-14, modified — The definition has been amended.]

3.1.45

overload of a circuit

time/current relationship in a circuit which is in excess of the rated full load of the circuit when
the circuit is not under a fault condition

Note 1 to entry: Overload should not be used as a synonym for overcurrent.
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3.1.46

plug/socket combination

component and a suitable mating component, appropriate to terminate conductors, intended
for connection or disconnection of two or more conductors

Note 1 to entry: Examples of plug/socket combination include:
— connectors which fulfil the requirements of IEC 61984;

— a plug and socket-outlet, a cable coupler, or an appliance coupler in accordance with IEC 60309-1;

a—plua —and socket-outlet inaccordancewith |EC 60884.1 or an appliance—coupler in_—accordance Wit
e g g g

IEC 60320-1.

3.1.47

power circuit

circuit that supplies power to units of equipment used for productive operation and tg
fransformers supplying control circuits

3.1.48

prospective short-circuit current

/cp

F.m.s. value of the current which would flow when the supply cenductors to the electrica
equipment are short-circuited by a conductor of negligible impedance located as near as
practicable to the supply terminals of the electrical equipment

[SOURCE: IEC 61439-1: 2011, 3.8.7, modified — “assembly” has been replaced by “electrica
equipment”]

3.1.49
protective bonding
pquipotential bonding for protection against electric shock

Note 1 to entry: Measures for protection against-gléctric shock can also reduce the risk of burns or fire.

Note 2 to entry: Protective bonding can be.achieved with protective conductors and protective bonding conductorg
Bnd by conductive joining of conductive patts of the machine and its electrical equipment.

3.1.50

protective bonding circuit

protective conductors and.conductive parts connected together to provide protection against
Electric shock in the event of an insulation failure

3.1.51

protective conductor
conductor providing a primary fault current path from the exposed conductive parts of the
electrical. equipment to a protective earthing (PE) terminal

3.1.52
redundancy
appticatiomofmore—thamonme—deviceor—system,or partof a—deviceor—system,—with—th

objective of ensuring that in the event of one failing to perform its function, another is
available to perform that function

3.1.53
reference designation
distinctive code which serves to identify an object in the documentation and on the equipment

3.1.54

risk

combination of the probability of occurrence of harm (i.e. physical injury or damage to health)
and the severity of that harm


https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

IEC 60204-1:2016 © IEC 2016 - 25—

[SOURCE: ISO 12100:2010, 3.12, modified — The text in parentheses has been added]

3.1.55
safeguard
guard or protective device provided as a means to protect persons from a hazard

[SOURCE: ISO 12100:2010, 3.26, modified — The words “provided as a means to protect
persons from a hazard” have been added.]

3.1.56

safeguarding

protective measure using safeguards to protect persons from the hazards which .‘cannot
reasonably be eliminated or from the risks which cannot be sufficiently reduced by.inhgerently
safe design measures

[SOURCE: 1ISO 12100:2010, 3.21]

3.1.57
safety function
function of a machine whose failure can result in an immediate increase of the risk(s)

[SOURCE: ISO 12100:2010, 3.30; IEC 62061:2005, 3.2.15]

3.1.58
servicing level
evel on which persons stand when operating or maintaining the electrical equipment

3.1.59

short-circuit current
pvercurrent resulting from a short-circuit) due to a fault or an incorrect connection in an
electric circuit

[SOURCE: IEC 60050-441:1984-441-11-07]

3.1.60

short-circuit current rating
value of prospective short-circuit current that can be withstood by the electrical equipment for
fhe total operating time (clearing time) of the short-circuit protective device (SCPD) undetr
specified conditions

[SOURCE. 4EC 61439-1: 2011, 3.8.10.4, modified — The word “rated” is removed from the
ferm, and.the reference to “assembly” removed from the definition.]

3.1.61

skilled person
electrically skilled person
person with relevant training, education and experience to enable him or her to perceive risks
and to avoid hazards associated with electricity

[SOURCE: IEC 60050-826:2004, 826-18-01, modified — The parentheses have been removed
and “training” has been added.]

3.1.62

supplier

entity (for example manufacturer, contractor, installer, integrator) who provides equipment or
services associated with the machine
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Note 1 to entry: The user organization may also act in the capacity of a supplier to itself.

3.1.63
switching device
device designed to make and/or break the current in one or more electric circuits

Note 1 to entry: A switching device may perform one or both of these actions.

[SOURCE: IEC 60050-441:1984, 441-14-01]

3.1.64
uncontrolled stop
stopping of machine motion by removing electrical power to the machine actuators

Note 1 to entry: This definition does not imply any particular state of other stopping devices)for examplg
mechanical or hydraulic brakes.

3.1.65
user
entity who utilizes the machine and its associated electrical equipment

3.2 Abbreviated terms

AWG  American Wire Gauge

AC Alternating Current

BDM Basic Drive Module

CCS Cableless Control System

pDC Direct Current

EMC Electro-Magnetic Compatibility

EMI Electro-Magnetic Interference
FLS Insulation Fault Location System
MMI Man-Machine interface

PDS Power Drive System

PELV  Protective Extra-Low. Voltage

RCD Residual Current\protective Device
SPD Surge Protective Devices

SCPD  Short-Circuit Protective Device
SELV  Safe Extra-Low Voltage

SLP Safely-Limited Position

STO Safe Torque Off

A “General requirements

41 General

This standard specifies requirements for the electrical equipment of machines.

The risks associated with the hazards relevant to the electrical equipment shall be assessed
as part of the overall requirements for risk assessment of the machine. This will:

— identify the need for risk reduction; and

— determine adequate risk reductions; and

— determine the necessary protective measures
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for persons who can be exposed to those hazards, while still maintaining an appropriate
performance of the machine and its equipment.

Hazardous situations can result from, but are not limited to, the following causes:
— failures or faults in the electrical equipment resulting in the possibility of electric shock,
arc, or fire;

— failures or faults in control circuits (or components and devices associated with those
circuits) resulting in the malfunctioning of the machine;

- disturbances or disruptions in power sources as well as failures or faults in the power
circuits resulting in the malfunctioning of the machine;

- loss of continuity of circuits that can result in a failure of a safety function, for-example
those that depend on sliding or rolling contacts;

- electrical disturbances for example, electromagnetic, electrostatic either from outside the
electrical equipment or internally generated, resulting in the malfufictioning of the
machine;

- release of stored energy (either electrical or mechanical) resulting inz;for example, electrig
shock, unexpected movement that can cause injury;

- acoustic noise and mechanical vibration at levels that cause health problems to persons;

- surface temperatures that can cause injury.

Safety measures are a combination of the measures incorporated at the design stage and
those measures required to be implemented by the user:

The design and development process shall identify. hazards and the risks arising from them
Where the hazards cannot be removed and/dp the risks cannot be sufficiently reduced by
nherently safe design measures, protectivesmeasures (for example safeguarding) shall be
provided to reduce the risk. Additional means (for example, awareness means) shall be
provided where further risk reduction i) necessary. In addition, working procedures that
Feduce risk can be necessary.

t is recommended that, where theruser is known, Annex B be used to facilitate an exchange
pf information between the usér and the supplier(s) on basic conditions and additional user
specifications related to the.glectrical equipment.

NOTE Those additional specifications can:

- provide additional. features that are dependent on the type of machine (or group of machines) and thg
application;

- facilitate maintenance and repair; and

- improve the-reliability and ease of operation.

.2 Selection of equipment

21 General

Electrical components and devices shall:

— be suitable for their intended use; and
— conform to relevant IEC standards where such exist; and

— be applied in accordance with the supplier’s instructions.
4.2.2 Switchgear

In addition to the requirements of IEC 60204-1, depending upon the machine, its intended use
and its electrical equipment, the designer may select parts of the electrical equipment of the
machine that are in compliance with relevant parts of the IEC 61439 series (see also
Annex F).
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4.3 Electrical supply
4.3.1 General

The electrical equipment shall be designed to operate correctly with the conditions of the
supply:

— as specified in 4.3.2 or 4.3.3, or
— as otherwise specified by the user, or

- as specified by the supplier of a special source of supply (see 4.3.4)

@.3.2 AC supplies

Voltage Steady state voltage: 0,9 to 1,1 of nominal voltage.

Frequency 0,99 to 1,01 of nominal frequency continuously;
0,98 to 1,02 short time.

Harmonics Harmonic distortion not exceeding 12 % of the total r.m.s. voltage
between live conductors for the sum of the 2ndcthrough to the 30th
harmonic.

\Voltage unbalance Neither the voltage of the negative sequence component nor the

voltage of the zero sequence component in three-phase supplies
exceeding 2 % of the positive sequencé component.

\oltage interruption Supply interrupted or at zero voltage for not more than 3 ms at any
random time in the supply cycle with more than 1s between
successive interruptions.

Voltage dips Voltage dips not exceeding/20 % of the rms voltage of the supply for
more than one cycle withtmore than 1 s between successive dips.

#.3.3 DC supplies

From batteries:

Voltage 0,85 to 1,15 of nominal voltage;
0,7 to+1,2 of nominal voltage in the case of battery-operated
vehigles.

\Voltage interruption Not exceeding 5 ms.

From converting equipment:

Voltage 0,9 to 1,1 of nominal voltage.

Voltage interruption Not exceeding 20 ms with more than 1s between successive
interruptions.

NOTE _This'is a variation to IEC Guide 106 to ensure proper operation of electronic equipment.

Ripple' (peak-to-peak) Not exceeding 0,15 of nominal voltage.

434 Special supply systems

For special supply systems (e.g. on-board generators, DC bus, etc.) the limits given in 4.3.2
and 4.3.3 may be exceeded provided that the equipment is designed to operate correctly with
those conditions.

44 Physical environment and operating conditions
4.41 General

The electrical equipment shall be suitable for the physical environment and operating
conditions of its intended use. The requirements of 4.4.2 to 4.4.8 cover the physical
environment and operating conditions of the majority of machines covered by this part of
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IEC 60204. When special conditions apply or the limits specified are exceeded, an exchange
of information between user and supplier (see 4.1) can be necessary.

4.4.2 Electromagnetic compatibility (EMC)

The electrical equipment shall not generate electromagnetic disturbances above levels that
are appropriate for its intended operating environment. In addition, the electrical equipment
shall have a sufficient level of immunity to electromagnetic disturbances so that it can function
in its intended environment.

mmunity and/or emission tests are required on the electrical equipment unless the following
conditions are fulfilled:

o the incorporated devices and components comply with the EMC requirements for the
intended EMC environment specified in the relevant product standard (or gengeric¢ standard
where no product standard exists), and;

o the electrical installation and wiring are consistent with the instructiohs provided by the
supplier of the devices and components with regard to mutual influences, (cabling
screening, earthing etc.) or with informative Annex H if such instructions are not available
from the supplier.

NOTE The generic EMC standards IEC 61000-6-1 or IEC 61000-6-2 and AEC/61000-6-3 or IEC 61000-6-4 givg
heneral EMC emission and immunity limits.

B.4.3 Ambient air temperature

Flectrical equipment shall be capable of operating’correctly in the intended ambient air
femperature. The minimum requirement for all el€ctrical equipment is correct operation in
pmbient air temperatures outside of enclosures/(cabinet or box) between +5 °C and +40 °C.

B.4.4 Humidity

The electrical equipment shall be capable of operating correctly when the relative humidity
does not exceed 50 % at a maximum temperature of +40 °C. Higher relative humidities ar¢
permitted at lower temperatures (fer'example 90 % at 20 °C).

Harmful effects of occasional condensation shall be avoided by design of the equipment or
Where necessary, by additional measures (for example built-in heaters, air conditioners, drain
holes).

#.4.5 Altitude

Flectrical eqlipment shall be capable of operating correctly at altitudes up to 1 000 m above
mean seadlevel.

FFor equipment to be used at higher altitudes, it is necessary to take into account the reduction
pf

the dielectric strength, and;

the switching capability of the devices, and;

the cooling effect of the air.

It is recommended that the manufacturer is consulted regarding the correction factors to be
used where the factors are not specified in product data.

4.4.6 Contaminants

Electrical equipment shall be adequately protected against the ingress of solids and liquids
(see 11.3).
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The electrical equipment shall be adequately protected against contaminants (for example
dust, acids, corrosive gases, salts) that can be present in the physical environment in which
the electrical equipment is to be installed.

4.4.7 lonizing and non-ionizing radiation

When equipment is subject to radiation (for example microwave, ultraviolet, lasers, X-rays),
additional measures shall be taken to avoid malfunctioning of the equipment and accelerated
deterioration of the insulation.

|4.4.8 Vibration, shock, and bump

Undesirable effects of vibration, shock and bump (including those generated by the-mathing
and its associated equipment and those created by the physical environment)-shall be
pvoided by the selection of suitable equipment, by mounting it away from the machine, or by
provision of anti-vibration mountings.

@.5 Transportation and storage

Flectrical equipment shall be designed to withstand, or suitable precautions shall be taken tg
protect against, the effects of transportation and storage temperatures within a range of
-25 °C to +55 °C and for short periods not exceeding 24 h at.up to +70 °C. Suitable meang
shall be provided to prevent damage from humidity, vibration@and shock.

NOTE Electrical equipment susceptible to damage at low temperaturés’includes PVC insulated cables.
#.6 Provisions for handling

Heavy and bulky electrical equipment that has{to*be removed from the machine for transport
pr that is independent of the machine, shall:be provided with suitable means for handling
ncluding where necessary means for handling by cranes or similar equipment.

5 Incoming supply conductor.terminations and devices for disconnecting and
switching off

5.1 Incoming supply conductor terminations

t is recommended that{ where practicable, the electrical equipment of a machine is connected
fo a single incoming’ supply. Where another supply is necessary for certain parts of the
equipment (for example, electronic equipment that operates at a different voltage), that supply
should be derived, as far as is practicable, from devices (for example, transformers
converters) forming part of the electrical equipment of the machine. For large compleX
machinery~there can be a need for more than one incoming supply depending upon the sitg
supply arrangements (see 5.3.1).

Uniess a plug is provided with the machine for the connection to the supply (see 5.3.2 e)), it ig
recommended that the supply conductors are terminated at the supply disconnecting device.

Where a neutral conductor is used it shall be clearly indicated in the technical documentation
of the machine, such as in the installation diagram and in the circuit diagram, and a separate
insulated terminal, labelled N in accordance with 16.1, shall be provided for the neutral
conductor. The neutral terminal may be provided as part of the supply disconnecting device.

There shall be no connection between the neutral conductor and the protective bonding circuit
inside the electrical equipment.

Exception: a connection may be made between the neutral terminal and the PE terminal at the
point of the connection of the electrical equipment to a TN-C supply system.
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For machines supplied from parallel sources, the requirements of IEC 60364-1 for multiple
source systems apply.

Terminals for the incoming supply connection shall be clearly identified in accordance with
IEC 60445. The terminal for the external protective conductor shall be identified in
accordance with 5.2.

5.2 Terminal for connection of the external protective conductor

For each incoming supply, a terminal shall be provided in the same compartment as the
pssociated line conductor terminals for connection of the machine to the external protective
conductor.

The terminal shall be of such a size as to enable the connection of an external protective
copper conductor with a cross-sectional area determined in relation to the{size of the
pssociated line conductors in accordance with Table 1.

Table 1 — Minimum cross-sectional area of copper protective'conductors

Cross-sectional area of line Minimum cross-sectional area of the
conductors S corresponding protective conductor
(PE).Sp
mm?2 mm2
§<16 S
16 < § <35 16
S >35 S/2

Where an external protective conductor of axmaterial other than copper is used, the termina
5ize and type shall be selected accordingly

At each incoming supply point, the terminal for connection of external protective conductor
shall be marked or labelled with thesletters PE (see IEC 60445).

6.3 Supply disconnecting (isolating) device
5.3.1 General

A supply disconnecting device shall be provided:
- for each incoming supply to (a) machine(s);

NOTE TRelihcoming supply can be connected directly to the supply disconnecting device of the machine or tg
the supply~disconnecting device of a feeder system of the machine. Feeder systems of machines can includg
conductor wires, conductor bars, slip-ring assemblies, flexible cable systems (reeled, festooned) or inductivg
power supply systems.

- {for each on-board power supply.

The supply disconnecting device shall disconnect (isolate) the electrical equipment of the
machine from the supply when required (for example for work on the machine, including the
electrical equipment).

Where two or more supply disconnecting devices are provided, protective interlocks for their
correct operation shall also be provided in order to prevent a hazardous situation, including
damage to the machine or to the work in progress.

5.3.2 Type

The supply disconnecting device shall be one of the following types:
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a) switch-disconnector, with or without fuses, in accordance with IEC 60947-3, utilization
category AC-23B or DC-23B;

b) control and protective switching device suitable for isolation, in accordance with
IEC 60947-6-2;

c) a circuit-breaker suitable for isolation in accordance with IEC 60947-2;

d) any other switching device in accordance with an IEC product standard for that device and
which meets the isolation requirements and the appropriate utilization category and/or
specified endurance requirements defined in the product standard;

£) a plug/socket combination for a flexible cable supply.
b.3.3 Requirements

Where the supply disconnecting device is one of the types specified in 5.3.2 a) to™d) it shal
Fulfil all of the following requirements:

- isolate the electrical equipment from the supply and have one OFF (isolated) and ong
ON position marked with "O" and "I" (symbols IEC 60417-5008" (2002-10) and
IEC 60417-5007 (2002-10), see 10.2.2);

- have a visible contact gap or a position indicator which cannot indicate OFF (isolated) unti
all contacts are actually open and the requirements for the_isolating function have been
satisfied;

- have an operating means (see 5.3.4);

- be provided with a means permitting it to be locked in the OFF (isolated) position (for
example by padlocks). When so locked, remote as well as local closing shall be
prevented;

- disconnect all live conductors of its power supply circuit. However, for TN supply systems,
the neutral conductor may or may nat _be disconnected except in countries whereg
disconnection of the neutral conductor (when used) is compulsory;

- have a breaking capacity sufficient.to interrupt the current of the largest motor when
stalled together with the sum of the-normal running currents of all other motors and othe
loads. The calculated breaking capacity may be reduced by the use of a proven diversity
factor. Where motor(s) are supplied by converter(s) or similar devices, the calculation
should take into account theypossible effect on the required breaking capacity.

Where the supply disconnécting device is a plug/socket combination, it shall comply with the
requirements of 13.4.5 and shall have the breaking capacity, or be interlocked with 4
switching device that has a breaking capacity, sufficient to interrupt the current of the largest
motor when stalled-iogether with the sum of the normal running currents of all other motorg
and other loads\ The calculated breaking capacity may be reduced by the use of a proven
diversity factor~Where the interlocked switching device is electrically operated (for example g
contactor) .it:shall have an appropriate utilisation category. Where motor(s) are supplied by
converter(s) or similar devices, the calculation should take into account the possible effect on
the required breaking capacity.

NOTE A

suitably rated plug and socket-outlet, cable coupler, or appliance coupler, in accordance with

FRRTITR H 4
carr o eSSt TrequiremetsS:

Where the supply disconnecting device is a plug/socket combination, a switching device with
an appropriate utilisation category shall be provided for switching the machine on and off.
This can be achieved by the use of the interlocked switching device described above.

5.34 Operating means of the supply disconnecting device

The operating means (for example, a handle) of the supply disconnecting device shall be
external to the enclosure of the electrical equipment.
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Exception: power-operated switchgear need not be provided with a handle outside the
enclosure where other means (e.g. pushbuttons) are provided to open the supply
disconnecting device from outside the enclosure.

The operating means of the supply disconnecting device shall be easily accessible and
located between 0,6 m and 1,9 m above the servicing level. An upper limit of 1,7 m is
recommended.

NOTE The direction of operation is given in IEC 61310-3.

Where the external operating means is intended for emergency operation, see 10.7.3 ‘of
10.8.3.

Where the external operating means is not intended for emergency operations:

- it is recommended that it be coloured BLACK or GREY (see 10.2)

- a supplementary cover or door that can be readily opened without the Use of a key or too
may be provided, for example for protection against environmental conditions of
mechanical damage. Such a cover/door shall clearly show that it provides access to the
operating means. This can be achieved, for example, by use of the relevant symbo
IEC 60417-6169-1 (2012-08) (Figure 2) or IEC 60417-6169-2-(2012-08), (Figure 3).

r Bl
-

L _

Figure 2 — Disconnector isolator

r T

NN

Figure 3 — Disconnecting circuit breaker

5.3.5 Excepted circuits
The following:circuits need not be disconnected by the supply disconnecting device:

- lighting-circuits for lighting needed during maintenance or repair;

- sockKet outlets for the exclusive connection of repair or maintenance tools and equipment
(for example hand drills, test equipment) (see 15.1);

=—undervottage protectiom ctircuitsthatare onty providedfor autonmatictrippimg i theeven
of supply failure;

— circuits supplying equipment that should normally remain energized for correct operation
(for example temperature controlled measuring devices, heaters, program storage
devices).

It is recommended, however, that such circuits be provided with their own disconnecting
device.

Control circuits supplied via another supply disconnecting device, regardless of whether that
disconnecting device is located in the electrical equipment or in another machine or other
electrical equipment, need not be disconnected by the supply disconnecting device of the
electrical equipment.
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Where excepted circuits are not disconnected by the supply disconnecting device:
— permanent warning label(s) shall be appropriately placed in proximity to the operating
means of the supply disconnecting device to draw attention to the hazard;

— a corresponding statement shall be included in the maintenance manual, and one or more
of the following shall apply:

e the conductors are identified by colour taking into account the recommendation of
13.2.4;

e excepted Circults are separated from other CIrcults,

e excepted circuits are identified by permanent warning label(s).
6.4 Devices for removal of power for prevention of unexpected start-up

Devices for removal of power for the prevention of unexpected start-up shall/bé provided
Where a start-up of the machine or part of the machine can create a hazard-(for example
during maintenance). Such devices shall be appropriate and convenient for-the intended use
pbe suitably placed, and readily identifiable as to their function and purpose. Where their
function and purpose is not otherwise obvious (e.g. by their location) these devices shall be
marked to indicate the extent of removal of power.

NOTE 1 This part of IEC 60204 does not address all provisions for prevention of unexpected start up. Furtheq
nformation is provided in ISO 14118.

NOTE 2 Removal of power means removal of the connection to the gourcCe of electrical energy but does not imply
solation.

The supply disconnecting device or other devices(in accordance with 5.3.2 may be used for
prevention of unexpected start-up.

Disconnectors, withdrawable fuse links and\withdrawable links may be used for protection of
unexpected start-up only if they are located in an enclosed electrical operating area (se¢
3.1.23).

Pevices that do not fulfil the isqglation function (for example a contactor switched off by a
control circuit, or Power Drive, System (PDS) with a Safe Torque Off (STO) function in
nccordance with IEC 61800-5-2) may only be used for prevention of unexpected start-up
during tasks such as:

- inspections;

- adjustments;

- work on the electrical equipment where:

e there\is no hazard arising from electric shock (see Clause 6) and burn;
o {the switching off means remains effective throughout the work;

¢ _)the work is of a minor nature (for example, replacement of plug-in devices without
disturbing existing wiring).

The selection of a device will be dependent on the risk assessment, taking into account the
intended use of the device, and the persons who are intended to operate them.

5.5 Devices for isolating electrical equipment

Devices shall be provided for isolating (disconnecting) the electrical equipment or part(s) of
the electrical equipment to enable work to be carried out when it is de-energised and isolated.
Such devices shall be:

— appropriate and convenient for the intended use;

— suitably placed;
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— readily identifiable as to which part(s) or circuit(s) of the equipment is served. Where their
function and purpose is not otherwise obvious (e.g. by their location) these devices shall
be marked to indicate the extent of the equipment that they isolate.

The supply disconnecting device (see 5.3) may, in some cases, fulfil that function. However,
where it is necessary to work on individual parts of the electrical equipment of a machine, or
on one of the machines fed by a common conductor bar, conductor wire or inductive power
supply system, a disconnecting device shall be provided for each part, or for each machine,
requiring separate isolation.

n addition to the supply disconnecting device, the following devices that fulfil the isolation
function may be provided for this purpose:
- devices described in 5.3.2;

- disconnectors, withdrawable fuse links and withdrawable links only if located in an
enclosed electrical operating area (see 3.1.23) and relevant information is “provided with
the electrical equipment (see Clause 17).

b.6 Protection against unauthorized, inadvertent and/or mistakerr,connection

Where the devices described in 5.4 and 5.5 are located outside an enclosed electrica
pperating area they shall be equipped with means to secure“them in the OFF position
disconnected state), (for example by provisions for padlogking, trapped key interlocking)
When so secured, remote as well as local reconnection shall be prevented.

Where the devices described in 5.4 and 5.5 are Yocated inside an enclosed electrica
pperating area other means of protection against reconnection (for example warning labels
can be sufficient.

However, when a plug/socket combination according to 5.3.2 e) is so positioned that it can be
kept under the immediate supervision of the person carrying out the work, means for securing
n the disconnected state need not be provided.

6 Protection against electric-shock

6.1 General
The electrical equipmentshall provide protection of persons against electric shock by:

- basic protectien(see 6.2 and 6.4), and;
- fault protection (see 6.3 and 6.4).
The measures for protection given in 6.2, 6.3, and, for PELV, in 6.4, are a selection from

EC 60364-4-41. Where those measures are not practicable, for example due to the physica
pr opérational conditions, other measures from IEC 60364-4-41 may be used (e.g. SELV).

s 2 Bas:n Brotaction
O T PTOTCCUON

6.2.1 General

For each circuit or part of the electrical equipment, the measures of either 6.2.2 or 6.2.3 and,
where applicable, 6.2.4 shall be applied.

Exception: where those measures are not appropriate, other measures for basic protection
(for example by using barriers, by placing out of reach, using obstacles, using construction or
installation techniques that prevent access) as defined in IEC 60364-4-41 may be applied
(see also 6.2.5 and 6.2.6).
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Where the equipment is located in places open to all persons, which can include children,
measures of either 6.2.2 with a minimum degree of protection against contact with live parts
corresponding to IP4X or IPXXD (see IEC 60529), or 6.2.3 shall be applied.

6.2.2 Protection by enclosures

Live parts shall be located inside enclosures that provide protection against contact with live
parts of at least IP2X or IPXXB (see IEC 60529).

Where the top surfaces of the enclosure are readily accessible, the minimum degree -of
protection against contact with live parts provided by the top surfaces shall be IP4X or IPXXD.

Opening an enclosure (i.e. opening doors, lids, covers, and the like) shall be possible only
under one of the following conditions:

p) The use of a key or tool is necessary for access.

NOTE 1 The use of a key or tool is intended to restrict access to skilled or instructed persons (see 17.2 f)).

All live parts, (including those on the inside of doors) that are likely,to be touched when
resetting or adjusting devices intended for such operations while the equipment is stil
connected, shall be protected against contact to at least IP2X 'or IPXXB. Other live parts
on the inside of doors shall be protected against unintentional direct contact to at least
IP1X or IPXXA.

b) The disconnection of live parts inside the enclosure before the enclosure can be opened.

This may be accomplished by interlocking the doer with a disconnecting device (fof
example, the supply disconnecting device) so that'the door can only be opened when the
disconnecting device is open and so that thedisconnecting device can only be closed
when the door is closed.

Exception: a key or tool as prescribed by the supplier can be used to defeat the interlock
provided that the following conditions are"met:

— it is possible at all times while{the interlock is defeated to open the disconnecting
device and lock the disconnegting device in the OFF (isolated) position or otherwise
prevent unauthorised closure of the disconnecting device;

— upon closing the door, the interlock is automatically restored;

— all live parts, (including those on the inside of doors) that are likely to be touched when
resetting or adjusting devices intended for such operations while the equipment is stil
connected, are protected against unintentional contact with live parts to at least IP2X
or IPXXB and.other live parts on the inside of doors are protected against unintentiona
contact torat\east IP1X or IPXXA;

— relevant.information about the procedures for the defeat of the interlock is provided
withthe instructions for use of the electrical equipment (see Clause 17).

— .means are provided to restrict access to live parts behind doors that are not directly
thterlocked with the disconnecting means to skilled or instructed persons. (See
17.2 b)).

All parts that are still live after switching off the disconnecting device(s) (see 5.3.5) shal
be protected against direct contact to at least IP2X or IPXXB (see IEC 60529). Such parts
shall be marked with a warning sign in accordance with 16.2.1 (see also 13.2.4 for
identification of conductors by colour), except for:

— parts that can be live only because of connection to interlocking circuits and that are
distinguished by colour as potentially live in accordance with 13.2.4;

— the supply terminals of the supply disconnecting device when the latter is mounted
alone in a separate enclosure.

c) Opening without the use of a key or a tool and without disconnection of live parts shall be
possible only when all live parts are protected against contact to at least IP2X or IPXXB
(see IEC 60529). Where barriers provide this protection, either they shall require a tool for
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their removal or all live parts protected by them shall be automatically disconnected when
the barrier is removed. Where protection against contact is achieved in accordance with
6.2.2 c), and a hazard can be caused by manual actuation of devices (for example manual
closing of contactors or relays), such actuation should be prevented by barriers or
obstacles that require a tool for their removal.

6.2.3 Protection by insulation of live parts

Live parts protected by insulation shall be completely covered with insulation that can only be
emoved by destruction. Such insulation shall be capable of withstanding the mechanical
chemical, electrical, and thermal stresses to which it can be subjected under normal operating
conditions.

NOTE Paints, varnishes, lacquers, and similar products alone are generally considered to be inadequate fo
protection against electric shock under normal operating conditions.

6.2.4 Protection against residual voltages

| ive parts having a residual voltage greater than 60 V when the supply is disconnected shal
be discharged to 60 V or less within a time period of 5 s provided thatcthis rate of discharge
does not interfere with the proper functioning of the equipment. Exempted from thig
requirement are components having a stored charge of 60 uC orless. Where this specified
rate of discharge would interfere with the proper functioningfof'the equipment, a durablg
warning notice drawing attention to the hazard and stating-the delay required before the
enclosure may be opened shall be displayed at an easily“visible location on or immediately
pdjacent to the enclosure that contains the live parts.

n the case of plugs or similar devices, the withdrawal of which results in the exposure of
conductors (for example pins), the discharge time to 60 V shall not exceed 1 s, otherwisg
such conductors shall be protected to at leastdP2X or IPXXB. If neither a discharge time of
1 s nor a protection of at least IP2X or IPXXB can be achieved (for example in the case of
removable collectors on conductor wires, conductor bars, or slip-ring assemblies, see 12.7.4)
pdditional switching devices or an appropriate warning, for example a warning sign drawing
pttention to the hazard and stating the delay required shall be provided. When the equipment
s located in places open to allgpersons, which can include children, warnings are nof
sufficient and therefore a minimum+*degree of protection against contact with live parts to IP4X
pr IPXXD is required.

NOTE Frequency converters.and DC bus supplies could have typically a longer discharge time than 5 s.
6.2.5 Protectioniby barriers

F-or protection by\barriers, the requirements of IEC 60364-4-41 shall apply.

6.2.6 Rrotection by placing out of reach or protection by obstacles

FFor protection by placing out of reach, the requirements of IEC 60364-4-41 shall apply. For
protection by obstacles, the requirements of IEC 60364-4-41 shall apply.

For conductor wire systems or conductor bar systems with a degree of protection less than
IP2X or IPXXB, see 12.7.1.

6.3 Fault protection
6.3.1 General

Fault protection (3.31) is intended to prevent hazardous situations due to an insulation fault
between live parts and exposed conductive parts.

For each circuit or part of the electrical equipment, at least one of the measures in
accordance with 6.3.2 to 6.3.3 shall be applied:
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— measures to prevent the occurrence of a touch voltage (6.3.2); or

— automatic disconnection of the supply before the time of contact with a touch voltage can
become hazardous (6.3.3).

NOTE 1 The risk of harmful physiological effects from a touch voltage depends on the value of the touch voltage
and the duration of possible exposure.

NOTE 2 |EC 61140 provides information about classes of equipment and protective provisions.

6.3.2 Prevention of the occurrence of a touch voltage

6.3.2.1 General
Measures to prevent the occurrence of a touch voltage include the following:

- provision of class Il equipment or by equivalent insulation;
- electrical separation.

6.3.2.2 Protection by provision of class Il equipment or by equivalent insulation

This measure is intended to prevent the occurrence of touch voltages.on the accessible partg
through a fault in the basic insulation.

This protection is provided by one or more of the following:
- class |l electrical devices or apparatus (double inSulation, reinforced insulation or by
equivalent insulation in accordance with IEC 61140);

- switchgear and controlgear assemblies Having total insulation in accordance
with IEC 61439-1;

- supplementary or reinforced insulation in-accordance with IEC 60364-4-41.
6.3.2.3 Protection by electrical separation

Flectrical separation of an individual\ circuit is intended to prevent a touch voltage through
contact with exposed conductive parts that can be energized by a fault in the basic insulation
pf the live parts of that circuit.

For this type of protection,he requirements of IEC 60364-4-41 apply.

6.3.3 Protection.by automatic disconnection of supply

Automatic discennection of the supply of any circuit affected by an insulation fault is intended
fo prevent a hazardous situation resulting from a touch voltage.

This measure consists of the interruption of one or more of the line conductors by the
putomatic operation of a protective device in case of a fault. This interruption shall occur
within/a sufficiently short time to limit the duration of a touch voltage to a time within the limitg
specified in Annex A for TN and TT systems.

This measure necessitates co-ordination between:

— the type of supply system, the supply source impedance and the earthing system;

— the impedance values of the different elements of the line and of the associated fault
current paths through the protective bonding circuit;

— the characteristics of the protective devices that detect insulation fault(s).

NOTE 1 Details of verification of conditions for protection by automatic disconnection of supply are provided in
18.2.

This protective measure comprises both:
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— protective bonding of exposed conductive parts (see 8.2.3),
— and one of the following:
a) In TN systems, the following protective devices may be used:
e overcurrent protective devices;

e residual current protective devices (RCDs) and associated overcurrent protective

device(s).
NOTE 2 The preventive maintenance can be enhanced by use of a residual current monitoring device,
RGM—eomphrngwithHEG62020-

b) in TT systems, either:

o RCDs and associated overcurrent protective device(s) to initiate the automatig
disconnection of the supply on detection of an insulation fault from a live\part to
exposed conductive parts or to earth, or

e overcurrent protective devices may be used for fault protection provided a suitably
low value of the fault loop impedance Zg (see A.2.2.3) is permanently and reliably
assured;

NOTE 3 The preventive maintenance can be enhanced by use of a residual‘€urrent monitoring device
RCM, complying with IEC 62020.

c) In IT systems the relevant requirements of IEC 60364-4-41 shall be fulfilled. During an
insulation fault, an acoustic and optical signal shall be~sustained. After annunciation
the acoustic signal may then be manually muted. This can require an agreement
between the supplier and user regarding the provision of insulation monitoring devices
and/or insulation fault location system(s).

NOTE 4 In large machines, the provision of an insulatignyfault location system (IFLS) in accordance with
IEC 61557-9 can facilitate maintenance.

Where automatic disconnection is provided intaccordance with a), and disconnection within
the time specified in A.1.1 cannot be assured, supplementary protective bonding shall be
provided as necessary to meet the requirements of A.1.3.

Where a power drive system (PDS).is provided, fault protection shall be provided for those
circuits of the power drive system.that are supplied by the converter. Where this protection ig
hot provided within the converter; the necessary protection measures shall be in accordance
with the converter manufacturer’s instructions.

6.4 Protection by the use of PELV
6.4.1 General requirements

The use of PELV (Protective Extra-Low Voltage) is to protect persons against electric shocK
from indirect contact and limited area direct contact (see 8.2.1).

PELV cireuits shall satisfy all of the following conditions:

p)the nominal voltage shall not exceed:

e 25V AC rm.s. or 60 V ripple-free DC when the equipment i1s normally used in dry
locations and when large area contact of live parts with the human body is not
expected; or

e 6V ACTr.m.s.or 15V ripple-free DC in all other cases;

NOTE "Ripple-free" is conventionally defined for a sinusoidal ripple voltage as a ripple content of not more
than 10 % r.m.s.

b) one side of the circuit or one point of the source of the supply of that circuit shall be
connected to the protective bonding circuit;

c) live parts of PELV circuits shall be electrically separated from other live circuits. Electrical
separation shall be not less than that required between the primary and secondary circuits
of a safety isolating transformer (see IEC 61558-1 and IEC 61558-2-6 );
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d) conductors of each PELV circuit shall be physically separated from those of any
other circuit. When this requirement is impracticable, the insulation provisions of 13.1.3
shall apply;

e) plugs and socket-outlets for a PELV circuit shall conform to the following:
e plugs shall not be able to enter socket-outlets of other voltage systems;

e socket-outlets shall not admit plugs of other voltage systems.

6.4.2 Sources for PELV

The source for PELV shall be one of the following:

- a safety isolating transformer in accordance with IEC 61558-1 and IEC 61558-2-6;

- a source of current providing a degree of safety equivalent to that of the safety~isolating
transformer (for example a motor generator with winding providing equivalentisolation);

- an electrochemical source (for example a battery) or another source ihdependent of g
higher voltage circuit (for example a diesel-driven generator);

- an electronic power supply conforming to appropriate standards specifying measures to be
taken to ensure that, even in the case of an internal fault, the"voltage at the outgoing
terminals cannot exceed the values specified in 6.4.1.

7 Protection of equipment

7.1 General
This Clause 7 details the measures to be taken to protect equipment against the effects of:

~ overcurrent arising from a short-circuit;

- overload and/or loss of cooling of motors;

- abnormal temperature;

— loss of or reduction in the supply,voltage;

- overspeed of machines/machine elements;

— earth fault/residual current;

- incorrect phase sequéence;

— overvoltage due to lightning and switching surges.

7.2 Overcurrent protection
7.2.1 General
Overcurrent protection shall be provided where the current in any circuit can exceed either the

rating ‘of any component or the current carrying capacity of the conductors, whichever is the
egser value. The ratings or settings to be selected are detailed in 7.2.10.

7.2.2 Supply conductors

Unless otherwise specified by the user, the supplier of the electrical equipment is not
responsible for providing the supply conductors and the overcurrent protective device for the
supply conductors to the electrical equipment.

The supplier of the electrical equipment shall state in the installation documents the data
necessary for conductor dimensioning (including the maximum cross-sectional area of the
supply conductor that can be connected to the terminals of the electrical equipment) and for
selecting the overcurrent protective device (see 7.2.10 and 17).
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7.2.3 Power circuits

Devices for detection and interruption of overcurrent, selected in accordance with 7.2.10, shall
be applied to each live conductor including circuits supplying control circuit transformers.

The following conductors, as applicable, shall not be disconnected without disconnecting all
associated live conductors:

— the neutral conductor of AC power circuits;

- the earthed conductor of DC power circuits;
- DC power conductors bonded to exposed conductive parts of mobile machines.

Where the cross-sectional area of the neutral conductor is at least equal to or equivalent tg
that of the line conductors, it is not necessary to provide overcurrent detection for.the neutra
conductor nor a disconnecting device for that conductor. For a neutral conductordwith a crossH
sectional area smaller than that of the associated line conductors, the measSures detailed in
624 of IEC 60364-5-52:2009 shall apply.

n IT systems, it is recommended that the neutral conductor is not used. However, where 3
heutral conductor is used, the measures detailed in 431.2.2 of IEC 60364-4-43:2008 shal

apply.

7.2.4 Control circuits

Conductors of control circuits directly connected to <the” supply voltage shall be protected
ngainst overcurrent in accordance with 7.2.3.

Conductors of control circuits supplied by a<wransformer or DC supply shall be protected
pgainst overcurrent (see also 9.4.3.1.1):

- in control circuits connected to the_protective bonding circuit, by inserting an overcurrent
protective device into the switched sonductor;

- in control circuits not connected:to the protective bonding circuit;

e where all control circuits~of the equipment have the same current carrying capacity, by
inserting an overcurrent-protective device into the switched conductor, or;

o where different .control circuits of the equipment have different current carrying
capacity, by inserting an overcurrent protective device into both switched and common
conductors of.each control circuit.

- xception: Where the supply unit provides current limiting below the current carrying capacity
bf the conductors in a circuit and below the current rating of connected components, ng
separate overcurrent protective device is required.

7.2.5 Socket outlets and their associated conductors

Overeurrent protection shall be provided for the circuits feeding the general purpose socketf

utlets intended primarily for supplying power to maintenance equipment. Overcurren
protective devices shall be provided in the unearthed live conductors of each circuit feeding
such socket outlets. See also 15.1.

7.2.6 Lighting circuits

All unearthed conductors of circuits supplying lighting shall be protected against the effects of
short-circuits by the provision of overcurrent devices separate from those protecting other
circuits.
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7.2.7 Transformers

Transformers shall be protected by an overcurrent protective device having a type and setting
in accordance with the transformer manufacturer’s instructions. Such protection shall (see
also 7.2.10):

— avoid nuisance tripping due to transformer magnetizing inrush currents;

— avoid a winding temperature rise in excess of the permitted value for the insulation class
of transformer when it is subjected to the effects of a short-circuit at its secondary
termimats:

7.2.8 Location of overcurrent protective devices

An overcurrent protective device shall be located at the point where a reduction in.the ‘cross-
sectional area of the conductors or another change reduces the current-carrying\capacity of
the conductors, except where all the following conditions are satisfied:

- the current carrying capacity of the conductors is at least equal to that of-the load;

- the part of the conductor(s) between the point of reduction of current-¢carrying capacity and
the position of the overcurrent protective device is no longer than 8. m;

- the conductors are installed in such a manner as to reduce\the possibility of a short{
circuit, for example, protected by an enclosure or duct.

7.2.9 Overcurrent protective devices

The rated short-circuit breaking capacity shall be at least equal to the prospective faulf
current at the point of installation. Where the short-circuit current to an overcurrent protective
device can include additional currents other than~from the supply (for example from motors
from power factor correction capacitors), thoseurrents shall be taken into consideration.

NOTE Information on co-ordination under short-cireuit conditions between a circuit-breaker and another short{
Circuit protective device is provided in AnnexX/A of IEC 60947-2:2006, IEC 60947-2:2006/AMD1:2009 and
EC 60947-2:2006/AMD2:2013.

Where fuses are provided as overcurrent protective devices, a type readily available in the
country of use shall be selected,or arrangements shall be made for the supply of spare parts.

7.2.10 Rating and setting-of overcurrent protective devices

The rated current of fuses or the setting current of other overcurrent protective devices shal
be selected as low\as possible but adequate for the anticipated overcurrents (for examplég
during starting of ymotors or energizing of transformers). When selecting those protective
devices, consideration shall be given to the protection of switching devices against damage
due to overeurrents.

The rated current or setting of an overcurrent protective device for conductors is determined
by the“current carrying capacity of the conductors to be protected in accordance with 12.4
Clause D.3 and the maximum allowable interrupting time ¢ in accordance with Clause D.4
akmgnto—accountthe needsof co~ordimatiomwithother—etectricatdevicesmtheprotecte
circuit.

7.3 Protection of motors against overheating
7.3.1 General

Protection of motors against overheating shall be provided for each motor rated at more than
0,5 kW.

Exception: In applications where an automatic interruption of the motor operation is
unacceptable (for example fire pumps), the means of detection shall give a warning signal to
which the operator can respond.
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Protection of motors against overheating can be achieved by:

— overload protection (7.3.2),

NOTE 1 Overload protective devices detect the time and current relationships (/2¢) in a circuit that are in
excess of the rated full load of the circuit and initiate appropriate control responses.

— over-temperature protection (7.3.3), or

NOTE 2 Temperature detection devices sense over-temperature and initiate appropriate control responses.

current-limitina nrotection
I o

Automatic restarting of any motor after the operation of protection against overheating-~shal
be prevented where this can cause a hazardous situation or damage to the machine of |to’ the
work in progress.

7.3.2 Overload protection

Where overload protection is provided, detection of overload(s) shall be provided in each live
conductor except for the neutral conductor.

However, where the motor overload detection is not used for cable<overload protection (se€
plso Clause D.2), detection of overload may be omitted in one“ef the live conductors. For
motors having single-phase or DC power supplies, detection in only one unearthed live
conductor is permitted.

Where overload protection is achieved by switching off, the switching device shall switch off
all live conductors. The switching of the neutrals conductor is not necessary for overload
protection.

Where motors with special duty ratings .aré'required to start or to brake frequently (for
example, motors for rapid traverse, locking, rapid reversal, sensitive drilling) it can be difficulf
fo provide overload protection with a time’constant comparable with that of the winding to be
protected. Appropriate protective devices designed to accommodate special duty motors of
pver-temperature protection (see .7¢3.3) can be necessary.

For motors that cannot be overloaded (for example torque motors, motion drives that either
pre protected by mechanieal overload protection devices or are adequately dimensioned)
pverload protection is not\required.

7.3.3 Over-temperature protection

The provision of’motors with over-temperature protection in accordance with IEC 60034-11 ig
recommended® in situations where the cooling can be impaired (for example dusty
environments). Depending upon the type of motor, protection under stalled rotor or loss of
phase “conditions is not always ensured by over-temperature protection, and additiona
protection should then be provided.

VET-TEmperature protection Is also recommended Tor motors that cannot be overloaded (for
example torque motors, motion drives that are either protected by mechanical overload
protection devices or are adequately dimensioned), where the possibility of over-temperature
exists (for example due to reduced cooling).

7.4 Protection against abnormal temperature

Equipment shall be protected against abnormal temperatures that can result in a hazardous
situation.
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7.5 Protection against the effects of supply interruption or voltage reduction and
subsequent restoration

Where a supply interruption or a voltage reduction can cause a hazardous situation, damage
to the machine, or to the work in progress, undervoltage protection shall be provided by, for
example, switching off the machine at a predetermined voltage level.

Where the operation of the machine can allow for an interruption or a reduction of the voltage
for a short time period, delayed undervoltage protection may be provided. The operation of
freumdervottage device strattmotimpairthe operatiomofany stopping comntrotof themachine:

Upon restoration of the voltage or upon switching on the incoming supply, automati¢ or
unexpected restarting of the machine shall be prevented where such a restart can~calse 4
hazardous situation.

Where only a part of the machine or of the group of machines working together in a co-
prdinated manner is affected by the voltage reduction or supply interruptiofi;ythe undervoltage
protection shall initiate appropriate control commands to ensure co-ordination.

7.6 Motor overspeed protection

Overspeed protection shall be provided where overspeeding(eah occur and could possibly
cause a hazardous situation taking into account measures in accordance with 9.3.2
Overspeed protection shall initiate appropriate control respohses and shall prevent automatig
Festarting.

The overspeed protection should operate in such-a{manner that the mechanical speed limit of
the motor or its load is not exceeded.

NOTE This protection can consist, for example, of ai¢centrifugal switch or speed limit monitor.
7.7 Additional earth fault/residual current protection

n addition to providing overcurrenf¢protection for automatic disconnection as described in 6.3
carth fault/residual current protection can be provided to reduce damage to equipment due tg
parth fault currents less than the detection level of the overcurrent protection.

The setting of the devices shall be as low as possible consistent with correct operation of the
equipment.

f fault currents with DC components are possible, an RCD of type B in accordance with
EC TR 60756 _can be required.

7.8 Phase sequence protection

Where an incorrect phase sequence of the supply voltage can cause a hazardous situation of
damage to the machine, protection shall be provided.

NOTE Conditions of use that can lead to an incorrect phase sequence include:
- a machine transferred from one supply to another;
- a mobile machine with a facility for connection to an external power supply.

7.9 Protection against overvoltages due to lightning and to switching surges

Surge protective devices (SPDs) can be provided to protect against the effects of
overvoltages due to lightning or to switching surges.

Where provided:
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— SPDs for the suppression of overvoltages due to lightning shall be connected to the
incoming terminals of the supply disconnecting device.

— SPDs for the suppression of overvoltages due to switching surges shall be connected as
necessary for equipment requiring such protection.

NOTE 1 Information about the correct selection and installation of SPDs is given for example in IEC 60364-4-44,
IEC 60364-5-53, IEC 61643-12, IEC 62305-1 and IEC 62305-4.

NOTE 2 Equipotential bonding of the machine, its electrical equipment and extraneous-conductive-parts to a
common bonding network of the building/site can help mitigate electromagnetic interference, including the effects
pT TIghtning, on the equipment.

7.10 Short-circuit current rating

The short-circuit current rating of the electrical equipment shall be determined. This‘¢can be
done by the application of design rules or by calculation or by test.

NOTE The short-circuit current rating may be determined, for example, in accordance. with |IEC 61439-1
EC 60909-0, IEC/TR 60909-1, or IEC/TR 61912-1.

8 Equipotential bonding

8.1 General

This Clause 8 provides requirements for protective bonding,and functional bonding. Figure 4
llustrates those concepts.

Protective bonding is a basic provision for fault protection to enable protection of persong
pgainst electric shock (see 6.3.3 and 8.2).

The objective of functional bonding (see 8.4)%s to reduce:

- the consequence of an insulation failure which could affect the operation of the machine;

- electrical disturbances to sensitive electrical equipment which could affect the operation of
the machine;

- induced currents from lightning which could damage the electric equipment.

Functional bonding is achieved by connection to the protective bonding circuit, but where the
evel of electrical disturbances on the protective bonding circuit is not sufficiently low for
proper functioning of electrical equipment, it can be necessary to use separate conductors for
protective and fupctional bonding.
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Machine

Electrical equipment
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Protective bonding circuit:
(1) Interconnection of protective conductor(s)and the PE terminal
(2) Connection of exposed conductive parts
(3) Protective conductor connected tq an electrical equipment mounting plate used as a protective
conductor
(4) Connection of conductive structural parts of the electrical equipment
(5) Conductive structural parts)of the machine
Parts connected to the protective bonding circuit which are not to be used as protective conductor:
(6) Metal ducts of flexible or rigid construction
(7) Metallic cable sheaths or armouring
(8) Metallic pipes containing flammable materials
(9) Extraméqus-conductive-parts, if earthed independently from the power supply of the machine and
liable to’introduce a potential, generally the earth potential, (see 17.2 d)), e.g.:
metallic pipes,
fences,
ladders,
handrails.
46 Hexibteorptabtemetatconduits
(11) Protective bonding of support wires, cables tray and cable ladders
Connections to the protective bonding circuit for functional reasons:
(12) | Functional bonding
Legend to reference designations:
T1 Auxiliary transformer
U1 Mounting plate of electrical equipment

Figure 4 — Example of equipotential bonding
for electrical equipment of a machine
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8.2 Protective bonding circuit
8.2.1 General
The protective bonding circuit consists of the interconnection of:

e PE terminal(s) (see 5.2);

e the protective conductors (see 3.1.51) in the equipment of the machine including sliding
contacts where they are part of the circuit;

» the conductive structural parts and exposed conductive parts of the electrical equipment
- xception: see 8.2.5.
o conductive structural parts of the machine.

All parts of the protective bonding circuit shall be so designed that they.are capable of
withstanding the highest thermal and mechanical stresses that can be caused by earth-fault
currents that could flow in that part of the protective bonding circuit.

The cross-sectional area of every protective conductor which does nét form part of a cable of
which is not in a common enclosure with the line conductor shallsbe not less than
— 2,5mm2 Cu or 16 mmZ2 Al if protection against mechanical/damage is provided,

— 4 mmZ2 Cu or 16 mmZ2 Al if protection against mechanical damage is not provided.

NOTE The use of steel for a protective conductor is not excluded.

A protective conductor not forming part of a cable s considered to be mechanically protected
f it is installed in a conduit, trunking or protected in-a similar way. Conductive structural parts
pf equipment in accordance with 6.3.2.2 need/not be connected to the protective bonding
circuit. Conductive structural parts of the machine need not be connected to the protective
bonding circuit where all the equipment provided is in accordance with 6.3.2.2.

Fxposed conductive parts of equipment in accordance with 6.3.2.3 shall not be connected tg
the protective bonding circuit.

t is not necessary to connect exposed conductive parts to the protective bonding circuit
where those parts are mounted so that they do not constitute a hazard because:

- they cannot be touched on large surfaces or grasped with the hand and they are small in
size (less than.approximately 50 mm x 50 mm); or

- they are located so that either contact with live parts, or an insulation failure, is unlikely.

This applies:to small parts such as screws, rivets, and nameplates and to parts inside an

enclosure,dirrespective of their size (for example electromagnets of contactors or relays and
mechanical parts of devices).

8.2.2 Protective conductors

Protective conductors shall be identified in accordance with 13.2.2.

Copper conductors are preferred. Where a conductor material other than copper is used, its
electrical resistance per unit length shall not exceed that of the allowable copper conductor
and such conductors shall be not less than 16 mm2 in cross-sectional area for reasons of
mechanical durability.

Metal enclosures or frames or mounting plates of electrical equipment, connected to the
protective bonding circuit, may be used as protective conductors if they satisfy the following
three requirements:
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o their electrical continuity shall be assured by construction or by suitable connection so as
to ensure protection against mechanical, chemical or electrochemical deterioration;

e they comply with the requirements of 543.1 of IEC 60364-5-54:2011;
e they shall permit the connection of other protective conductors at every predetermined
tap-off point.

The cross-sectional area of protective conductors shall either be calculated in accordance
with 543.1.2 of IEC 60364-5-54:2011, or selected in accordance with Table 1 (see 5.2). See

26 d17 2 (A of thic d 1
also-8-2-6—andI/L2{d)-ofthis-documeni-

F-ach protective conductor shall:

» be part of a multicore cable, or;

» be in a common enclosure with the line conductor, or;

» have a cross-sectional area of at least;

e 2,5 mm2 Cu or 16 mm2 Al if protection against mechanical damage is provided;

» 4 mm?2 Cu or 16 mm?2 Al if protection against mechanical damage is_not provided.

NOTE 1 The use of steel for a protective conductor is not excluded.

A protective conductor not forming part of a cable is consideted to be mechanically protected
fitis installed in a conduit, trunking or protected in a simjlaryway.

The following parts of the machine and its electricaljequipment shall be connected to the
protective bonding circuit but shall not be used as protective conductors:

o conductive structural parts of the machine;

o metal ducts of flexible or rigid construction;

» metallic cable sheaths or armouringj

» metallic pipes containing flammable materials such as gases, liquids, powder.
o flexible or pliable metal conduits;

o constructional parts subjectto mechanical stress in normal service;

o flexible metal parts; support wires; cable trays and cable ladders.

NOTE 2 Information onycathodic protection is provided in 542.2.5 and 542.2.6 of IEC 60364-5-54:2011.
8.2.3 Continuity of the protective bonding circuit

Where a pariis removed for any reason (for example routine maintenance), the protective
bonding circuit for the remaining parts shall not be interrupted.

Conhection and bonding points shall be so designed that their current-carrying capacity is not
mpaired by mechanical, chemical, or electrochemical influences. Where enclosures and
onductors of afuminfum or afuminium alfoys are used, particutar consideration shoufd be
given to the possibility of electrolytic corrosion.

Where the electrical equipment is mounted on lids, doors, or cover plates, continuity of the
protective bonding circuit shall be ensured and a protective conductor (see 8.2.2) is
recommended. Where a protective conductor is not provided, fastenings, hinges or sliding
contacts designed to have a low resistance shall be used (see 18.2.2, Test 1).

The continuity of conductors in cables that are exposed to damage (for example flexible
trailing cables) shall be ensured by appropriate measures (for example monitoring).
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For requirements for the continuity of conductors using conductor wires, conductor bars and
slip-ring assemblies, see 12.7.2.

The protective bonding circuit shall not incorporate a switching device, an overcurrent
protective device (for example switch, fuse), or other means of interruption.

Exception: links that cannot be opened without the use of a tool and that are located in an
enclosed electrical operating area may be provided for test or measurement purposes.

Where the continuity of the protective bonding circuit can be interrupted by means (of
removable current collectors or plug/socket combinations, the protective bonding circuit-shal
be interrupted by a first make last break contact. This also applies to removable or
withdrawable plug-in units (see also 13.4.5).

8.2.4 Protective conductor connecting points

All protective conductors shall be terminated in accordance with 13.1¥®." The protective
conductor connecting points are not intended, for example, to attach appliances or parts.

Fach protective conductor connecting point shall be marked or-labelled as such using the
symbol IEC 60417-5019:2006-08 as illustrated in Figure 5:

r 1

L |
Figure 5 — Symbol IEC<60417-5019: Protective earth

pr with the letters PE, the graphical~symbol being preferred, or by use of the bicoloud
combination GREEN-AND-YELLOW; or by any combination of these.

B.2.5 Mobile machines

On mobile machines with;on-board power supplies, the protective conductors, the conductive
structural parts of the electrical equipment, and those extraneous-conductive-parts which form
the structure of the machine shall all be connected to a protective bonding terminal to provide
protection against electric shock. Where a mobile machine is also capable of being connected
fo an external incoming power supply, this protective bonding terminal shall be the connection
point for the &xternal protective conductor.

NOTE When the supply of electrical energy is self-contained within stationary, mobile, or movable items o
equipnient, and when there is no external supply connected (for example when an on-board battery charger is no
connecfed), there is no need to connect such equipment to an external protective conductor.

b5g Additi I . s tectricat . ravi —— I
higher than 10 mA

Where electrical equipment has an earth leakage current that is greater than 10 mA AC or DC
in any protective conductor, one or more of the following conditions for the integrity of each
section of the associated protective bonding circuit that carries the earth leakage current shall
be satisfied:

a) the protective conductor is completely enclosed within electrical equipment enclosures or
otherwise protected throughout its length against mechanical damage;
b) the protective conductor has a cross-sectional area of at least 10 mm2 Cu or 16 mmZ2 Al;

c) where the protective conductor has a cross-sectional area of less than 10 mm?2 Cu or
16 mm?2 Al, a second protective conductor of at least the same cross-sectional area is
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provided up to a point where the protective conductor has a cross-sectional area not less
than 10 mm2 Cu or 16 mm2 Al. This can require that the electrical equipment has a
separate terminal for a second protective conductor.

d) the supply is automatically disconnected in case of loss of continuity of the protective
conductor;

e) where a plug-socket combination is used, an industrial connector in accordance with
IEC 60309 series, with adequate strain relief and a minimum protective earthing conductor
cross-section of 2,5 mm?2 as part of a multi-conductor power cable is provided.

A statement shall be given in the instructions for installation that the equipment shall (¢
nstalled as described in this 8.2.6.

NOTE A warning label may also be provided adjacent to the PE terminal to state that the protective, conducto
Current exceeds 10mA.

8.3 Measures to restrict the effects of high leakage current

The effects of high leakage current can be restricted to the equipment thaving high leakage
current by connection of that equipment to a dedicated supply transfarmer having separate
windings. The protective bonding circuit shall be connected to exposed conductive parts of
the equipment and, in addition, to the secondary winding of the-transformer. The protective
conductor(s) between the equipment and the secondary winding of the transformer shal
comply with one or more of the arrangements described in 8.2.6.

8.4 Functional bonding

Protection against maloperation as a result of/ insulation failures can be achieved by
connecting to a common conductor in accordance with 9.4.3.1.1.

For recommendations regarding functional bonding to avoid maloperation due tg
electromagnetic disturbances, see 4.4.2 and Annex H.

FFunctional bonding connecting pointsishould be marked or labelled as such using the symbo
EC 60417-5020:2002-10 (see Figute 6).

Figure 6 — Symbol IEC 60417-5020: Frame or chassis

D Control circuits and control functions

A Control circuits
9.1.1 Control circuit supply

Where control circuits are supplied from an AC source, transformers having separate windings
shall be used to separate the power supply from the control supply.

Examples include:

e control transformers having separate windings in accordance with IEC 61558-2-2,

e switch mode power supply units in accordance with IEC 61558-2-16 fitted with
transformers having separate windings,
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¢ low voltage power supplies in accordance with IEC 61204-7 fitted with transformers having
separate windings.

Where several transformers are used, it is recommended that the windings of those
transformers be connected in such a manner that the secondary voltages are in phase.

Exception: Transformers or switch mode power supply units fitted with transformers are not
mandatory for machines with a single motor starter and/or a maximum of two control devices
(for example, interlock device, start/stop control station).

Where DC control circuits derived from an AC supply are connected to the protective bonding
circuit (see 8.2.1), they shall be supplied from a separate winding of the AC controlcircuit
fransformer or by another control circuit transformer.

D.1.2 Control circuit voltages

The nominal value of the control voltage shall be consistent with the correet -operation of the
control circuit.

The nominal voltage of AC control circuits should preferably not exceed

- 230 V for circuits with 50 Hz nominal frequency,
~ 277 V for circuits with 60 Hz nominal frequency.

The nominal voltage of DC control circuits should preferably not exceed 220 V.

B.1.3 Protection

Control circuits shall be provided with overcurrent protection in accordance with 7.2.4
and 7.2.10.

D.2 Control functions

D.2.1 General

NOTE Subclause 9.2 does not specify requirements for the devices used to implement control functions
Fxamples of requirements for deyices are given in Clause 10.

D.2.2 Categories of'stop functions
There are three categories of stop functions as follows:

- stop category 0: stopping by immediate removal of power to the machine actuators (i.e
an uncontrolled stop — see 3.1.64);

- stop_category 1: a controlled stop (see 3.1.14) with power available to the maching
actuators to achieve the stop and then removal of power when the
stop is achieved;

=—stop tategory 2—a controtted—stop—withr—powerTemaiming —avaitable—to—thre—Tmachin
actuators.

NOTE For removal of power it can be sufficient to remove the power needed to generate a torque or force. This
can be achieved by declutching, disconnecting, switching off, or by electronic means (e.g. a PDS in accordance
with IEC 61800 series), etc.

9.2.3 Operation
9.2.3.1 General

Safety functions and/or protective measures (for example interlocks (see 9.3)) shall be
provided where required to reduce the possibility of hazardous situations.


https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

-52 - IEC 60204-1:2016 © IEC 2016

Where a machine has more than one control station, measures shall be provided to ensure
that initiation of commands from different control stations do not lead to a hazardous situation.

9.2.3.2 Start

Start functions shall operate by energizing the relevant circuit.

The start of an operation shall be possible only when all relevant safety functions and/or
protective measures are in place and are operational, except for conditions as described in
D.3.6.

FFor those machines (for example mobile machines) where safety functions and/or protective
measures cannot be applied for certain operations, starting of such operations shali*be by
hold-to-run controls, together with enabling devices, as appropriate.

The provision of acoustic and/or visual warning signals before the starting of hazardous
machine operation should be considered.

Suitable interlocks shall be provided where necessary for correct sequential starting.

n the case of machines requiring the use of more than one coentrol station to initiate a start
pach of these control stations shall have a separate manualty-actuated start control device
The conditions to initiate a start shall be:

» all required conditions for machine operation shall be met, and
o all start control devices shall be in the released\(off) position, then

o all start control devices shall be actuated concurrently (see 3.1.7).
D.2.3.3 Stop

Stop category 0 and/or stop categoryr 1 and/or stop category 2 stop functions shall be
provided as indicated by the risk assessment and the functional requirements of the maching
see 4.1).

NOTE 1 The supply disconnecting dévice (see 5.3) when operated achieves a stop category 0.

Stop functions shall override related start functions.

Where more thap one control station is provided, stop commands from any control station
shall be effectiveswhen required by the risk assessment of the machine.

NOTE 2 When stop functions are initiated, it can be necessary to discontinue machine functions other than
Mmotion.

D.2.3.4 Emergency operations (emergency stop, emergency switching off)

0 2341  General

Emergency stop and emergency switching off are complementary protective measures that
are not primary means of risk reduction for hazards (for example trapping, entanglement,
electric shock or burn) at a machine (see ISO 12100).

This part of IEC 60204 specifies the requirements for the emergency stop and the emergency
switching off functions of the emergency operations listed in Annex E, both of which are
intended to be initiated by a single human action.

Once active operation of an emergency stop (see 10.7) or emergency switching off (see 10.8)
actuator has ceased following a stop or switching off command, the effect of this command
shall be sustained until it is reset. This reset shall be possible only by a manual action at the
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device where the command has been initiated. The reset of the command shall not restart the
machinery but only permit restarting.

It shall not be possible to restart the machinery until all emergency stop commands have been
reset. It shall not be possible to reenergize the machinery until all emergency switching off
commands have been reset.

9.2.3.4.2 Emergency stop

Requirements for functional aspects of emergency stop equipment are given in ISO 13850.

The emergency stop shall function either as a stop category 0 or as a stop category‘1,-The
choice of the stop category of the emergency stop depends on the results_of\'a risK
nssessment of the machine.

F-xception: In some cases, to avoid creating additional risks, it can be necessary to perform g
controlled stop and maintain the power to machine actuators even after stopping is achieved
The stopped condition shall be monitored and upon detection of failure of the stopped
condition, power shall be removed without creating a hazardous situation.

n addition to the requirements for stop given in 9.2.3.3, the emergency stop function has the
following requirements:

o it shall override all other functions and operations in dll modes;

» it shall stop the hazardous motion as quickly as practicable without creating other hazards;

o reset shall not initiate a restart.
D.2.3.4.3 Emergency switching off
The functional aspects of emergency switghing off are given in 536.4 of IEC 60364-5-53:2001.

FEmergency switching off should be provided where:

o basic protection (for example for conductor wires, conductor bars, slip-ring assemblies
controlgear in electrical operating areas) is achieved only by placing out of reach or by
obstacles (see 6.2.6);.ar

o there is the possibility of other hazards or damage caused by electricity.

Fmergency switehing off is accomplished by switching off the relevant supply by
electromechanijcal” switching devices, effecting a stop category 0 of machine actuatorg
connected towthis incoming supply. When a machine cannot tolerate this category 0 stop, if
may be necessary to provide other measures, for example basic protection, so thaf
emergency switching off is not necessary.

D.2,3.5 Operating modes

Each machine can have one or more operating modes (for example manual mode, automatic
mode, setting mode, maintenance mode) determined by the type of machine and its
application.

Where machinery has been designed and constructed to allow its use in several control or
operating modes requiring different protective measures and having a different impact on
safety, it shall be fitted with a mode selector which can be locked in each position (for
example key operated switch). Each position of the selector shall be clearly identifiable and
shall correspond to a single operating or control mode.

The selector may be replaced by another selection method which restricts the use of certain
functions of the machinery to certain categories of operator (for example access code).
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Mode selection by itself shall not initiate machine operation. A separate actuation of the start
control shall be required.

For each specific operating mode, the relevant safety functions and/or protective measures
shall be implemented.

Indication of the selected operating mode shall be provided (for example the position of a
mode selector, the provision of an indicating light, a visual display indication).

D.2.3.6 Monitoring of command actions

Movement or action of a machine or part of a machine that can result in a hazardous situation
shall be monitored by providing, for example, overtravel limiters, motor overspeed_detection
mechanical overload detection or anti-collision devices.

NOTE On some manually controlled machines (for example, manual drilling machine); ‘operators providg
monitoring.

D.2.3.7 Hold-to-run controls

Hold-to-run controls shall require continuous actuation of the control device(s) to achieve
pperation.

D.2.3.8 Two-hand control

Three types of two-hand control are defined in ISO 13851, the selection of which ig
determined by the risk assessment. These shall have the following features:

Type |: this type requires:

o the provision of two control devices andtheir concurrent actuation by both hands;
o continuous concurrent actuation during the hazardous situation;

o machine operation shall cease’,;upon the release of either one or both of the contro
devices when hazardous situations are still present.

A Type | two-hand contrel_device is not considered to be suitable for the initiation of
hazardous operation.

Type Il: a Type | ‘eontrol requiring the release of both control devices before maching
pperation can be(feinitiated.

Type Ill: a_Type Il control requiring concurrent actuation of the control devices as follows:

» it shall be necessary to actuate the control devices within a certain time limit of each
other, not exceeding 0,5 s;

o\ “Where this time limit is exceeded, both control devices shall be released before machine
operation can be initiated.

9.2.3.9 Enabling control
Enabling control (see also 10.9) is a manually activated control function interlock that:

a) when activated allows a machine operation to be initiated by a separate start control, and
b) when de-activated
e initiates a stop function, and

e prevents initiation of machine operation.
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Enabling control shall be so arranged as to minimize the possibility of defeating, for example
by requiring the de-activation of the enabling control device before machine operation may be
reinitiated.

9.2.3.10 Combined start and stop controls

Push-buttons and similar control devices that, when operated, alternately initiate and stop
motion shall only be provided for functions which cannot result in a hazardous situation.

D.2.4 Cableless control system (CCS)
D.2.4.1 General requirements

Subclause 9.2.4 deals with the functional requirements of control systems ~employing
cableless (for example radio, infra-red) techniques for transmitting control signals”’and datq
between operator control station(s) and other parts of the control system(s).

NOTE 1 Reference to a machine in 9.2.4 is intended to be read as “machine or part(s) ofsa machine”.

Transmission reliability requirements can be necessary for safety functions of a CCS that rely
pn data transmission (for example, safety-related active stop, motionccommands).

The CCS shall have functionality and a response time suitable’ for the application based on
the risk assessment.

NOTE 2 IEC 61784-3 describes communication failures of communication networks and requirements for safety
related data transmission.

NOTE 3 Further requirements for cableless control systems are under development by IEC TC 44 in draf
EC 627451,

0.2.4.2 Monitoring the ability of a cableless control system to control a machine

The ability of a cableless control system (CCS) to control a machine shall be automatically
monitored, either continuously or at>suitable intervals. The status of this ability shall be clearly
ndicated (for example, by an indigating light, a visual display indication, etc.)

f the communication signal\is degraded in a manner that might lead to the loss of the ability
pf a CCS to control a machine (e.g., reduced signal level, low battery power) a warning to the
pperator shall be provided before the ability of the CCS to control a machine is lost.

When the ability\of a CCS to control a machine has been lost for a time that is determined
from a risk assessment of the application, an automatic stop of the machine shall be initiated.

NOTE In~some cases, for example, in order to avoid this automatic stop generating an unexpected hazardousg
Conditionyit‘can be necessary for the machine to go to a predetermined state before stopping.

Restoration of the ability of a CCS to control a machine shall not restart the machine. Restart
shall rnqllirn a deliberate action, for ny:\mpln manual actuation of a start button

9.2.4.3 Control limitation

Measures shall be taken (e.g. coded transmission) to prevent the machine from responding to
signals other than those from the intended cableless operator control station(s).

Cableless operator control station(s) shall only control the intended machine(s) and shall
affect only the intended machine functions.

1 Under consideration.
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9.24.4 Use of multiple cableless operator control stations
When more than one cableless operator control station is used to control a machine, then:
e only one cableless operator control station shall be enabled at a time except as necessary

for the operation of the machine;

o transfer of control from one cableless operator control station to another shall require a
deliberate manual action at the control station that has control;

dllring machine nppra’rinn transfer of control shall nnly he pneqihlp when both cableles
operator control stations are set to the same mode of machine operation and/or function(s
of the machine;

o transfer of control shall not change the selected mode of machine operation: and/of
function(s) of the machine;

o each cableless operator control station that has control of the machine shall{be provided
with an indication that it has control (by for example, the provision of an indicating light, a
visual display indication).

NOTE Indications at other locations can be necessary as determined by the risk assessment.
D0.2.4.5 Portable cableless operator control stations

Portable cableless operator control stations shall be provided with means (for example key
pperated switch, access code) to prevent unauthorized use-

Fach machine under cableless control should have dan indication when it is under cableless
control.

When a portable cableless operator control station can be connected to one or more of
several machines, means shall be provided, on the portable cableless operator control station
fo select which machine(s) is to be connected. Selecting a machine to be connected shall not
nitiate control commands.

D0.2.4.6 Deliberate disabling of.cableless operator control stations

Where a cableless operator *cohtrol station is disabled when under control, the associated
machine shall meet the requirements for loss of ability of a CCS to control a machine in
D0.2.4.2.

Where it is necessary to disable a cableless operator control station without interrupting
machine operation) 'means shall be provided (for example on the cableless operator contro
station) to transfér control to another fixed or portable control station.

D0.2.4.7 Emergency stop devices on portable cableless operator control stations

Fmergency stop devices on portable cableless operator control stations shall not be the soleg
means of initiating the emergency stop function of a machine.

Confusion between active and inactive emergency stop devices shall be avoided by
appropriate design and information for use. See also ISO 13850.

9.24.8 Emergency stop reset

Restarting of cableless control after power loss, disabling and re-enabling, loss of
communication, or failure of parts of the CCS shall not result in a reset of an emergency stop
condition.
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The instructions for use shall state that the reset of an emergency stop condition initiated by a
portable cableless operator control station shall only be performed when it can be seen that
the reason for initiation has been cleared.

Depending on the risk assessment, in addition to the resetting of the emergency stop actuator
on the portable cableless operator control station, one or more supplementary fixed reset
devices should be provided.

9.3 Protective interlocks

D.3.1 Reclosing or resetting of an interlocking safeguard

The reclosing or resetting of an interlocking safeguard shall not initiate hazardous-maching
pperation.

NOTE Requirements for interlocking guards with a start function (control guards) are specified-in 6.3.3.2.5 o
SO 12100:2010.

D.3.2 Exceeding operating limits

Where an operating limit (for example speed, pressure, position) can be exceeded leading tg
b hazardous situation, means shall be provided to detect when.a predetermined limit(s) is
pexceeded and initiate an appropriate control action.

D.3.3 Operation of auxiliary functions

The correct operation of auxiliary functions shall be"checked by appropriate devices (for
example pressure sensors).

Where the non-operation of a motor or device for an auxiliary function (for example
ubrication, supply of coolant, swarf removal) can cause a hazardous situation, or cause
damage to the machine or to the work in.progress, appropriate interlocking shall be provided.

pD.3.4 Interlocks between different operations and for contrary motions

All contactors, relays, and otherhcontrol devices that control elements of the machine and that
can cause a hazardous situation when actuated at the same time (for example those which
nitiate contrary motion),-shall be interlocked against incorrect operation.

Reversing contactofs, (for example those controlling the direction of rotation of a motor) shal
be interlocked ingsuch a way that in normal service no short-circuit can occur when switching.

Where, for safety or for continuous operation, certain functions on the machine are required tg
be interrelated, proper co-ordination shall be ensured by suitable interlocks. For a group of
machines/working together in a co-ordinated manner and having more than one controller
provision shall be made to co-ordinate the operations of the controllers as necessary.

Vhere a fafture of @ mechanical brake actuator can resuttin the brake being appited when th
associated machine actuator is energized and a hazardous situation can result, interlocks
shall be provided to switch off the machine actuator.

9.3.5 Reverse current braking

Where braking of a motor is accomplished by current reversal, measures shall be provided to
prevent the motor starting in the opposite direction at the end of braking where that reversal
can cause a hazardous situation or damage to the machine or to the work in progress. For
this purpose, a device operating exclusively as a function of time is not permitted.
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Control circuits shall be so arranged that rotation of a motor shaft, for example by applying a
manual force or any other force causing the shaft to rotate after it has stopped, shall not
result in a hazardous situation.

9.3.6 Suspension of safety functions and/or protective measures

Where it is necessary to suspend safety functions and/or protective measures (for example for
setting or maintenance purposes), the control or operating mode selector shall
simultaneously:

o disable all other operating (control) modes;

» permit operation only by the use of a hold-to-run device or by a similar control(device
positioned so as to permit sight of the hazardous elements;

» permit operation of the hazardous elements only in reduced risk conditions (€.g. reduced
speed, reduced power / force, step-by-step operation, e.g. with a limited movement contro
device);

» prevent any operation of hazardous functions by voluntary or involantary action on the
machine's sensors.

f these four conditions cannot be fulfilled simultaneously, the~control or operating mode
Selector shall activate other protective measures designed and’ constructed to ensure a safe
ntervention zone. In addition, the operator shall be able to control operation of the parts he is
working on from the adjustment point.

D.4 Control functions in the event of failure
D.4.1 General requirements

Where failures or disturbances in the electrical equipment can cause a hazardous situation of
damage to the machine or to the work in*progress, appropriate measures shall be taken tg
minimize the probability of the occurrefce of such failures or disturbances. The required
measures and the extent to which they are implemented, either individually or in combination
depend on the level of risk associated*with the respective application (see 4.1).

F-xamples of such measures that can be appropriate include but are not limited to:

o protective interlocking:of the electrical circuit;
» use of proven circuittechniques and components (see 9.4.2.2);
o provision of paftial or complete redundancy (see 9.4.2.3) or diversity (see 9.4.2.4);

o provision for functional tests (see 9.4.2.5).

The electrical control system(s) shall have an appropriate performance that has been
determined from the risk assessment of the machine.

The ,requirements for safety-related control functions of IEC 62061 and/or ISO 13849-1

QM 490402 ball ]
U TOUSFI=Z-oTTalr appyry.

Where functions performed by the electrical control system(s) have safety implications but
application of IEC 62061 leads to a required safety integrity less than that required by SIL 1,
compliance with the requirements of this part of IEC 60204 can lead to an adequate
performance of the electrical control system(s).

Where memory retention is achieved for example, by battery power, measures shall be taken
to prevent hazardous situations arising from failure, undervoltage or removal of the battery.

Means shall be provided to prevent unauthorized or inadvertent memory alteration by, for
example, requiring the use of a key, access code or tool.
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9.4.2 Measures to minimize risk in the event of failure
9.4.2.1 General
Measures to minimize risk in the event of failure include but are not limited to:

e use of proven circuit techniques and components;
e provisions of partial or complete redundancy;

e provision of diversity:

o provision for functional tests.

D0.4.2.2 Use of proven circuit techniques and components

These measures include but are not limited to:

 bonding of control circuits to the protective bonding circuit for functional purposes
(see 9.4.3.1.1 and Figure 4);

o connection of control devices in accordance with 9.4.3.1.1;

o stopping by de-energizing;

o the switching of all control circuit conductors (for example)\both sides of a coil) of the
device being controlled;

» switching devices having direct opening action (see IEC_60947-5-1);
» monitoring by:

— use of mechanically linked contacts (see IEC,60947-5-1);

— use of mirror contacts (see IEC 60947-4-1);

o circuit design to reduce the possibility of failures causing undesirable operations.
0.4.2.3 Provisions of partial or complete redundancy

By providing partial or complete redundancy, it is possible to minimize the probability that one
5ingle failure in the electrical circuit can result in a hazardous situation. Redundancy can beg
effective in normal operation (en-line redundancy) or designed as special circuits that take
pver the protective function (off-line redundancy) only where the operating function fails.

Where off-line redundané¢y which is not active during normal operation is provided, suitable
measures shall be taken to ensure that those control circuits are available when required.

P.4.2.4 Provision of diversity

The use aficontrol circuits having different principles of operation, or using different types of
components or devices can reduce the probability of hazards resulting from faults and/on
failures=*Examples include:

-\ the use of a combination of normally open and normally closed contacts;

— the use of different types of control devices in the circuit(s);
— the combination of electromechanical and electronic equipment in redundant
configurations.

The combination of electrical and non-electrical systems (for example mechanical, hydraulic,
pneumatic) may perform the redundant function and provide the diversity.

9.4.2.5 Provision for functional tests

Functional tests may be carried out automatically by the control system, or manually by
inspection or tests at start-up and at predetermined intervals, or a combination as appropriate
(see also 17.2 and 18.6).
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9.4.3 Protection against malfunction of control circuits
9.4.3.1 Insulation faults
9.4.31.1 General

Measures shall be provided to reduce the probability that insulation faults on any control
circuit can cause malfunction such as unintentional starting, potentially hazardous motions, or
prevent stopping of the machine.

The measures to meet the requirements include but are not limited to the following methods:

- method a)
- method b)
- method c) Control circuits fed by transformer with an earthed centre-tap winding;
- method d)

Earthed control circuits fed by transformers;
Non-earthed control circuits fed by transformers;

Control circuits not fed by a transformer.
D.4.3.1.2 Method a) — Earthed control circuits fed by transformers

The common conductor shall be connected to the protective bonding circuit at the point of
supply. All contacts, solid state elements, etc., which aré\intended to operate an
electromagnetic or other device (for example, a relay, indicater light) are to be inserted
petween the switched conductor of the control circuit supply’and one terminal of the coil of
device. The other terminal of the coil or device is connected directly to the common conductor
pf the control circuit supply without any switching elements’(see Figure 7).

IEC

1 Switched conductors
2 Common conductors
3 Control switches

Figure 7 — Method a) Earthed control circuit fed by a transformer

NOTE Method a) can be used also for DC control circuits. In this case the transformer shown in Figure 7 is
substituted by a DC power supply unit.

Exception: Contacts of protective devices may be connected between the common conductor
and the coils, provided that the connection is very short (for example in the same enclosure)
so that an earth fault is unlikely (for example overload relays directly fitted to contactors).
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9.4.3.1.3 Method b) — Non-earthed control circuits fed by transformers

Control circuits fed from a control transformer that is not connected to the protective bonding
circuit shall either:

1) have 2-pole control switches that operate on both conductors, see Figure 8; or

2) be provided with a device, for example an insulation monitoring device, that interrupts the
circuit automatically in the event of an earth fault, see Figure 9; or

3) where an interruption as per item 2 above would increase the risk, for example when
continued operation is required during the first fault to earth, it can be sufficient to provide
an insulation monitoring device (e.g. in accordance with IEC 61557-8) that will initiatenan
acoustic and optical signal at the machine, see Figure 10. Requirements for the protedure
to be performed by the machine user in response to this alarm shall be described-in the
information for use.

IEC

q Switched conductors
2 Common conductors
3 Control switches

Figure 8 — Method b1) Non-earthed control circuit fed by transformer

NOTE 1 Megthod b1) can be used also for DC control circuits. In this case the transformer shown in Figure 8 i
Bubstituted by a DC power supply.
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IEG
1 Switched conductors
2 Common conductors
3 Control switches

Figure 9 — Method b2) Non-earthed control citcuit fed by transformer

NOTE 2 Method b2) can be used also for DC control circuits. Inthis case the transformer shown in Figure 9 ig
Eubstituted by a DC power supply.

NOTE 3 Figure 9 does not show the overcurrent protectiyevdevices in the measurement circuits for protection o
he insulation monitoring device.

RL 2 2
@ @
IEC
1 Switched conductors
2 Common conductors
3 Control switches

Figure 10 — Method b3) Non-earthed control circuit fed by transformer

NOTE 4 Method b3) can be used also for DC control circuits. In this case the transformer shown in Figure 10 is
substituted by a DC power supply. When a transformer and rectifier combination is used, the insulation monitoring
device is connected to the protective bonding circuit in the DC part of the control circuit, so after the rectifier.
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NOTE 5 Figure 10 does not show the overcurrent protective devices in the measurement circuits for protection of
the insulation monitoring device.

9.4.3.1.4 Method c) — Control circuits fed by transformer with an earthed centre-tap
winding

Control circuits fed from a control transformer with its centre-tap winding connected to the
protective bonding circuit shall have overcurrent protective devices that break both the
conductors.

The control switches shall be 2-pole types that operate on both conductors.
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IEC

1 Switched conductors
2 Common conductors
3 Control switches

Figure*t1 — Method c) Control circuits fed by transformer
with an earthed centre-tap winding

D.4.3.1.5 Method d) — Control circuits not fed by a transformer

Control citcuits that are not fed by a control transformer or switch mode power supply unitg
fitted with/transformers having separate windings in accordance with IEC 61558-2-16 are only
pllowed for machines with a maximum of one motor starter and/or maximum of two contro
devices, in accordance with 9.1.1.

Depending on the earthing of the supply system the possible cases are:

1) directly connected to an earthed supply system (TN- or TT-system) and:
a) being powered between a line conductor and the neutral conductor, see Figure 12; or
b) being powered between two line conductors, see Figure 13; or

2) directly connected to a supply system that is not earthed or is earthed through a high
impedance (IT-system) and:

a) being powered between a line conductor and the neutral conductor, see Figure 14; or

b) being powered between two line conductors, see Figure 15.
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Method d1b) requires multi-pole control switches that switch all live conductors in order to
avoid an unintentional start in case of an earth fault in the control circuit.

Method d2) requires that a device shall be provided that interrupts the circuit automatically in
the event of an earth fault.
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N |
\ control switchi

IEC

Figure 12 — Method d1a) Control circuit without transformer connected between a phase
and the neutral of an earthed'supply system

NOTE 1 Figure 12 shows the case where the supply systém is a TN system. The control circuit is the same in thg
Case of a TT system.

NOTE 2 Figure 12 does not show any protective/devices for the power circuit and control circuit, provisions fo
which are stated in 6.3 and 7.2.
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Figure 13 — Method d1b) Control circuit without transformer connected between two
phases of an earthed supply system

NOTE 3 Figure 13 shows the case where the supply system is a TN system. The control circuit is the same in
case of a TT system.

NOTE 4 Figure 13 does not show any necessary protective devices for power circuit and control circuit, provisions
for which are stated in 6.3 and 7.2.
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Figure 14 — Method d2a) Control circuit without transformer connected between phase
and neutral of a non-earthed supply system

NOTE 5 Figure 14 does not show any necessary protective devices for(thespower circuit and control circuit
pbrovisions for which are stated in 6.3 and 7.2.

-
L1 |
I /:
L2 | .
/- ¢

. M
L3 | |
“
L ——— |
|
|
|
|

cont'rol switch

|
IEC

Figure 15 —(Method d2b) control circuit without transformer connected between two
phases of a non-earthed supply system

P d

NOTE 6+ Eigure 15 does not show any necessary protective devices for power circuit and control circuit, provisiong
for whichare stated in 6.3 and 7.2.

0:4.3.2 Voltage interruptions

See also 7.5.

Where the control system uses a memory device(s), proper functioning in the event of power
failure shall be ensured (for example by using a non-volatile memory) to prevent any loss of
memory that can result in a hazardous situation.

9.4.3.3 Loss of circuit continuity

Where the loss of continuity of control circuits depending upon sliding contacts can result in a
hazardous situation, appropriate measures shall be taken (for example by duplication of the
sliding contacts).
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10 Operator interface and machine-mounted control devices

10.1  General
10.1.1 General requirements

Control devices for operator interface shall, as far as is practicable, be selected, mounted,
and identified or coded in accordance with IEC 61310 series.

The possibility of inadvertent operation shall be minimized by, for example, positioning o
devices, suitable design, provision of additional protective measures. Particular consideration
shall be given to the selection, arrangement, programming and use of operator input deviceg
such as touchscreens, keypads and keyboards for the control of hazardous -maching
pperations, and of sensors (for example position sensors) that can initiate machine operation
FFurther information can be found in IEC 60447.

F-rgonomic principles shall be taken into account in the location of operator(interface devices.

10.1.2 Location and mounting
As far as is practicable, machine-mounted control devices shall be:

o readily accessible for service and maintenance;

» mounted in such a manner as to minimize the possibility’of damage from activities such ag
material handling.

The actuators of hand-operated control devices shall be selected and installed so that:

o they are not less than 0,6 m above the servicing level and are within easy reach of the
normal working position of the operator;

o the operator is not placed in a hazatdous situation when operating them.
The actuators of foot-operated conirel*devices shall be selected and installed so that:

o they are within easy reach of the normal working position of the operator;

» the operator is not placéd-in a hazardous situation when operating them.
10.1.3 Protection

The degree of pratection (IP rating in accordance with IEC 60529) together with other
pppropriate measures shall provide protection against:

o the effects of liquids, vapours, or gases found in the physical environment or used on the
machine;

o the.ngress of contaminants (for example swarf, dust, particulate matter).

n\addition, the operator_interface control devices shall have a minimum degree of protection
against contact with live parts of IPXXD in accordance with IEC 60529.

10.1.4 Position sensors

Position sensors (for example position switches, proximity switches) shall be so arranged that
they will not be damaged in the event of overtravel.

Position sensors in circuits with safety-related control functions (for example, to maintain the
safe condition of the machine or prevent hazardous situations arising at the machine) shall
have direct opening action (see IEC 60947-5-1) or shall provide similar reliability (see 9.4.2).
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10.1.5 Portable and pendant control stations

Portable and pendant operator control stations and their control devices shall be so selected
and arranged as to minimize the possibility of machine operations caused by inadvertent
actuation, shocks and vibrations (for example if the operator control station is dropped or
strikes an obstruction) (see also 4.4.8).

10.2 Actuators
+0-2-4+—Cototurs

Actuators (see 3.1.1) shall be colour-coded as follows.

The colours for START/ON actuators should be WHITE, GREY, BLACK or GREEN'‘with a
preference for WHITE. RED shall not be used.

The colour RED shall be used for emergency stop and emergency switching off actuatorg
including supply disconnecting devices where it is foreseen that they are for use in an
emergency). If a background exists immediately around the actuator,hen this background
shall be coloured YELLOW. The combination of a RED actuator wjth'a YELLOW background
5hall only be used for emergency operation devices.

The colours for STOP/OFF actuators should be BLACK, GREY, or WHITE with a preference
for BLACK. GREEN shall not be used. RED is permitted, ‘but it is recommended that RED ig
hot used near an emergency operation device.

WHITE, GREY, or BLACK are the preferred coleurs for actuators that alternately act ag
START/ON and STOP/OFF actuators. The calours RED, YELLOW, or GREEN shall not be
used.

WHITE, GREY, or BLACK are the prefefred colours for actuators that cause operation whil¢g
they are actuated and cease the operation when they are released (for example hold-to-run)
The colours RED, YELLOW, or GREEN shall not be used.

Reset actuators shall be BLUE, WHITE, GREY, or BLACK. Where they also act as 4
STOP/OFF actuator, the eolours WHITE, GREY, or BLACK are preferred with the main
preference being for BLACGK. GREEN shall not be used.

The colour YELLOWAs reserved for use in abnormal conditions, for example, in the event of
an abnormal condition of the process, or to interrupt an automatic cycle.

Where the same colour WHITE, GREY, or BLACK is used for various functions (for exampl¢
WHITE ferl START/ON and for STOP/OFF actuators) a supplementary means of coding (for
pxample-shape, position, symbol) shall be used for the identification of actuators.

1022 Markings

In addition to the functional identification as described in 16.3, recommended symbols to be
placed near to or preferably directly on certain actuators are given in Table 2 or 3.
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Table 2 — Symbols for actuators (Power)

Power
ON OFF ON/OFF ON
(push on-push off) (hold-to-run)
IEC 60417-5007 IEC 60417-5008 IEC 60417-5010 IEC 60417-5011
(2002-10) (2002-10) (2002-10) (2002-10)

C | C C | C |
L _ L L - L L1
Table 3 — Symbols for actuators (Machine operation)

Machine operation
START STOP HOLD-TO-RUN EMERGENCY STOP

IEC 60417-5104 IEC 60417-5110A IEC 60417-5011 IEC 60417-5638
(2006-08) (2004-06) (2002-10) (2002-10)

r I 1 r 1 r 1
L 4| L a L _ L -

10.3 Indicator lights and displays

10.3.1 General

ndicator lights and displays serve to give the following types of information:

- indication: to,attract the operator's attention or to indicate that a certain task should be
performed. The colours RED, YELLOW, BLUE, and GREEN are normally used in this
mode; forflashing indicator lights and displays, see 10.3.3.

- confirmation: to confirm a command, or a condition, or to confirm the termination of g
change or transition period. The colours BLUE and WHITE are normally used in this mode
and GREEN may be used in some cases.

ndicator lights and displays shall be selected and installed in such a manner _as to be visible
from the normal position of the operator (see also IEC 61310-1).

Circuits used for visual or audible devices used to warn persons of an impending hazardous
event shall be fitted with facilities to check the operability of these devices.

10.3.2 Colours

Indicator lights should be colour-coded with respect to the condition (status) of the machine in
accordance with Table 4.
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Table 4 — Colours for indicator lights and their meanings
with respect to the condition of the machine

Colour Meaning Explanation Action by operator

RED Emergency Hazardous condition Immediate action to deal with hazardous
condition (for example switching off the
machine supply, being alert to the hazardous
condition and staying clear of the machine)

YELLOW Abnormal Abnormal condition Monitoring and/or intervention (for example by
:Illpclld;lly T |t|ua: \JUIIUI;t;UII LA~ Ubtab:;oh;ll\d t:lc ;IItUIIU‘Ud IKUII\Jt;UII)

BLUE Mandatory Indication of a condition that Mandatory action
requires action by the operator

GREEN Normal Normal condition Optional

WHITE Neutral Other conditions; may be used | Monitoring

whenever doubt exists about
the application of RED,
YELLOW, GREEN, BLUE

ndicating towers on machines should have the applicable colours inrthé following order from
the top down; RED, YELLOW, BLUE, GREEN and WHITE.

10.3.3 Flashing lights and displays

FFor further distinction or information and especially to give additional emphasis, flashing lightg
and displays can be provided for the following purposes:

— to attract attention;

- to request immediate action;

- to indicate a discrepancy between the command and actual state;

- to indicate a change in process (flashing during transition).

t is recommended that higher flashing frequencies are used for higher priority information
see |IEC 60073 for recommended:flashing rates and pulse/pause ratios).

Where flashing lights or displays are used to provide higher priority information, additiona
pcoustic warnings should:be considered.

10.4 llluminated push-buttons

lluminated push-button actuators shall be colour-coded in accordance with 10.2.1. Where
there is difficulty in assigning an appropriate colour, WHITE shall be used.

The colour of active emergency stop actuators shall remain RED regardless of the state of the
[lumination.

10-5—Rotarycontrol-devices

Devices having a rotational member, such as potentiometers and selector switches, shall
have means of prevention of rotation of the stationary member. Friction alone shall not be
considered sufficient.

10.6 Start devices

Actuators used to initiate a start function or the movement of machine elements (for example
slides, spindles, carriers) shall be constructed and mounted so as to minimize inadvertent
operation.
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10.7 Emergency stop devices
10.7.1 Location of emergency stop devices

Devices for emergency stop shall be readily accessible.

Emergency stop devices shall be provided at each location where the initiation of an
emergency stop can be required.

here can be circumsiances where confusion can occur beiween aclive and Inaciive
emergency stop devices caused by, for example, unplugging or otherwise disabling:an
pperator control station. In such cases, means (for example, design and information fer.use
shall be provided to minimise confusion.

10.7.2 Types of emergency stop device
The types of device for emergency stop include, but are not limited to:

o a push-button device for actuation by the palm or the fist (e.g. mushrégom head type);
o a pull-cord operated switch;

o a pedal-operated switch without a mechanical guard.

The devices shall be in accordance with IEC 60947-5-5.

10.7.3 Operation of the supply disconnecting device to effect emergency stop

Where a stop category 0 is suitable, the supplydisconnecting device may serve the function
pf emergency stop where:

o itis readily accessible to the operator; and
o it is of the type described in 5.3.2 a){'b), c), or d).

Where intended for emergency use;' the supply disconnecting device shall meet the colour
Fequirements of 10.2.1.

10.8 Emergency switching off devices
10.8.1 Location of emergency switching off devices

Fmergency switehing off devices shall be located as necessary for the given application
Normally, thos€ devices will be located separate from operator control stations. Where
confusion cah, occur between emergency stop and emergency switching off devices, meang
shall be provided to minimise confusion.

NOTE- \This can be achieved by, for example, the provision of a break-glass enclosure for the emergency
switching off device.

1T0.8.2 Types of emergency switching off device
The types of device for initiation of emergency switching off include:

e a push-button operated switch with a palm or mushroom head type of actuator;

e a pull-cord operated switch.

The devices shall have direct opening action (see Annex K of IEC 60947-5-1:2003 and
IEC 60947-5-1:2003/AMD1:2009).
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10.8.3 Local operation of the supply disconnecting device to effect emergency
switching off

Where the supply disconnecting device is to be locally operated for emergency switching off,
it shall be readily accessible and shall meet the colour requirements of 10.2.1.

10.9 Enabling control device

The enabling control function is described in 9.2.3.9.

Fnabling control devices shall be selected and arranged so as to minimize the possibility ‘of
defeating.

Fnabling control devices shall be selected that have the following features:

- designed in accordance with ergonomic principles;
- for a two-position type:
e position 1: off-function of the switch (actuator is not operated);
e position 2: enabling function (actuator is operated).
- for a three-position type:
e position 1: off-function of the switch (actuator is not opérated);
e position 2: enabling function (actuator is operated{in;its mid position);
e position 3: off-function (actuator is operated past.its mid position);

e when returning from position 3 to position,2,¢he enabling function is not activated.

NOTE |IEC 60947-5-8 specifies requirements for threesposition enabling switches.
11 Controlgear: location, mounting;/and enclosures

11.1  General requirements
All controlgear shall be located and mounted so as to facilitate:

- its accessibility and maintenance;

- its protection against'the external influences or conditions under which it is intended tg
operate;

- operation and_maintenance of the machine and its associated equipment.
11.2 Location and mounting
11.2.1 . \Accessibility and maintenance

Allitems of controlgear shall be placed and oriented so that they can be identified withouf
moeving them or the wiring. For items that require checking for correct operation or that ar¢g
liable to need replacement, those actions should be possible without dismantling other
equipment or parts of the machine (except opening doors or removing covers, barriers or
obstacles). Terminals not part of controlgear components or devices shall also conform to
these requirements.

All controlgear shall be mounted so as to facilitate its operation and maintenance. Where a
special tool is necessary to adjust, maintain, or remove a device, such a tool shall be
supplied. Where access is required for regular maintenance or adjustment, the relevant
devices shall be located between 0,4 m and 2,0 m above the servicing level. It is
recommended that terminals be at least 0,2 m above the servicing level and be so placed that
conductors and cables can be easily connected to them.
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No devices except devices for operating, indicating, measuring, and cooling shall be mounted
on doors or on access covers of enclosures that are expected to be removed.

Where control devices are connected through plug-in arrangements, their association shall be
made clear by type (shape), marking or reference designation, singly or in combination
(see 13.4.5).

Plug-in devices that are handled during normal operation shall be provided with non-
nterchangeable features where the lack of such a facility can result in malfunctioning.

Plug/socket combinations that are handled during normal operation shall be located~and
mounted so as to provide unobstructed access.

Test points for connection of test equipment, where provided, shall be:

- mounted so as to provide unobstructed access;

- clearly identified to correspond with the documentation;
- adequately insulated;

- sufficiently spaced.

11.2.2 Physical separation or grouping

Non-electrical parts and devices, not directly associated, with the electrical equipment, shal
hot be located within enclosures containing controlgear! Devices such as solenoid valveg
should be separated from the other electrical  equipment (for example in a separat¢
compartment).

Control devices mounted in the same locationnand connected to the power circuits, or to both
power and control circuits, should be grouped separately from those connected only to the
control circuits.

Terminals shall be separated into.groups for:

- power circuits;
— control circuits of the machine;
- other control circuits, fed from external sources (for example for interlocking).

The groups may be\mounted adjacently, provided that each group can be readily identified
for example by.markings, by use of different sizes, by use of barriers or by colours).

When arranging the location of devices (including interconnections), the clearances and
creepagéedistances specified for them by the supplier shall be maintained, taking into account
the external influences or conditions of the physical environment.

11.2.3 Heating effects

The temperature rise inside electrical equipment enclosures shall not exceed the ambient
temperature specified by the component manufacturers.

NOTE 1 IEC TR 60890 can be used for the calculation of temperature rise inside enclosures.

Heat generating components (for example heat sinks, power resistors) shall be so located that
the temperature of each component in the vicinity remains within the permitted limit.

NOTE 2 Information on the selection of insulating materials to resist thermal stresses is given in IEC 60216 and
IEC 60085.
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11.3 Degrees of protection

The protection of controlgear against ingress of solid foreign objects and of liquids shall be
adequate taking into account the external influences under which the machine is intended to
operate (i.e. the location and the physical environmental conditions) and shall be sufficient
against dust, coolants, lubricants and swarf.

NOTE 1 The degrees of protection against ingress of water are covered by IEC 60529. Additional protective
measures can be necessary against other liquids.

Fnclosures of controlgear shall provide a degree of protection of at least IP22 (seg
EC 60529).

F-xception: an enclosure providing a minimum degree of protection IP22 is not required‘where:
n) an electrical operating area provides an appropriate degree of protection against ingresg
of solids and liquids, or:

pb) removable collectors on conductor wire or conductor bar systems afe used and the
measures of 12.7.1 are applied.

NOTE 2 Some examples of applications, along with the degree of protection typically provided by thei
enclosures, are listed below:

— ventilated enclosure, containing only motor starter resistor and other large size equipment IP10

— ventilated enclosure, containing other equipment IP32

— enclosure used in general industry IP32, IP43
and IP54

— enclosure used in locations that are cleaned with low=-pre'ssure water jets (hosing) IP55

— enclosure providing protection against fine dust IP65

— enclosure containing slip-ring assemblies IP2X

Depending upon the conditions where installédy another degree of protection can be appropriate.
11.4 Enclosures, doors and openings

Fnclosures shall be consfructed using materials capable of withstanding the mechanical
electrical and thermal stresses as well as the effects of humidity and other environmenta
factors that are likely to~be encountered in normal service.

FFasteners used to secure doors and covers should be of the captive type.

Windows efienclosures shall be of a material suitable to withstand expected mechanica
stress and‘chemical attack.

t is‘recommended that enclosure doors having vertical hinges be not wider than 0,9 m, with
an.angle of opening of at least 95°.

The joints or gaskets of doors, lids, covers and enclosures shall withstand the chemical
effects of the aggressive liquids, vapours, or gases used on the machine. The means
provided to maintain the degree of protection of an enclosure on doors, lids and covers that
require opening or removal for operation or maintenance shall:

o be securely attached to either the door/cover or the enclosure;

¢ not deteriorate due to removal or replacement of the door or the cover, and so impair the
degree of protection.

Where openings in enclosures are provided (for example, for cable access), including those
towards the floor or foundation or to other parts of the machine, means shall be provided to
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ensure the degree of protection specified for the equipment. Openings for cable entries shall
be easy to re-open on site. A suitable opening may be provided in the base of enclosures
within the machine so that moisture due to condensation can drain away.

There shall be no opening between enclosures containing electrical equipment and
compartments containing coolant, lubricating or hydraulic fluids, or those into which oil, other
liquids, or dust can penetrate. This requirement does not apply to electrical devices
specifically designed to operate in oil (for example electromagnetic clutches) nor to electrical
equipment in which coolants are used.

Where there are holes in an enclosure for mounting purposes, means may be necessary\tg
ensure that after mounting, the holes do not impair the required protection.

Fquipment that, in normal or abnormal operation, can attain a surface temperature. sufficient
fo cause a risk of fire or harmful effect to an enclosure material shall:

— be located within an enclosure that will withstand, without risk of fircor harmful effect
such temperatures as can be generated; and

- be mounted and located at a sufficient distance from adjacent equipment so as to allow
safe dissipation of heat (see also 11.2.3); or

- be otherwise screened by material that can withstand, witheutrisk of fire or harmful effect
the heat emitted by the equipment.

NOTE A warning label in accordance with 16.2.2 can be necessary,
11.5 Access to electrical equipment
Poors in gangways and for access to electrical operating areas shall:

- be at least 0,7 m wide and 2,0 m high;
- open outwards;

- have a means (for example panic_bolts) to allow opening from the inside without the use of
a key or tool.

NOTE Further information is given intfEC 60364-7-729.
12 Conductors and cables

12.1  General requirements

Conductors and cables shall be selected so as to be suitable for the operating conditions (for
example voltage, current, protection against electric shock, grouping of cables) and externa
nfluences Afor example ambient temperature, presence of water or corrosive substances
mechanical stresses (including stresses during installation), fire hazards) that can exist.

The'se requirements do not apply to the integral wiring of a
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example IEC 61800 series).

12.2 Conductors

Conductors should be of copper. Where aluminium conductors are used, the cross-sectional
area shall be at least 16 mm?Z.

To ensure adequate mechanical strength, the cross-sectional area of conductors should not
be less than as shown in Table 5. However, conductors with smaller cross-sectional areas or
other constructions than shown in Table 5 may be used in equipment provided adequate
mechanical strength is achieved by other means and proper functioning is not impaired.
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NOTE Classification of conductors is given in Table D.4.

Table 5 — Minimum cross-sectional areas of copper conductors

Type of conductor, cable
Single core Multicore
i . i Flexible Solid Two core, Two core Three or
Location Application Class 50r 6| (class 1) or shielded | not shielded | more cores,
stranded shielded or
(nlnee 7) not
Power circuits, 1,0 1,5 0,75 0,75 0,75
fixed
Wiring Power circuits,
outside ) subjected to frequent 1,0 - 0,75 0,75 075
(protecting) movements
enclosures
Control circuits 1,0 1,0 0,2 0,5 0,2
Data communication - — - - 0,08
Power circuits
(connections not 0,75 0,75 0,75 0,75 0,75
Wiring inside | moved)
a)
enclosures 2 [ ¢ htrol circuits 0,2 0,2 0.2 0,2 0,2
Data communication - — - — 0,08

NOTE All cross-sections in mm?2.

a) Except special requirements of individual standards, see also 42.1.

Class 1 and class 2 conductors are primarily intended for use between rigid, non-moving partg
where vibration is not considered to be likely.to cause damage.

All conductors that are subject to frequentymovement (for example one movement per hour of
machine operation) should have flexible:stranding of class 5 or class 6.

12.3 Insulation

Where the insulation of conductors and cables can constitute hazards due for example to the
propagation of a fire or.the emission of toxic or corrosive fumes, guidance from the cabl¢g
supplier should be sought. It is important to give special attention to the integrity of a circuif
having a safety-related. function.

The insulation of,cables and conductors used, shall be suitable for a test voltage:
- not lessthan 2 000 V AC for a duration of 5 min for operation at voltages higher than
50 VVAC or 120 V DC, or

- notiless than 500 V AC for a duration of 5 min for PELV circuits (see IEC 60364-4-41
class Il equipment).

The mechanical strength and thickness of the insulation shall be such that the insulation
cannot be damaged in operation or during laying, especially for cables pulled into ducts.

12.4 Current-carrying capacity in normal service

The current-carrying capacity depends on several factors, for example insulation material,
number of conductors in a cable, design (sheath), methods of installation, grouping and
ambient temperature.

NOTE 1 Detailed information and further guidance can be found in IEC 60364-5-52, in some national standards or
given by the manufacturer.
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One typical example of the current-carrying capacities for PVC insulated wiring between
enclosures and individual items of equipment under steady-state conditions is given in

Table 6.

NOTE 2 For specific applications where the correct cable dimensioning can depend on the relationship between
the period of the duty cycle and the thermal time constant of the cable (for example starting against high-inertia
load, intermittent duty), the cable manufacturer can provide information.

Table 6 — Examples of current-carrying capacity (Iz) of PVC insulated copper
conductors or cables under steady-state conditions in an ambient air temperature

of +40 °C for different methods of installation
Installation method (see D.2.2)
B1 B2 Cc E
Cross-sectional Current-carrying capacity 7, for three phase circuits
area
mm? A
0,75 8,6 8,5 9,8 10,4
1,0 10,3 10,1 11,7 12,4
1,5 13,5 13,1 15,2 16,1
2,5 18,3 17,4 21 22
4 24 23 28 30
6 31 30 36 37
10 44 40 50 52
16 59 54 66 70
25 77 70 84 88
35 96 86 104 110
50 117 103 125 133
70 149 130 160 171
95 180 156 194 207
120 208 179 225 240
Control circuit pairs
0,20 4,5 4,3 4,4 4,4
0,5 7,9 7,5 7,5 7,8
0,75 9,5 9,0 9,5 10
NOTE 1 The values of the current-carrying capacity of Table 6 are based on:
—  one symmetrical three-phase circuit for cross-sectional areas 0,75 mm? and greater;
— one/control circuit pair for cross-sectional areas between 0,2 mm?2 and 0,75 mm?2.
Wherey more loaded cables/pairs are installed, derating factors for the values of Table 6 can be found in
Tables D.2 or D.3.
NOTE 2 For ambient temperatures other than 40 °C, correction factors for current-carrying capacities are
provided in Table D.1.
NOTE 3 These values are not applicable to flexible cables wound on drums (see 12.6.3).
NOTE 4 Current-carrying capacities of other cables are provided in IEC 60364-5-52.

12.5 Conductor and cable voltage drop

The voltage drop from the point of supply to the load in any power circuit cable shall not
exceed 5 % of the nominal voltage under normal operating conditions. In order to conform to
this requirement, it can be necessary to use conductors having a larger cross-sectional area

than that derived from Table 6.
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In control circuits, the voltage drop shall not reduce the voltage at any device below the
manufacturer’s specification for that device, taking into account inrush currents.

See also 4.3.

The voltage drop in components, for example overcurrent protective devices and switching
devices, should be considered.

42.6— Flexiblecables

12.6.1 General

FFlexible cables shall have Class 5 or Class 6 conductors.

NOTE 1 Class 6 conductors have smaller diameter strands and are more flexible than Class 5“¢onductors (se§g
Table D.4).

Cables that are subjected to severe duties shall be of adequate copstruction to protect
pgainst:

- abrasion due to mechanical handling and dragging across rough’surfaces;
- kinking due to operation without guides;

- stress resulting from guide rollers and forced guiding, being wound and re-wound on cable
drums.

NOTE 2 Cables for such conditions are specified in some national'standards.

NOTE 3 The operational life of the cable will be reduced¢Where unfavourable operating conditions such as high
ensile stress, small radii, bending into another plane and{or Where frequent duty cycles coincide.

12.6.2 Mechanical rating

The cable handling system of the machine shall be so designed to keep the tensile stress of
the conductors as low as is practicable during machine operations. Where copper conductorg
are used, the tensile stress applied to the conductors shall not exceed 15 N/mm?2 of the
copper cross-sectional area. Where the demands of the application exceed the tensile stress
imit of 15 N/mm?2, cables with'special construction features should be used and the allowed
maximal tensile stress should-be agreed with the cable manufacturer.

The maximum stress: applied to the conductors of flexible cables with material other than
copper shall be within the cable manufacturer’s specification.

NOTE The following conditions affect the tensile stress on the conductors:
- acceleration forces;
- speed of motion;

- d€ad (hanging) weight of the cables;

- \{method of guiding;

— design of cable drum system.
12.6.3 Current-carrying capacity of cables wound on drums

Cables to be wound on drums shall be selected with conductors having a cross-sectional area
such that, when fully wound on the drum and carrying the normal service load, the maximum
allowable conductor temperature is not exceeded.

For cables of circular cross-sectional area installed on drums, the maximum current-carrying
capacity in free air should be derated in accordance with Table 7

NOTE The current-carrying capacity of cables in free air can be found in manufacturers’ specifications or in
relevant national standards.


https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

- 78 - IEC 60204-1:2016 © IEC 2016

Table 7 — Derating factors for cables wound on drums

Drum type Number of layers of cable
Any number 1 2 3 4
Cylindrical ventilated - 0,85 0,65 0,45 0,35
Radial ventilated 0,85 - - - -
Radial non-ventilated 0,75 - - - -

manufacturers. This may result in other factors being used.

NOTE 1 A radial type drum is one where spiral layers of cable are accommodated between closely(spaced
flanges; if fitted with solid flanges, the drum is described as non-ventilated and if the flanges have\sduitable
apertures, as ventilated.

NOTE 2 A ventilated cylinder drum is one where the layers of cable are accommodated betweeniwidely spaced
flanges and the drum and end flanges have ventilating apertures.

12.7 Conductor wires, conductor bars and slip-ring assemblies
12.7.1 Basic protection

Conductor wires, conductor bars and slip-ring assemblies shall be installed or enclosed in
such a way that, during normal access to the machine, basic protection is achieved by the
ppplication of one of the following protective measures:

- protection by partial insulation of live parts, or where this is not practicable;

- protection by enclosures or barriers of at least 1P2X or IPXXB.

Horizontal top surfaces of barriers or enclostres that are readily accessible shall provide &
degree of protection of at least IP4X or IPXXD.

Where the required degree of protectiornris not achieved, protection by placing live parts out of
reach in combination with emergency switching off in accordance with 9.2.3.4.3 shall be
ppplied.

Conductor wires and conductor bars shall be so placed and/or protected as to:

- prevent contact, especially for unprotected conductor wires and conductor bars, with
conductive items\such as the cords of pull-cord switches, strain-relief devices and drive
chains;

- prevent damage from a swinging load.

See also-6{2.6.

12,7.2° Protective conductors

Atrere—conductorwires,conductor bars—and—stip=-ringassembtiesare—instatted—aspartofth
protective bonding circuit, they shall not carry current in normal operation. Therefore, the
protective conductor (PE) and the neutral conductor (N) shall each use a separate conductor
wire, conductor bar or slip-ring.

The continuity of protective conductors using sliding contacts shall be ensured by taking
appropriate measures (for example, duplication of the current collector, continuity monitoring).

12.7.3 Protective conductor current collectors

Protective conductor current collectors shall have a shape or construction so that they are not
interchangeable with the other current collectors. Such current collectors shall be of the
sliding contact type.
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12.7.4 Removable current collectors with a disconnector function

Removable current collectors having a disconnector function shall be so designed that the
protective conductor circuit is interrupted only after the live conductors have been
disconnected, and the continuity of the protective conductor circuit is re-established before
any live conductor is reconnected (see also 8.2.3).

12.7.5 Clearances in air
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wires, conductor bars, slip-ring assemblies and their current collectors shall be suitable forat
east a rated impulse voltage of an overvoltage category lll in accordance with IEC 606641

12.7.6 Creepage distances

Creepage distances between the respective conductors, between adjacent®systems of
conductor wires, conductor bars and slip-ring assemblies, and their current.collectors shall be
Suitable for operation in the intended environment, for example open aify’inside buildings
protected by enclosures.

n abnormally dusty, moist or corrosive environments, the following creepage distance
requirements apply:

- unprotected conductor wires, conductor bars, and slipsring assemblies shall be equipped
with insulators with a minimum creepage distance of 60,mm;

- enclosed conductor wires, insulated multipole cenductor bars and insulated individua
conductor bars shall have a minimum creepage{distance of 30 mm.

The manufacturer's recommendations shall “be followed regarding special measures tg
prevent a gradual reduction in the insulation\values due to unfavourable ambient conditiong
for example deposits of conductive dust, cheémical attack).

12.7.7 Conductor system sectioning

Where conductor wires or conductor bars are arranged so that they can be divided intg
solated sections, suitable design measures shall be employed to prevent the energization of
pdjacent sections by the current collectors themselves.

12.7.8 Construction and installation of conductor wire, conductor bar systems and
slip-ring assemblies

Conductor wirés, conductor bars and slip-ring assemblies in power circuits shall be grouped
separately fromr those in control circuits.

Conducter wires, conductor bars and slip-ring assemblies, including their current collectors
shall"be capable of withstanding, without damage, the mechanical forces and thermal effectg
pfishort-circuit currents.

Removable covers for conductor wire and conductor bar systems laid underground or
underfloor shall be so designed that they cannot be opened by one person without the aid of a
tool.

Where conductor bars are installed in a common metal enclosure, the individual sections of
the enclosure shall be bonded together and connected to the protective bonding circuit. Metal
covers of conductor bars laid underground or underfloor shall also be bonded together and
connected to the protective bonding circuit.


https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

- 80 - IEC 60204-1:2016 © IEC 2016

The protective bonding circuit shall include the covers or cover plates of metal enclosures or
underfloor ducts. Where metal hinges form a part of the protective bonding circuit, their
continuity shall be verified (see Clause 18).

Conductor bar ducts that can be subject to accumulation of liquid such as oil or water shall
have drainage facilities.

13 Wiring practices

13.1 Connections and routing
13.1.1 General requirements

All connections, especially those of the protective bonding circuit, shall be secured against
pccidental loosening.

The means of connection shall be suitable for the cross-sectional areas and nature of the
conductors being terminated.

The connection of two or more conductors to one terminal is pérmitted only in those caseg
where the terminal is designed for that purpose. However, only~one protective conductor shal
be connected to one terminal connecting point.

Soldered connections shall only be permitted where terminals are provided that are suitablg
for soldering.

Terminals on terminal blocks shall be plainly) marked or labelled to correspond with the
dentification used in the diagrams.

NOTE |IEC 61666 provides rules that can be used<or the designation of terminals within the electrical equipment.

Where an incorrect electrical connegtion (for example, arising from replacement of devices) ig
dentified as a source of risk thatnieeds to be reduced and it is not practicable to reduce the
possibility of incorrect connection by design measures, the conductors and/or terminationg
shall be identified.

The installation of flexible conduits and cables shall be such that liquids shall drain away from
the fittings.

Means of retdining conductor strands shall be provided when terminating conductors af
devices or tetminals that are not equipped with this facility. Solder shall not be used for that
purpose.

Shielded conductors shall be so terminated as to prevent fraying of strands and to permit
pasy disconnection.

Identification tags shall be legible, permanent, and appropriate for the physical environment.

Terminal blocks shall be mounted and wired so that the wiring does not cross over the
terminals.

13.1.2 Conductor and cable runs

Conductors and cables shall be run from terminal to terminal without splices or joints.
Connections using plug/socket combinations with suitable protection against accidental
disconnection are not considered to be splices or joints for the purpose of 13.1.2.
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Exception: Where it is impracticable to provide terminals in a junction box (for example on
mobile machines, on machines having long flexible cables; cable connections exceeding a
length which is not practical to be supplied by the cable manufacturer on one cable drum),
splices or joints may be used.

Where it is necessary to connect and disconnect cables and cable assemblies, sufficient extra
length shall be provided for that purpose.

The terminations of cables shall be adequately supported to prevent mechanical stresses at
the terminations of the conductors.

Wherever practicable, the protective conductor shall be placed close to the associated live
conductors in order to decrease the impedance of the loop.

13.1.3 Conductors of different circuits

Conductors of different circuits may be laid side by side, may occupy. the same duct (for
example conduit, cable trunking system), or may be in the same multicopductor cable or in theg
same plug/socket combination provided that the arrangement does_not impair the properf
functioning of the respective circuits and:

» where those circuits operate at different voltages, the(tonhductors are separated by
suitable barriers or;

o the conductors are insulated for the highest voltage to’which any of the conductors can be
subjected, for example line to line voltage for unearthed systems and phase to earth
voltage for earthed systems.

13.1.4 AC circuits — Electromagnetic effects (prevention of eddy currents)

Conductors of AC circuits installed in ferremagnetic enclosures shall be arranged so that al
conductors of each circuit, including the protective conductor of each circuit, are contained in
the same enclosure. Where such condugtors enter a ferrous enclosure, they shall be arranged
such that the conductors are not individually surrounded by ferromagnetic material.

Single-core cables armoured with steel wire or steel tape should not be used for AC circuits.

NOTE 1 The steel wire or steel\tape armour of a single-core cable is regarded as a ferromagnetic enclosure. Fol
single-core wire armoured cables, the use of aluminium armour is recommended.

NOTE 2 Derived fromJEC 60364-5-52.

13.1.5 Connéction between pick-up and pick-up converter of an inductive power
supply system

The cable)between the pick-up and the pick-up converter shall be:

- ,as)short as practicable;

L zdnqnn’rnly prn’rnr\fnr‘l ngainef mechanical rlnms\gn

NOTE The output of the pick-up can be a current source, therefore damage to the cable can result in a high
voltage hazard.

13.2 Identification of conductors
13.2.1 General requirements

Each conductor shall be identifiable at each termination in accordance with the technical
documentation.

It is recommended (for example to facilitate maintenance) that conductors be identified by
number, alphanumeric, colour (either solid or with one or more stripes), or a combination of
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colour and numbers or alphanumeric. When numbers are used, they shall be Arabic; letters
shall be Roman (either upper or lower case).

NOTE 1 Annex B can be used for agreement between supplier and user regarding a preferred method of
identification.

NOTE 2 |IEC 62491 provides rules and guidelines for the labelling of cables and cores/conductors used in
industrial installations, equipment and products.

13.2.2 Identification of the protective conductor / protective bonding conductor

The protective conductor / protective bonding conductor shall be readily distinguishable from
pther conductors by shape, location, marking, or colour. When identification is by _¢oloun
plone, the bicolour combination GREEN-AND-YELLOW shall be used throughout the length of
the  conductor. This colour identification is strictly reserved for -~protective
conductors/protective bonding conductors.

FFor insulated conductors, the bicolour combination GREEN-AND-YELLOW-shall be such that
pbn any 15 mm length, one of the colours covers at least 30 % and not mere’than 70 % of the
surface of the conductor, the other colour covering the remainder of the Gurface.

Where the protective conductor(s) can be easily identified by its shape, position, of
construction (for example a braided conductor, uninsulated stranded conductor), or where the
nsulated conductor is not readily accessible or is part of a-multicore cable, colour coding
throughout its length is not necessary. However, where, the conductor is not clearly visible
throughout its length, the ends or accessible locations/shall be clearly identified by the
graphical symbol IEC 60417-5019:2006-08 (see Figure 16) or with the letters PE or by the
bicolour combination GREEN-AND-YELLOW.

Figure 16 — Symbol IEC 60417-5019

Fxception: Protective ponding conductors may be marked with the letters PB and/or the
symbol IEC 60417-5021<(2002-10) (see Figure 17).

r 1

L -

Figure 17 — Symbol IEC 60417-5021

13.2.3 Identification of the neutral conductor

Where a circuit includes a neutral conductor that is identified by colour alone, the colour used
for this conductor shall be BLUE. In order to avoid confusion with other colours, it is
recommended that an unsaturated blue be used, called here “light blue” (see 6.2.2 of
IEC 60445:2010). Where the selected colour is the sole identification of the neutral conductor,
that colour shall not be used for identifying any other conductor where confusion is possible.
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Where identification by colour is used, bare conductors used as neutral conductors shall be
either coloured by a stripe, 15 mm to 100 mm wide in each compartment or unit and at each
accessible location, or coloured throughout their length.

13.2.4 Identification by colour

Where colour-coding is used for identification of conductors (other than the protective
conductor (see 13.2.2) and the neutral conductor (see 13.2.3)), the following colours may be
used:

BLACK, BROWN, RED, ORANGE, YELLOW, GREEN, BLUE (including LIGHT BLUE)
VIOLET, GREY, WHITE, PINK, TURQUOISE.

NOTE This list of colours is derived from IEC 60757.

t is recommended that, where colour is used for identification, the colour be used-throughout
the length of the conductor either by the colour of the insulation or by colour markers af
regular intervals and at the ends or accessible location.

FFor safety reasons, the colour GREEN or the colour YELLOW should;not'be used where there
s a possibility of confusion with the bicolour combination GREEN-AND-YELLOW (see 13.2.2).

Colour identification using combinations of those colours listed)above may be used provided
there can be no confusion and that GREEN or YELLOW/,is 'not used except in the bicoloud
combination GREEN-AND-YELLOW.

Where colour-coding is used for identification of conductors, it is recommended that they be
colour-coded as follows:

- BLACK: AC and DC power circuits;

- RED: AC control circuits;

- BLUE: DC control circuits;

- ORANGE: excepted circuits in gccordance with 5.3.5.

F-xceptions to the above are~permitted where insulation is not available in the colours
recommended (for example.in multiconductor cables).

13.3 Wiring inside enclosures

Conductors inside.'enclosures shall be supported where necessary to keep them in place
Non-metallic ducts shall be permitted only when they are made with a flame-retardant
nsulating material (see the IEC 60332 series).

t is recommended that electrical equipment mounted inside enclosures be designed and
constructed in such a way as to permit modification of the wiring from the front of the
enclosure (see also 11.2.1). Where that is not practicable and control devices are connected
rom the rear of the enclosure, access doors or swingout panels shall be provided

Connections to devices mounted on doors or to other movable parts shall be made using
flexible conductors in accordance with 12.2 and 12.6 to allow for the frequent movement of
the part. The conductors shall be anchored to the fixed part and to the movable part
independently of the electrical connection (see also 8.2.3 and 11.2.1).

Conductors and cables that do not run in ducts shall be adequately supported.

Terminal blocks or plug/socket combinations shall be used for control wiring that extends
beyond the enclosure. For plug/socket combinations, see also 13.4.5 and 13.4.6.
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Power cables and cables of measuring circuits may be directly connected to the terminals of
the devices for which the connections were intended.

13.4 Wiring outside enclosures
13.4.1 General requirements

The means of introduction of cables or ducts with their individual glands, bushings, etc., into
an enclosure shall ensure that the degree of protection is not reduced (see 11.3).

Conductors of a circuit shall not be distributed over different multi-core cables, conduits, cable
ducting systems or cable trunking systems. This is not required where a number of muKi-¢coreg
cables, forming one circuit, are installed in parallel. Where multi-core cables are installed in
parallel, each cable shall contain one conductor of each phase and the neutral if any:

13.4.2 External ducts

Conductors and their connections external to the electrical equipment enclosure(s) shall be
enclosed in suitable ducts (i.e. conduit or cable trunking systems) as described in 13.5 exceptf
for suitably protected cables that may be installed without ducts and with or without the use of
cable trays or cable support means. Where devices such as paosition switches or proximity
switches are supplied with a dedicated cable, their cable need not be enclosed in a duct when
the cable is suitable for the purpose, sufficiently short, and Go-located or protected, that the
risk of damage is minimized.

Fittings used with ducts or cables shall be suitable for-the physical environment.

FFlexible conduit or flexible multiconductor cable~shall be used where it is necessary to employ
flexible connections to pendant push-button stations. The weight of the pendant stations shal
be supported by means other than the flexible conduit or the flexible multiconductor cable
except where the conduit or cable is specifically designed for that purpose.

13.4.3 Connection to moving elements of the machine

The design of connections to moving parts shall take into account the foreseeable frequency
pf movement and shall be made using conductors in accordance with 12.2 and 12.6. Flexiblg
cable and flexible conduitcshall be so installed as to avoid excessive flexing and straining
particularly at the fittings.

Cables subject toimovement shall be supported in such a way that there is no mechanica
5train on the cennection points nor any sharp flexing. When this is achieved by the provision
pf a loop, itashall have sufficient length to provide for a bending radius of the cable ag
specified by-the cable manufacturer or if no such specification is given, at least 10 times the
diameter-of the cable.

FFlexible cables of machines shall be so installed or protected as to minimize the possibility of
external damage due to factors that include the following cable use or potential abuse:

— being run over by the machine itself;

— being run over by vehicles or other machines;

— coming into contact with the machine structure during movements;

— running in and out of cable baskets, or on or off cable drums;

— acceleration forces and wind forces on festoon systems or suspended cables;
— excessive rubbing by cable collector;

— exposure to excessive radiated heat.
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The cable sheath shall be resistant to the normal wear that can be expected from movement
and to the effects of environmental contaminants (for example oil, water, coolants, dust).

Where cables subject to movement are close to moving parts, precautions shall be taken to
maintain a space of at least 25 mm between the moving parts and the cables. Where that
distance is not practicable, fixed barriers shall be provided between the cables and the
moving parts.

The cable handling system shall be so designed that lateral cable angles do not exceed 5°
avoiding torsion in the cable when:

- being wound on and off cable drums; and

- approaching and leaving cable guidance devices.

Measures shall be taken to ensure that at least two turns of flexible cables always remain on
g drum.

Devices serving to guide and carry a flexible cable shall be so desighed that the inner
bending radius at all points where the cable is bent is not less than the values given in
Table 8, unless otherwise agreed with the cable manufacturer)xtaking into account the
permissible tension and the expected fatigue life.

Table 8 — Minimum permitted bending radii for the forced guiding
of flexible cables

Cable diametersor'thickness of flat cable (d)
Application mm
d<8 8<d<20 d>20
Cable drums 6 d 6 d 8 d
Guide rollers 6,.d 8 d 8d
Festoon systems 6°d 6 d 8d
All others 6 d 6 d 8 d

The straight section between-two bends shall be at least 20 times the diameter of the cable.

Where flexible conduitis adjacent to moving parts, the construction and supporting meang
shall prevent damage. to the flexible conduit under all conditions of operation.

FFlexible conduit’shall not be used for connections subject to rapid or frequent movementsg
except whehsspecifically designed for that purpose.

13.4.4—Interconnection of devices on the machine

Where several machine-mounted devices (for example position sensors, push-buttons) are
connected in series or in _parallel, it Is recommended that the connections between those
devices be made through terminals forming intermediate test points. Such terminals shall be
conveniently placed, adequately protected, and shown on the relevant diagrams.

13.4.5 Plug/socket combinations

Components or devices inside an enclosure, terminated by fixed plug/socket combinations (no
flexible cable), or components connected to a bus system by a plug/socket combination, are
not considered to be plug/socket combinations for the purpose of this 13.4.5.

After installation in accordance with item a) below, plug/socket combinations shall be of such
a type as to prevent unintentional contact with live parts at any time, including during insertion
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or removal of the connectors. The degree of protection shall be at least IP2X or IPXXB. PELV
circuits are excepted from this requirement.

Where the plug/socket contains a contact for the protective bonding circuit, it shall have a first
make last break contact (see also 8.2.4).

Plug/socket combinations intended to be connected or disconnected during load conditions
shall have sufficient load-breaking capacity. Where the plug/socket combination is rated at
30 A, or greater, it shall be interlocked with a switching device so that the connection and
disconnection is possible only when the switching device is in the OFF position.

Plug/socket combinations that are rated at more than 16 A shall have a retaining means tg
prevent unintended or accidental disconnection.

Where an unintended or accidental disconnection of plug/socket combinations.can cause 4
hazardous situation, they shall have a retaining means.

The installation of plug/socket combinations shall fulfil the following requirements ag
applicable:

n) The component which remains live after disconnection shall have a degree of protection of
at least IP2X or IPXXB, taking into account the required clearance and creepage
distances. PELV circuits are excepted from this requirement.

b) Metallic housings of plug/socket combinations shall be connected to the protective
bonding circuit.

c) Plug/socket combinations intended to carry pewer loads but not to be disconnected during
load conditions shall have a retaining smeéans to prevent unintended or accidenta
disconnection and shall be clearly marked that they are not intended to be disconnected
under load.

d) Where more than one plug/socket“combination is provided in the same electrica
equipment, the associated combinations shall be clearly identifiable. It is recommended
that mechanical coding be used:;to prevent incorrect insertion.

£) Plug/socket combinations used in control circuits shall fulfil the applicable requirements of
IEC 61984.

Fxception: In plug/socket.combinations in accordance with IEC 60309-1, only those contactg
Shall be used for contrgl iCircuits which are intended for those purposes. This exception does
hot apply to control gircuits using high frequency signals superimposed on the power circuits.

13.4.6 Dismantling for shipment

Where it issnecessary that wiring be disconnected for shipment, terminals or plug/socket
combinations shall be provided at the sectional points. Such terminals shall be suitably
enclosed—-and plug/socket combinations shall be protected from the physical environment
during,transportation and storage.

J.4.7/ Additional conductors

Consideration should be given to providing additional conductors for maintenance or repair.
When spare conductors are provided, they shall be connected to spare terminals or isolated in
such a manner as to prevent contact with live parts.

13.5 Ducts, connection boxes and other boxes
13.5.1 General requirements

Ducts shall provide a degree of protection (see IEC 60529) suitable for the application.
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All sharp edges, flash, burrs, rough surfaces, or threads with which the insulation of the
conductors can come in contact shall be removed from ducts and fittings. Where necessary,
additional protection consisting of a flame-retardant, oil-resistant insulating material shall be
provided to protect conductor insulation.

Drain holes of 6 mm diameter are permitted in cable trunking systems, connection boxes, and
other boxes used for wiring purposes that can be subject to accumulations of oil or moisture.

n _order to prevent confusion of conduits with oil, air, or water piping, it is recommended that
the conduits be either physically separated or suitably identified.

PDucts and cable trays shall be rigidly supported and positioned at a sufficient distance, from
moving parts and in such a manner so as to minimize the possibility of damage\or” wear
n areas where human passage is required, the ducts and cable trays shall be mounted at
east 2 m above the working surface.

Cable trays that are partially covered should not be considered to be ducts’or cable trunking
systems (see 13.5.6), and the cables used shall be of a type suitable fer-installation on open
cable trays.

t is recommended that the dimensions and arrangement of duc¢tsbe such as to facilitate the
nsertion of the conductors and cables.

13.5.2 Rigid metal conduit and fittings

Rigid metal conduit and fittings shall be of galvanizéd steel or of a corrosion-resistant materia
suitable for the conditions. The use of dissimilarymetals in contact that can cause galvanig
pction should be avoided.

Conduits shall be securely held in place and supported at each end.

Fittings shall be compatible with the conduit and appropriate for the application. Fittingg
Should be threaded unless structural difficulties prevent assembly. Where threadless fittingsg
pre used, the conduit shall be securely fastened to the equipment.

Conduit bends shall be made in such a manner that the conduit shall not be damaged and the
nternal diameter of thelconduit shall not be effectively reduced.

13.5.3 Flexible'metal conduit and fittings

A flexible metal conduit shall consist of a flexible metal tubing or woven wire armour. It shal
be suitable)for the expected physical environment.

Fittings shall be compatible with the conduit and appropriate for the application.

{354 Frexib] _ " bori it

Flexible non-metallic conduit shall be resistant to kinking and shall have physical
characteristics similar to those of the sheath of multiconductor cables.

The conduit shall be suitable for use in the expected physical environment.
Fittings shall be compatible with the conduit and appropriate for the application.

13.5.5 Cable trunking systems

Cable trunking systems external to enclosures shall be rigidly supported and clear of all
moving parts of the machine and of sources of contamination.
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Covers shall be shaped to overlap the sides; gaskets shall be permitted. Covers shall be
attached to cable trunking systems by suitable means. On horizontal cable trunking systems,
the cover shall not be on the bottom unless specifically designed for such installation.

NOTE Requirements for cable trunking and ducting systems for electrical installations are given in the IEC 61084
series.

Where the cable trunking system is furnished in sections, the joints between sections shall fit
tightly but need not be gasketed.

The only openings permitted shall be those required for wiring or for drainage. Cable trunking
5ystems shall not have opened but unused knockouts.

13.5.6 Machine compartments and cable trunking systems

The use of compartments or cable trunking systems within the column or base_of.a machine tg
enclose conductors is permitted provided the compartments or cable trunking systems are
solated from coolant or oil reservoirs and are entirely enclosed. Conductors run in enclosed
compartments and cable trunking systems shall be so secured and arranged that they are not
subject to damage.

13.5.7 Connection boxes and other boxes

Connection boxes and other boxes used for wiring purposes shall be accessible for
maintenance. Those boxes shall provide protection against the ingress of solid bodies and
iquids, taking into account the external influences under which the machine is intended to
pperate (see 11.3).

Those boxes shall not have opened but unuséd knockouts nor any other openings and shal
be so constructed as to exclude materials such as dust, flyings, oil, and coolant.

13.5.8 Motor connection boxes

Motor connection boxes shall enclose only connections to the motor and motor-mounted
devices (for example brakes;\ temperature sensors, plugging switches, tachometer
generators).

14 Electric motors and associated equipment

14.1 General requirements

Flectric motots-should conform to the relevant parts of IEC 60034 series.

The protection requirements for motors and associated equipment are given in 7.2 for
pvercurrent protection, in 7.3 for protection of motors against overheating, and in 7.6 for
pverspeed protection.

As many controllers do not switch off the supply to a motor when it is at rest, care shall be
taken to ensure compliance with the requirements of 5.3, 5.4, 5.5, 7.5, 7.6 and 9.4. Motor
control equipment shall be located and mounted in accordance with Clause 11.

14.2 Motor enclosures

Enclosures for motors should be in accordance with IEC 60034-5.

The degree of protection shall be dependent on the application and the physical environment
(see 4.4). All motors shall be adequately protected from mechanical damage.
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14.3 Motor dimensions

As far as is practicable, the dimensions of motors shall conform to those given in the
IEC 60072 series.

144 Motor mounting and compartments

Each motor and its associated couplings, belts, pulleys, or chains, shall be so mounted that
they are adequately protected and are easily accessible for inspection, maintenance,
P H + + 2l IH 4 Lot F'H ol 1 4+ T + F'H

UJUOLIIIUIIL [=1RA"] OIIBIIIIIUIIL, uvrivativrt, driru IU'JIGL;UIIIUIIL. e 1T1rmoutul IIIUUIILIIIH GIIGIIHUIIICII
shall be such that all motor mounting means can be removed and all terminal boxes,are
pccessible.

Motors shall be so mounted that proper cooling is ensured and the temperature rise\remaing
within the limits of the insulation class (see IEC 60034-1).

Where practicable, motor compartments should be clean and dry, and when-required, shall be
ventilated directly to the exterior of the machine. The vents shall be such that ingress of
swarf, dust, or water spray is at an acceptable level.

There shall be no opening between the motor compartment and‘\any other compartment that
Hoes not meet the motor compartment requirements. Where a conduit or pipe is run into the
motor compartment from another compartment not meeting the motor compartment
Fequirements, any clearance around the conduit or pipe shall be sealed.

14.5 Criteria for motor selection

The characteristics of motors and associated equipment shall be selected in accordance with
the anticipated service and physical environmental conditions (see 4.4). In this respect, the
points that shall be considered include:

- type of motor;

- type of duty cycle (see IEC 60034-1);

- fixed speed or variable speed operation, (and the consequent variable influence of the
ventilation);

- mechanical vibration;
- type of motor control;

- temperature rise\and other effects of the frequency spectrum of the voltage and/or current
feeding the motor (particularly when it is supplied from a converter);

- method of starting and the possible influence of the inrush current on the operation of
other ,users of the same power supply, taking also into account possible specia
considerations stipulated by the supply authority;

- variation of counter-torque load with time and speed;

—~nfluence of loads with large inertia;

— influence of constant torque or constant power operation;
— possible need of inductive reactors between motor and converter.

14.6 Protective devices for mechanical brakes

Operation of the overload and overcurrent protective devices for mechanical brake actuators
shall initiate the simultaneous de-energization (release) of the associated machine actuators.

NOTE Associated machine actuators are those associated with the same motion, for example cable drums and
long-travel drives.
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15 Socket-outlets and lighting

151 Socket-outlets for accessories

Where the machine or its associated equipment is provided with socket-outlets that are
intended to be used for accessory equipment (for example hand-held power tools, test
equipment), the following apply:

— the socket-outlets should conform to IEC 60309-1. Where that is not practicable, they

- the continuity of the protective bonding circuit to the socket-outlet shall be ensured;

- all unearthed conductors connected to the socket-outlet shall be protected .against
overcurrent and, when required, against overload in accordance with 7.2 \and 7.3
separately from the protection of other circuits;

- where the power supply to the socket-outlet is not disconnected by the. supply discon-
necting device for the machine or the section of the machine, the requirements of 5.3.5
apply;

- where fault protection is provided by automatic disconnection of supply, the disconnection
time shall be in accordance with Table A.1 for TN systems or Table 'A.2 for TT systems;

- circuits supplying socket-outlets with a current rating not exceeding 20 A shall be provided
with residual current protection (RCDs) with a rated operating current not exceeding
30 mA.

15.2 Local lighting of the machine and of the equipment
15.2.1 General

The ON/OFF switch shall not be incorporated in the lampholder or in the flexible connecting
cord.

Stroboscopic effects from lights shall be.avoided by the selection of appropriate luminaires.

Where fixed lighting is provided\Nin an enclosure, electromagnetic compatibility should be
faken into account using the principles outlined in 4.4.2.

15.2.2 Supply

The nominal voltage.of the local lighting circuit shall not exceed 250 V between conductors. A
voltage not exceeding 50 V between conductors is recommended.

| ighting circuits shall be supplied from one of the following sources (see also 7.2.6):

- a dedicated isolating transformer connected to the load side of the supply disconnecting
device. Overcurrent protection shall be provided in the secondary circuit;

-2 dedicated isolating transformer connected to the line side of the supply disconnecting
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enclosures only. Overcurrent protection shall be provided in the secondary circuit (see
also 5.3.5);

— a circuit of the electrical equipment of the machine for lighting, with dedicated overcurrent
protection;

— an isolating transformer connected to the line side of the supply disconnecting device,
provided with a dedicated primary disconnecting means (see 5.3.5) and secondary
overcurrent protection, and mounted within the control enclosure adjacent to the supply
disconnecting device;

— an externally supplied lighting circuit (for example factory lighting supply). This shall be
permitted in control enclosures only, and for the machine work light(s) where their total
power rating is not more than 3 kW,
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— power supply units, for DC supply to LED light sources, fitted with isolating transformers
(for example, in accordance with IEC 61558-2-6).

Exception: where fixed lighting is out of reach of operators during normal operations, the
provisions of 15.2.2 do not apply.

15.2.3 Protection

Local lighting circuits shall be protected in accordance with 7.2.6.

15.2.4 Fittings

Adjustable lighting fittings shall be suitable for the physical environment.

The lampholders shall be:

— in accordance with the relevant IEC standard;

- constructed with an insulating material protecting the lamp cap)so as to prevent
unintentional contact.

Reflectors shall be supported by a bracket and not by the lampholder.

Fxception: where fixed lighting is out of reach of operators during normal operation, the
provisions of 15.2.4 do not apply.

16 Marking, warning signs and reference designations

16.1 General

Warning signs, nameplates, markings, labels and identification plates shall be of sufficient
durability to withstand the physical envifonment involved.

16.2 Warning signs
16.2.1 Electric shock hazard

Fnclosures that do notetheérwise clearly show that they contain electrical equipment that can
give rise to a risk of eleetric shock shall be marked with the graphical symbol ISO 7010-W012
see Figure 18).

Figure 18 — Symbol ISO 7010-W012
The warning sign shall be plainly visible on the enclosure door or cover.

The warning sign may be omitted (see also 6.2.2 b)) for:

— an enclosure equipped with a supply disconnecting device;
— an operator-machine interface or control station;

— a single device with its own enclosure (for example position sensor).
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16.2.2 Hot surfaces hazard

Where the risk assessment shows the need to warn against the possibility of hazardous
surface temperatures of the electrical equipment, the graphical symbol ISO 7010-W017 shall
be used (see Figure 19).

Figure 19 — Symbol ISO 7010-W017

NOTE 1SO 13732-1 gives guidance for the assessment of the risks of burns when humans might touch ho
surfaces with their unprotected skin.

16.3 Functional identification

Control devices and visual indicators shall be clearly and durably marked with regard to their
functions either on or adjacent to the item. It is recommended that such markings are made in
pccordance with IEC 60417 and 1ISO 7000.

16.4 Marking of enclosures of electrical equipment

The following information shall be legibly and durably marked in a way that is plainly visiblg
pfter the equipment is installed on enclosures that receive incoming power supplies:
» name or trade mark of supplier;

o certification mark or other marking that can be required by local or regional legislation
when required;

o type designation or model, wher€“applicable;

o serial number where applicable;

» main document number:(see IEC 62023) where applicable;
o rated voltage, numper: of phases and frequency (if AC), and full-load current for each
incoming supply.

t is recommendegdithat this information is provided adjacent to the main incoming supply(ies).

16.5 Reférence designations

All enclosures, assemblies, control devices, and components shall be plainly identified with
the same reference designation as shown in the technical documentation.

17 Technical documentation

171 General

The information necessary for identification, transport, installation, use, maintenance,
decommissioning and disposal of the electrical equipment shall be supplied.

NOTE 1 Documentation is sometimes supplied in paper form, since it cannot be assumed that the user has
access to the means of reading instructions supplied in electronic form or made available on an Internet site.
However, it is often useful for the documentation to be made available in electronic form and on the Internet as well
as in paper form, since this enables the user to download the electronic file if he so wishes and to recover the
documentation if the paper copy has been lost. This practice also facilitates the updating of the documentation
when this is necessary.
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NOTE 2

In some countries, the requirement to use specific language(s) is covered by legal requirements.

Annex | should be considered as guidance for the preparation of information and documents.

17.2

Information related to the electrical equipment

The following shall be supplied:

a) where more than one document is provided, a main document for the electrical equipment

as a whole, listing the complementary documents associated with the electrica

equipment;

b) identification of the electrical equipment (see 16.4);

c) information on installation and mounting including:

e a description of the electrical equipment’s installation and mounting, and jts\connection
to the electrical supplies and where relevant other supplies;

e short-circuit current rating of the electrical equipment for each incoming“power supply;

o rated voltage, number of phases and frequency (if AC.), type of distribution system
(TT, TN, IT) and full-load current for each incoming supply;

e any additional electrical supply(ies) requirements (for examplé maximum supply source
impedance, leakage current) for each incoming supply;

e space required for the removal or servicing of the electrical equipment;

e installation requirements where needed to ensufe that the arrangements for cooling
are not impaired,;

e environmental limitations (for examplefslighting, vibration, EMC environment
atmospheric contaminants) where appropriate;

e functional limitations (for example peak starting currents and permitted voltage
drop(s)) as applicable;

e precautions to be taken for theinstallation of the electrical equipment relevant to the
electromagnetic compatibility;

d) an instruction for the connection of simultaneously accessible extraneous-conductive
parts in the vicinity of the machine (for example, within 2,5 metres) such as the following
to the protective bonding circuit:

o metallic pipes;
e fences;

e |adders;

¢ handrails-

£) information on the functioning and operation, including as applicable:

e _‘an’/overview of the structure of the electrical equipment (for example by structure
diagram or overview diagram);
¢ procedures for programming or configuring, as necessary for the intended use;
e procedures for restarting after an unexpected stop;
e a sequence of operation;
f) information on maintenance of the electrical equipment, as appropriate, including:

frequency and method of functional testing;

instructions on the procedures for safe maintenance and where it is necessary to
suspend a safety function and/or protective measure (see 9.3.6);

guidance on the adjustment, repair, and frequency and method of preventive
maintenance;


https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

-94 - IEC 60204-1:2016 © IEC 2016

e details of the interconnections of the electrical components subject to replacement (for
example by circuit diagrams and/or connection tables);

e information on required special devices or tools;
e information on spare parts;

e information on possible residual risks, indication of whether any particular training is
required and specification of any necessary personal protective equipment;

e where applicable, instructions to restrict availability of key(s) or tool(s) to skilled or

H 4 ol |
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o settings (DIP-switches, programmable parameter values, etc);

o information for validation of safety related control functions after repair or modification
and for periodic testing where necessary;

g) information on handling, transportation and storage as appropriate {fer’ example
dimensions, weight, environmental conditions, possible ageing constraints);

h) information for proper disassembly and handling of components (for example for recycling
or disposal).

18 Verification

18.1 General

The extent of verification will be given in the dedicated, product standard for a particulaf
machine. Where there is no dedicated product standard for the machine, the verificationg
shall always include the items a), b), ¢) and h) and,may include one or more of the items d) tg

0):
n) verification that the electrical equipment complies with its technical documentation;
b) verification of continuity of the protective bonding circuit (Test 1 of 18.2.2);

c) in case of fault protection by automatic disconnection of supply, conditions for protection
by automatic disconnection shallbe verified according to 18.2;

d) insulation resistance test (see\18.3);

E) voltage test (see 18.4);

f) protection against residual voltage (see 18.5);

g) verification that the ‘relevant requirements of 8.2.6 are met;
h) functional testsy(see 18.6).

When these tests are performed, it is recommended that they follow the sequence listed
pbove.

Whenthe electrical equipment is modified, the requirements stated in 18.7 shall apply.

For/verifications that include measurement, measuring equipment in accordance with the
IEC 61557 series is recommended.

The results of the verification shall be documented.

18.2 Verification of conditions for protection by automatic disconnection of supply
18.2.1 General

The conditions for automatic disconnection of supply (see 6.3.3) shall be verified by tests.

Test 1 verifies the continuity of the protective bonding circuit.
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Test 2 verifies the conditions for protection by automatic disconnection of the supply in TN
systems.

For TN-systems, those test methods are described in 18.2.2 and 18.2.3; their application for
different conditions of supply are specified in 18.2.4.

For TT systems, see Clause A.2.

ForlT systems-seetEC-60364-6-

Where RCDs are used in the electrical equipment, their function shall be verified in
pccordance with the manufacturer’s instructions. The test procedure and test interval.shall be
specified in the maintenance instructions.

18.2.2 Test 1 — Verification of the continuity of the protective bonding circuit

The resistance between the PE terminal (see 5.2 and Figure 4) and relevant points that are
part of the protective bonding circuit shall be measured with a current between at least 0,2 A
and approximately 10 A derived from an electrically separated supply source (for examplég
SELV, see 414 of IEC 60364-4-41:2005) having a maximum nozload voltage of 24 V AC o
DC.

The resistance measured shall be in the expected range(according to the length, the crosg
sectional area and the material of the related protective_conductors and protective bonding
conductor(s).

Farthed PELV supplies can produce misleading,results in this test and therefore shall not be
used.

NOTE Larger currents used for the continuity test,increases the accuracy of the test result, especially with lo
Fesistance values, i.e. larger cross sectional areasand/or lower conductor lengths.

18.2.3 Test 2 — Fault loop impedance verification and suitability of the associated
overcurrent protective-device

The connections of each power supply including the connection of the associated protective
conductor to the PE terminal of the machine, shall be verified by inspection.

The conditions for the protection by automatic disconnection of supply in accordance with
£.3.3 and AnnexAsshall be verified by both:

p) verification of the fault loop impedance by:
— caleutation, or

— «<-measurement in accordance with A.1.4, and

b)_confirmation that the setting and characteristics of the associated overcurrent protective
device are in accordance with the requirements of Annex A _and where a power drive
system (PDS) is used, confirmation that the setting and characteristics of the protective
device(s) associated with a PDS are in accordance with the converter manufacturer’s and
protective device manufacturer’s instructions.

18.2.4 Application of the test methods for TN-systems

When Test 2 of 18.2.3 is carried out by measurement, it shall always be preceded by Test 1 of
18.2.2.

NOTE A discontinuity of the protective bonding circuit can cause a hazardous situation for the tester or other
persons, or damage to the electrical equipment during the loop impedance test.

The tests that are necessary for machines of different status are specified in Table 9.
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Table 9 — Application of the test methods for TN-systems

Procedure Machine status Verification on site
A Electrical equipment of machines, erected and | Test 1 (see 18.2.2) and test 2 (see 18.2.3)
connected on site, where the continuity of the . . .
protective bonding circuits has not been Exception: Test 2 is not required where:
confirmed following erection and connection — test 1 is performed on the protective
on site. bonding conductors of the machine that
are connected on site, and;

— __the connections of each incoming power
supply and of the associated protectiye
conductor (PE) to the PE-terminal of the
machine, are verified by inspection{ and
previous calculations of the faultl loop
impedance (or resistance) \ by the
manufacturer of the electrical™equipment
are available, and:

— the arrangement of~the. installations
permits the verification~ef the length and
cross-sectional areaJof the conductors
used for the calculation, and;

— it can be confirmed through calculation or
measurement, or by information supplied
by the.customer, that the supply source
impedanece on site does not exceed the
valGespecified by the manufacturer of
the “electrical equipment. See 17.2 c),
fourth bullet).

B Machine supplied with confirmation of the Test 2 (see 18.2.3)
verification (see 18.1) of continuity of the )
protective bonding circuits by test 1 or with Exception:
the .results of a test 2 by me.asu.rement, . Where it can be confirmed through
having protective bonding circuits exceeding calculation or measurement, or by information
_the cable length for which examples.are given supplied by the customer, that the supply
in Table 10. source impedance on site does not exceed
the value specified by the manufacturer of the
electrical equipment, or that of the test supply
during a test 2 by measurement, no test is
required on site apart from verification of the
connections:
Case B1) supplied fully assembled and not e in case B1) of each incoming power
dismantled for shipment, supply and of the associated protective
conductor to the PE terminal of the
machine;
Case B2)+supplied dismantled for shipment, e in case B2) of each incoming power
whefe-the continuity of protective conductors supply and of the associated protective
is\ensured after dismantling, transportation conductor to the PE terminal of the
arid reassembly (for example by the use of machln'e and of all connections of the
plug/socket connections). protective  conductor(s) that were
disconnected for shipment.
C Machine having protective bonding circuits For case C1 or C2, no test is required on site.

not exceeding the cable length for which
examples are given in Table 10, supplied with
confirmation of the verification (see 18.1) of

For a machine not connected to the power
supply by a plug/socket combination, the
correct connection of the external protective

...............

Case C1) supplied fully assembled and not
dismantled for shipment.

Case C2) supplied dismantled for shipment,
where the continuity of protective conductors
is ensured after dismantling, transportation
and reassembly (for example by the use of
plug/socket combination(s)).

sopductorto-the-RE-terminal-of-the-machine

shall be verified by visual inspection.

In case C2), the installation documents (see
17.2) shall require that all connections of the
protective conductor(s) that were
disconnected for shipment are verified, for
example by visual inspection.
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Table 10 — Examples of maximum cable lengths from
protective devices to their loads for TN-systems

1 2 3 4 5 6 7 8 9
Maximum Minimum Maximum Fuse Fuse Miniature | Miniature | Miniature | Adjusta-
source cross- nominal discon- | discon- circuit- circuit- circuit- ble
impedance of | sectional area rating or nect time | nect time | breaker | breaker | breaker | circuit-
the supply to setting of the 5s 0,4s char.B char.C char.D breaker
the protective I,=5x1Iy| I,=10x | I, =20x | I, =8x
protective device Iy Iy Iy
device Ty
mQ mm? A Maximum cable length in m from
each protective device to its load
500 1,5 16 97 53 76 30 7 31
500 2,5 20 115 57 94 34 3 36
500 4,0 25 135 66 114 35 38
400 6,0 32 145 59 133 40 42
300 10 50 125 41 132 33 37
200 16 63 175 73 179 55 61
200 25 (line)/16 80 133 38
(PE)
100 35 (line)/16 100 136 73
(PE)
100 50 (line)/25 125 141 66
(PE)
100 70 (line)/35 160 138 46
(PE)
50 95 (line)/50 200 152 98
(PE)
50 120 (line)/70 250 157 79
(PE)
The values of the maximum-cable length in Table 10 are based on the following assumptions:
e PVC cable with copper conductors, conductor temperature under short-circuit conditions
160 °C (see Table™D.5);
e cables with lile conductors up to 16 mm? provide a protective conductor of equal cross
sectional area’to that of the line conductors;
e cables above 16 mm?2 provide a reduced size protective conductor as shown;
e 3-phase system, nominal voltage of the power supply 400 V (U, = 230 V);
e _.column 3 values are correlated with Table 6 (see 12.4).
&, . disconnection time for circuit-breakers is < 0,4 s (columns 6 — 9)
A deviation from these assumptions can require a complete calculation or measurement of the fault
loop impedance. Further information is available from IEC 60228 and IEC TR 61200-53.

18.3” Insulation resistance tests

When insulation resistance tests are performed, the insulation resistance measured at
500 V DC between the power circuit conductors and the protective bonding circuit shall be not
less than 1 MQ. The test may be made on individual sections of the complete electrical
installation.

Exception: for certain parts of electrical equipment, incorporating for example busbars,
conductor wire or conductor bar systems or slip-ring assemblies, a lower minimum value is
permitted, but that value shall not be less than 50 kQ.

If the electrical equipment of the machine contains surge protection devices which are likely to
operate during the test, it is permitted to either:
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— disconnect these devices, or

— reduce the test voltage to a value lower than the voltage protection level of the surge
protection devices, but not lower than the peak value of the upper limit of the supply
(phase to neutral) voltage.

18.4 Voltage tests

When voltage tests are performed, test equipment in accordance with IEC 61180-2 should be
used.

The test voltage shall be at a nominal frequency of 50 Hz or 60 Hz.

The maximum test voltage shall have a value of twice the rated supply voltage\ of the
equipment or 1 000 V, whichever is the greater. The maximum test voltage shall be applied
pbetween the power circuit conductors and the protective bonding circuit for at\l€ast 1 s. The
Fequirements are satisfied if no disruptive discharge occurs.

Components and devices that are not rated to withstand the test voltage,and surge protection
devices which are likely to operate during the test shall be disconnected during testing.

Components and devices that have been voltage tested in _d@cécordance with their product
standards may be disconnected during testing.

18.5 Protection against residual voltages

Where appropriate, tests shall be performed to ensure-compliance with 6.2.4.

18.6 Functional tests

The functions of electrical equipment shall be tested.

18.7 Retesting

Where a portion of the machine or’its associated equipment is changed or modified, the need
for re-verification and testing of-the electrical equipment shall be considered.

Particular attention should*be given to the possible adverse effects that retesting can have on
the equipment (for -example overstressing of insulation, disconnection/reconnection of
devices).
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Annex A
(normative)

Fault protection by automatic disconnection of supply

A.1 Fault protection for machines supplied from TN-systems

|A.1.1 General

The provisions in the Annex A are derived from IEC 60364-4-41:2005, and IEC 60364-6:2006.

Fault protection shall be provided by an overcurrent protective device thatcautomatically
disconnects the supply to the circuit or equipment in the event of a fault befween a live part
and an exposed conductive part or a protective conductor in the circuit or equipment, within g
sufficiently short disconnecting time. A disconnecting time not exceeding™5 s is considered
sufficiently short for machines that are neither hand-held nor portable.

Where this disconnecting time cannot be assured, supplementary protective bonding shall be
provided in accordance with A.1.3 that can prevent a prespective touch voltage from
exceeding 50 V AC or 120 V ripple-free DC between simultaneously accessible conductive
parts.

NOTE The use of supplementary protective bonding does not preclude the need to disconnect the supply for othe
feasons, for example protection against fire, thermal stresses jin equipment, etc.

For circuits which supply, through socket-outlets” or directly without socket-outlets, Class 1
hand-held equipment or portable equipment:\(for example socket-outlets on a machine for
pccessory equipment, see 15.1) Table A.1 specifies the maximum disconnecting times thaf
pre considered sufficiently short.

Table A.1 — Maximum disconnecting times for TN systems

System 50V<U,<120V 120 V< U,<230V 230 V< U,<400V U,>400V
S S S S
AC D] AC DC AC DC AC DC
TN 0,8 NOTE 1 0,4 5 0,2 0,4 0,1 0,1

U, is the nominalLAC or DC line to earth voltage.
NOTE 1 Disconnection may be required for reasons other than protection against electric shock.

NOTE 2 ‘For voltages which are within the tolerance band stated in IEC 60038, the disconnecting time
appropriate to the nominal voltage applies.

NOTE 3 For intermediate values of voltage, the next higher value in the above table is to be used.

A.1.2 Conditions for protection by automatic disconnection of the supply by
overcurrent protective devices

The characteristics of overcurrent protective devices and the circuit impedances shall be such
that, if a fault of negligible impedance occurs anywhere in the electrical equipment between a
line conductor and a protective conductor or exposed conductive part, automatic
disconnection of the supply will occur within the specified time (i.e. <5 s or <values in
accordance with Table A.1). The following general condition fulfils this requirement:
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Z x1, <U,

where

is the impedance of the fault loop comprising the source, the live conductor up to the point
of the fault and the protective conductor between the point of the fault and the source;

is the current causing the automatic operation of the disconnecting protective device
within the specified time;

U. is the nominal AC voltage to earth

©

The increase of the resistance of the conductors with the increase of temperature due to"the
Fault current shall be taken into account in the following equation:

Zs(n)ngﬂ
3 I

a
where Z(n) is the measured or calculated value of Z; under normal operating conditions.

Where the value of the fault loop impedance exceeds 2U,/31, ,ca'\more precise assessment
can be made in accordance with the procedure described in C.611376.2 of IEC 60364-6:2006.

A.1.3 Condition for protection by reducing the touch _voltage below 50 V

Where the requirements of A.1.2 cannot be assured,‘supplementary protective bonding can
be selected as the means of ensuring that touch voltages will not exceed 50 V. This ig
pchieved when the impedance of the protective bonding circuit (Zpg) does not exceed:

ZpEg S—?]g xZg

where Zpg is the impedance of ;the protective bonding circuit between the equipment
anywhere in the installation andithe PE terminal of the machine (see 5.2 and Figure 4) of
between simultaneously accessible exposed conductive parts and/or extraneous-conductive
parts.

Confirmation of this condition can be achieved by using the method of Test 1 of 18.2.2 tg
measure the resistance Rpg. The condition for protection is achieved when the measured
value of Rpg doeg-not exceed:

50

1 a(5s)

where

Iass) is the 5 s operating current of the protective device;

Rpg is the resistance of the protective bonding circuit between the PE terminal (see 5.2
and Figure 4) and the equipment anywhere on the machine, or between
simultaneously accessible exposed conductive parts and/or extraneous-conductive-
parts.

NOTE 1 Supplementary protective bonding is considered as an addition to fault protection.

NOTE 2 Supplementary protective bonding may involve the entire installation, a part of the installation, an item of
apparatus, or a location.
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A1.4 Verification of conditions for protection by automatic disconnection of the
supply

A.1.4.1 General

The effectiveness of the measures for fault protection by automatic disconnection of supply in
accordance with A.1.2 is verified as follows:

— verification of the characteristics of the associated protective device by visual inspection
of the nominal current setting for circuit-breakers and the current rating for fuses, and;

- measurement of the fault loop impedance (Zg). See Figure A.1.

Fxception: Verification of the continuity of the protective conductors may replace™ the
measurement where the calculations of the fault loop impedance are available and when the
prrangement of the installations permits the verification of the length and cross-sectional area
pf the conductors.

Where a power drive system (PDS) is used, the disconnection time for fault protection shal
mmeet the relevant requirements of this Annex A at the incoming supplyerminals of the basig
drive module (BDM) of the PDS. See Figure A.2.

A.1.4.2 Measurement of the fault loop impedance

Where measurement of the fault loop impedance is perfermed, it is recommended that theg
measuring equipment comply with IEC 61557-3. The information about the accuracy of the
measuring results, and the procedures to be followed" given in the documentation of the
measuring equipment shall be considered.

Measurement shall be performed when the machine is connected to a supply having the same
frequency as the nominal frequency of the supply at the intended installation.

NOTE Figure A.1 illustrates a typical arrangeméntfor measuring the fault loop impedance on a machine.

f it is not practicable for the motor to be connected during the test, the two line conductors
hot used in the test may be opened, for example, by removing fuses.

The measured value of the-fault loop impedance shall be in accordance with A.1.2.
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Figure A.1 — Typical arrangement for fault loop
impedance (Z;) measurement in TN systems
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Figure A.2 — Typical arrangement for fault loop impedance (Zy)
measurement for power drive system circuits in TN systems
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A.2 Fault protection for machines supplied from TT-systems

A.2.1 Connection to earth

All exposed-conductive-parts and all extraneous-conductive-parts shall be bonded to the
protective bonding circuit.

Exception: see 8.2.5.

n addition to the requirements of 5.2, provision for additional earthing of machine elements
and/or the PE conductor of the electrical equipment may be provided.

NOTE In a TT system, the neutral point or the mid-point of the power supply system is earthed, or where a neutra
boint or mid-point is not available or not accessible, a line conductor is earthed (derived from\IEC 60364-4-
11:2005, 411.5.1).

E.Z.Z Fault protection for TT systems
.2.21 General

Generally in TT systems, RCDs shall be used for fault protection!)yAlternatively, overcurrent
protective devices may be used for fault protection provided @“suitably low value of Z; is
permanently and reliably assured. Zg is the impedance of the fault loop.

NOTE In some countries the use of overcurrent protective devi€es,”is not permitted as the means of faul
brotection in TT systems.

Where automatic disconnection of supply is uséd as a measure for fault protection, the
plectrical equipment designer may either:

n) use in the design calculations a value. ef'earth electrode resistance or earth fault loop
impedance measured in accordance wjth IEC 60364-6 or declared by the intended user of
the equipment (see Annex B); or

p) for series-manufactured machings, specify a value of the earth electrode resistance o
earth fault loop impedance suitable for the intended installations;

And shall state in the installation instructions the value of earth electrode resistance or earth
fault loop impedance usedfor the design of the electrical equipment, specifying that this is the
maximum value to which the machine can be connected.

Where a power drive' system (PDS) is used, the disconnection time for fault protection shal
meet the relevant_requirements of this Annex A at the incoming supply terminals of the basig
drive module (BBM) of the PDS. See Figure A.4.

A.2.2.2 Protection by residual current protective device (RCD)

Where a residual current protective device (RCD) is used for fault protection, the following
canditions shall be fulfilled:

a) disconnection time as required by Table A.2, and

where:

R, is the sum of the resistances of the earth electrode and the protective conductor for
each exposed conductive-part,
I,, s the rated residual operating current of the RCD.

Exception: a disconnection time not exceeding 1 s is permitted for distribution circuits and for
circuits not covered by Table A.2.
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NOTE 1 Fault protection is provided in this case also if the fault impedance is not negligible.
NOTE 2 Where discrimination between RCDs is necessary, information is given in 535.3 of IEC 60364-5-53:2001.

NOTE 3 The disconnection times in accordance with Table A.2 relate to prospective residual fault currents

significantly higher than the rated residual operating current of the RCD (typically 5 1, ).

NOTE 4 The definition of Ry is extracted from IEC 60364-4-41. In this part of IEC 60204, the term “earth

electrode” in the definition of R, is considered to mean the “earth-return path” as defined by IEC 60050-195:1998,
195-02-30.

Where an overcurrent protective device is used the following condition shall be fulfilled:

Zs x 1< Uy

where:

/. is the impedance of the fault loop comprising:

the source,

the line conductor up to the point of the fault,

the protective conductor of each exposed-conductive-part,

the earthing conductor,

the earth electrode of the installation and the earth electrode of the source;

[, is the current causing the automatic operation of the-disconnecting device within the time
specified in Table A.2.

Fxception: a disconnection time not exceeding,"¥/s is permitted for circuits not covered by
Table A.2.

U, is the nominal AC or DC line to earth voltage.
The maximum disconnection times\stated in Table A.2 shall be applied to circuits nof

exceeding 32 A. Maximum disconnéection times shall not exceed 1 s for circuits 32 A on
greater.

Table A.2—~"Maximum disconnecting time for TT-systems

System 50V<U <120V 120V<U, <230V 230 V< U, <400V U,>400V
) S S S
AC DC AC DC AC DC AC DC
TT 0,3 NOTE 0,2 0,4 0,07 0,2 0,04 0,1

Where in TT systems the disconnection is achieved by an overcurrent protective device and all extraneous-
condusetive-parts will be connected to the protective bonding circuit, the maximum disconnection times specified
in Tlable A.1 may be used.

I/'U is the nominal AC or DC line to earth voltage

NOTE Disconnection can be required for reasons other than protection against electric shock.

A.2.3 Verification of protection by automatic disconnection of supply using a
residual current protective device

Fault protection in a TT system by automatic disconnection of supply using a residual current
protective device shall be verified by the following:

e inspection of the rated residual current for tripping value, and the disconnecting time value
of the residual current protective device, and
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e verification that the residual current protective device has been tested in accordance with
a relevant IEC standard, and

e inspection of the connections to the residual current protective device and protective
bonding circuit.

A.2.4 Measurement of the fault loop impedance (Z;)

Where measurement of the fault loop impedance is performed the measuring equipment
should comply with IEC 61557-3. The information about the accuracy of the measuring
FesUlts, and the procedures 1o be followed given In the documentation of the measuring
pquipment shall be considered.

The measurement shall be performed with the electrical equipment connected to a Supply of
between 99 % and 101 % the nominal frequency of the supply at the intended installation.

NOTE 1 Figure A.3 illustrates a typical arrangement for measuring the fault loop impedance on“a machine.

f it is not practicable for the motor to be connected during the test, thextwo line conductors
hot used in the test may be opened, for example, by removing fuses.

NOTE 2 Figure A.4 illustrates a typical arrangement for measuring the fault ldop“impedance when a power driveg
Bystem is used.

The measured value of the fault loop impedance shall be inaccordance with A.2.2.3.
NOTE 3 Information on the verification of performance of a residual current protective device and measurement o
earth fault loop impedance can be found in IEC 60364-6.

Machine

— = e em— s em— S — . e— s e— . —
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Figure A.3 — Typical arrangement for fault loop
impedance (Z;) measurement in TT systems
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The use of this enquiry form can facilitate an exchange of information between the user and
supplier on basic conditions and additional user requirements to enable suitable design,
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Annex B
(informative)

Enquiry form for the electrical equipment of machines

Bpplication and utilzation ol the elecirical equipment of the machine (see 4.71) particularhy
Wwhen the conditions on site can deviate from those generally expected.

Annex B can also serve as an internal checklist for serial manufactured machines.

Name of manufacturer/supplier

Name of end user

Tender/order number

Date

Type of machine

Type designation

Serial number

commercial or

1. Special conditions (see Clause 1)
a) Is the machine to be used in the open air? Yes/No If yes, specification
b) Will the machine use, process or produce Yes/No If yes, specification
explosive or flammable material?
c) Is the machine for use in potentially explosive or Yes/Na If yes, specification
flammable atmospheres?
d) Can the machine present special hazards when Yes/No If yes, specification
producing or consuming certain materials?
e) Is the machine for use in mines? Yes/No If yes, specification
2. Electrical supplies and related conditions\(see
4.3)
a) Anticipated voltage fluctuations (if mafe than
+10 %)
b) Anticipated frequency fluctuations’ (if more than Continuous Short time
+2 %)
c) Indicate possible future”changes in electrical
equipment that will require an increase in the
electrical supply requirements
d) Specify voltage,interruptions in supply if longer
than specified in Clause 4 where electrical
equipmentthas to maintain operation under such
conditions
3. Physical environment and operating conditions
(see 4.4)
a)/ Electromagnetic environment (see 4.4.2) Residential, Industrial

environment

light industrial
environment

Special EMC conditions or requirements

b) Ambient temperature range

c) Humidity range

d) Altitude

e) Special environmental conditions (for example
corrosive atmospheres, dust, wet environments)

f) Radiation

Vibration, shock
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h) Special installation and operation requirements (for
example flame-retardant cables and conductors)

i)  Transportation and storage (for example,
temperatures outside the range specified in 4.5)

k) restrictions related to size, weight or point load

4. Incoming electrical supplies

Specify for each source of supply:

a) Nominal voltage (V)

AC

DC

If AC, number of
phases

Frequency (Hz)

Value of the supply source impedance (Q) at the point
of connection to the electrical equipment

Prospective short-circuit current (kA r.m.s.) at the point
of connection to the electrical equipment (see also
item 2)

b) Type of distribution system (see IEC 60364-1)

TN (system with
one point directly
earthed, with a
protective
conductor (PE)
directly
connected to that
point); specify if
the earthed point
is the neutfral
point (centre of
the star)yor
another point

TTy(system with
oneJpoint directly
earthed but the
protective
conductor (PE) of
the machine not
connected to that
earth point of the
system)

IiM(system that is

not directly
earthed)
In the case of IT systems, is insulation monitoring/fault | Yes No
location to be provided by the supplier of the eléctrical
equipment?
c) Is the electrical equipment to be cofnécted to a Yes No
neutral (N) supply conductor? (See-5.1)
Maximum current (A) allowed
d) Supply disconnecting device
Is disconnection of the neutral (N) conductor required? | Yes No
Is a removable link fofidisconnecting the neutral (N) Yes No
required?
Type of supplywdisconnecting device to be provided
e) Cross&ectional area and material of external
protéctive (PE) conductor
f) s’an RCD provided in the installation? Yes/No If yes, type and

rated residual
operating current

5. Protection against electric shock (see Clause 6)

a) For which of the following classes of persons is
access to the interior of enclosures required during
normal operation of the equipment?

Electrically skilled
persons

Electrically
instructed persons

b) Are locks with removable keys to be provided for
securing the doors? (see 6.2.2)

Yes

No

Type of locking device

Basic lock unit (except key cylinder) to be supplied and
installed by

Key cylinder to be supplied and installed by
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a) Will the user or the supplier of the electrical
equipment provide supply conductors and the
overcurrent protection for the supply conductors?
(see 7.2.2)

Type and rating of overcurrent protective devices

b) Largest (kW) three-phase AC motor that may be
started direct-on-line

c) May the number of maotor aoverload detection

Yes

Na

de\;ices be reduced? (see 7.3.2)

d) Is overvoltage protection to be provided?

Yes/No

If yes, specification

7. Operation

For cableless control systems, specify the time delay
before automatic machine shutdown is initiated in the
absence of a valid signal.

8. Operator interface and machine-mounted
control devices (see Clause 10)

Special colour preferences (for example to align with
existing machinery):

Start

Stop

Other

9. Controlgear

Degree of protection of enclosures (see 11.3) or special
conditions:

10. Wiring practices (see Clause 13)

Is there a specific method of identification to be used
for the conductors? (see 13.2.1)

Yes

No

Type

11. Accessories and lighting (see Clause 15)

a) Is a particular type of socket-outlet required?

Yes

No

If yes, which type?

b) Where the machine is equipped with local lighting:

Highest
permissible
voltage (V)

If lighting circuit
voltage is not
obtained directly
from the power
supply, state
preferred voltage

12. Marking, warnings and reference designations
(see Clause 16)

a) Fungtional identification (see 16.3)

Specifications:

b), Vinscriptions/special markings

On electrical

In which language?

equipment?

c) Specific local regulations that must be complied
with

Yes

No

If yes, which one?

13. Technical documentation (see Clause 17)

a) Technical documentation (see 17.1)

On what media/

In which language?

File format?

b) Instructions for use (see 17.1)

On what media?

In which language?

File format?
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c) Size, location and purpose of ducts, open cable

trays or cable supports to be provided by the user
d) Indicate if special limitations on the size or weight | Maximum Maximum weight

affect the transport of a particular machine or dimensions

controlgear assemblies to the installation site:
e) In the case of specially built machines, is a Yes No

certificate of operating tests with the loaded

machine to be supplied?
f)  In the case of other machines, is a certificate of Yes No

Upb‘la‘lills ‘lypc testsomratoaded plU‘lU‘lpr
machine to be supplied?
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Annex C
(informative)

Examples of machines covered by this part of IEC 60204

The following list shows examples of machines whose electrical equipment should conform to
this part of IEC 60204. The list is not intended to be exhaustive but is consistent with the
Jefinition of machinery (3.1.40). This part of ITEC 60204 need not be applied to machines tha
are household and similar domestic appliances within the scope of the IEC 60335 series ‘of

Standards.

Metalworking machinery

o metal cutting machines

» metal forming machines

Plastics and rubber machinery

o injection moulding machines
o extrusion machines

o blow moulding machines

o thermoset moulding machines

o size reduction machines
Wood machinery

o woodworking machines
o laminating machines

o sawmill machines

Assembly machines

Material handling-machines

o robots
° conveyors
o transfer machines

o_{,storage and retrieval machines

Food machinery

e dough breaks
e mixing machines
e pie and tart machines

e meat processing,machines
Printing, paperand board machinery

e printing_machines

o finishing machines, guillotines, folders
e (reeling and slitting machines

o folder box gluing machines

e paper and board making machines
Inspecting/testing machinery

e co-ordinate measuring machines

e in-process gauging machines

Compressors

Packaging machinery

o palletizers/depalletizers

e wrapping and
machines

Textile machines

Refrigeration and air-conditioning machines

Laundry machines

Heating and ventilating machines

shrink-wrapping
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Leather/imitation leather and

footwear machinery

goods

e cutting and punching machines

e roughing, scouring, buffing, trimming and
brushing machines

o footwear moulding machines

lastina machines
~J

Construction and materials

machinery

building

e tunnelling machines

e concrete batching machines
e brick-making machines

and

e stone, ceramic

machines

glass-making

Hoisting machinery (see IEC 60204-32)

e Cranes

o hoists
Machinery for transportation of persons

o escalators

o ropeways for transportation of persons,
for example chairlifts, ski lifts

o passenger lifts

Power-operated doors

| eisure machinery

o fairground and amusement rides

Pumps

Agriculture and forestry machines

Transportable machinery

e wood working machines

¢ metal working machines
Mobile machinery

o lifting platforms
o fork lift trucks

e construction machines

Machines far hot metal processing

Tanning 'machinery

o multi-roller machines
e bandknife machines

e hydraulic tanning machines

Mining and quarrying machines

IEC 60204-1:2016 © IEC 2016
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Annex D
(informative)

Current-carrying capacity and overcurrent protection of
conductors and cables in the electrical equipment of machines

-

o
p

=

The purpose of this Annex A is to provide additional information on the selection of conductor
5izes where the conditions given for Table 6 (see Clause 12) have to be modified (see'hoteg
fo Table 6).

D.2 General operating conditions

D.2.1 Ambient air temperature

The current carrying capacity for PVC insulated conductors given.in Table 6 is related to an
ambient air temperature of +40 °C. For other ambient air temperatures, the correction factorg
pre given in Table D.1.

The correction factors for rubber insulated cables are given by the manufacturer.

Table D.1 — Correction factors

Ambient air temperature Correction factor

°C
40 1,00
45 0,91
50 0,82
55 0,71
60 0,58

NOTE The correction factors are derived from IEC 60364-5-52.

The maximum temperature under normal conditions for PVC 70 °C.

D.2.2 Methods of installation

n machines, the methods of conductor and cable installation between enclosures and
ndividual items of the equipment shown in Figure D.1 are assumed to be typical (the letters
uséd-are in accordance with IEC 60364-5-52):

— Method B1: using conduits (3.1.9) and cable trunking systems (3.1.6) for holding and
protecting conductors or single core cables;

— Method B2: same as B1 but used for multicore cables;

— Method C: multicore cables installed in free air, horizontal or vertical without gap
between cables on walls;

— Method E: multicore cables in free air, horizontal or vertical laid on open cable trays
(3.1.5).
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Figure D.1 — Methods of conductor and cable installation
independent of number of conductors/cables
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D.2.3 Grouping

Where more loaded conductors in cables or conductor pairs are installed, derate the values of
I,, given in Table 6 or by the manufacturer in accordance with Tables D.2 or D.3.

NOTE Circuits with I, < 30 % of I, need not be derated.

Table D.2 — Derating factors for I, for grouping

Methods-ofi Hation i B4+ N 3) N t loaded eabl
2 4 6 9

B1 (conductors or single core cables) and B2 0,80 0,65 0,57 0,50
(multicore cables)

C single layer with no gap between cables 0,85 0,75 0,72 0,70

F single layer on one perforated tray without gap 0,88 0,77 0,73 0,72
between cables

E as before but with 2 to 3 trays, with a vertical 0,86 0,76 0,71 0,66
spacing between each tray of 300 mm (see Note 4)

Control circuit pairs < 0,5mm2 independent of methods of 0,76 0,57 0,48 0,40

nstallation

NOTE 1 These factors are applicable to

- cables, all equally loaded, the circuit itself symmetrically loaded;

- groups of circuits of insulated conductors or cables having the samé,allowable maximum operating temperature
NOTE 2 The same factors are applied to

- groups of two or three single-core cables;

- multicore cables.

NOTE 3 Factors derived from IEC 60364-5-52:2009

NOTE 4 A perforated cable tray is a tray where the holes occupy more than 30 % of the area of the base
Derived from |IEC 60364-5-52:2009).

Table D.3 — Derating factors for I, for multicore cables up to 10 mm?

Number of loaded condutctors Conductors (> 1 mm?) Pairs
or pairs (see Note 3) (0,25 mm? to 0,75 mm?)
1 - 1,0
3 1,0 0,5
5 0,75 0,39
7 0,65 0,34
10 0,55 0,29
24 0,40 0,21

NOTE 1 Applicable to multicore cables with equally loaded conductars/pairs
NOTE 2 For grouping of multicore cables, see derating factors of Table D.2.

NOTE 3 Factors derived from IEC 60364-5-52:2009.
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D.2.4 Classification of conductors

Table D.4 — Classification of conductors

Class Description Use/application
1 Solid copper or aluminium conductors
Fixed installations
2 Stranded copper or aluminium conductors
5 Flexible stranded copper conductors Machine installations with presence of vibration;
connaction to mf\\ling parfc
6 Flexible stranded copper conductors conductors

that are more flexible than class 5 For frequent movements

NOTE Derived from IEC 60228.

D.3 Co-ordination between conductors and protective devices providing
overload protection

Figure D.2 illustrates the relationship between the parameters ‘of conductors and the
parameters of protective devices providing overload protection.

Design current /p Current carrying“capacity 7,

1,45 x I,
Parameters of
conductors
O A 4 4 A 4 >
< > IA
Acceptable range for
Parameters of tripping current I,
protective devices
Nominal eurrent or
currentisetting 7,
IEC

Figure D.2 — Parameters of conductors and protective devices

Correct protection of a cable requires that the operating characteristics of a protective device
for example® overcurrent protective device, motor overload protective device) protecting the
cable against overload satisfy the two following conditions:

where
I,, is the current for which the circuit is designed;

I, is the effective current-carrying capacity, in amperes, of the cable for continuous service
according to Table 6 for the particular installation conditions:

— temperature, derating of 7, see Table D.1;
— grouping, derating of I, see Table D.2;
— multicore cables, derating of /7 see Table D.3.
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I, is the nominal current of the protective device;

NOTE 1 For adjustable protective devices, the nominal current In is the current setting selected.
I, is the minimum current ensuring effective operation of the protective device within a
specified time (for example 1 h for protective devices up to 63 A).

The current 7, ensuring effective operation of the protective device is given in the product
standard or may be provided by the manufacturer.

NOTE 2 For motor circuit conductors, overload protection for conductor(s) can be provided by the overload
brotection for the motor(s) whereas the short-circuit protection is provided by short-circuit protective devices.

Where a device that provides both overload and short-circuit protection is used in accordance with Clause D73 fo
conductor overload protection, it does not ensure complete protection in all cases (for example overload with

Currents less than 12), nor will it necessarily result in an economical solution. Therefore, such a.device can bg
Lnsuitable where overloads with currents less than 12 are likely to occur.

D.4 Overcurrent protection of conductors

All conductors are required to be protected against overcurrent i(see 7.2) by protective
devices inserted in all live conductors so that any short-circuit curfent flowing in the cable ig
nterrupted before the conductor has reached the maximum allowable temperature.

NOTE Information on neutral conductors can be found in 7.2.3, third paragraph.

Table D.5 — Maximum allowable conductor temperatures
under normal and short-circuit conditions

Type of insulation Maximum temperature under Ultimate short-time conductor
normal‘conditions temperature under short-circuit
conditions 2)
°C °C
Polyvinyl chloride (PVC) 70 160
Rubber 60 200
Cross-linked polyethylene (XLPE) 90 250
Ethylene propylene compound 90 250
(EPR)
Silicone rubber (SiR) 180 350

NOTE For ultimate_sShort-time conductor temperatures greater than 200 °C, neither tinned nor bare copper
conductors are suitable. Silver-plated or nickel-plated copper conductors are suitable for use above 200 °C.

a) These values are based on the assumption of adiabatic behaviour for a period of not more than 5 s.

n practice, the requirements of 7.2 are fulfiled when the protective device at a current |
causes the interruption of the circuit within a time that in no case exceeds the time ¢ where
¢ <G’s.

The value of the time ¢ in seconds can be calculated using the following formula:

t = (k x S/I)2

where:

S is the cross-sectional area in square millimetres;

I is the effective short-circuit current in amperes expressed for AC as the r.m.s. value;

k is the factor shown for copper conductors when insulated with the following material:
PVC 115
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Rubber 141
SiR 132
XLPE 143
EPR 143

D.5 Effect of harmonic currents on balanced three-phase systems

A—ease—of—eiretits—feeding—single—phase—toads—with1tead—eurrent—ineluding—harmonies—th
heutral conductor of the circuit might be additionally loaded and a reduction of the currént
carrying capacity of that cable might be necessary. For reference see IEC 60364-5-52:2009

Annex E.
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Annex E
(informative)

Explanation of emergency operation functions

NOTE The concepts below are included here to give the reader an understanding of these terms even though in
this part of IEC 60204 only two of them are used.

» Emergency operation

Emergency operation includes separately or in combination:
— emergency stop;

— emergency start;

— emergency switching off;

— emergency switching on.

»  Emergency stop

An emergency operation intended to stop a process or a movement that has become
hazardous.

o Emergency start

An emergency operation intended to start a process ora, movement to remove or to avoid
a hazardous situation.

»  Emergency switching off

An emergency operation intended to switch effithe supply of electrical energy to all or 3
part of an installation where a risk of electficvshock or another risk of electrical origin is
involved.

»  Emergency switching on

An emergency operation intended 10 switch on the supply of electrical energy to a part of
an installation that is intended to.be used for emergency situations.
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Annex F
(informative)

Guide for the use of this part of IEC 60204

This part of IEC 60204 gives a large number of general requirements that may or may not be
applicable to the electrical equipment of a particular machine. A simple reference without any
fjuarification to the complete standard IEC 60Z04-T 1s therefore not suificient. Choices need 19
be made to cover all requirements of this part of IEC 60204. A technical committee preparing
A product family or a dedicated product standard (type C in ISO and CEN), and the supplier of
a8 machine for which no product family or dedicated product standard exists, should-usé thig
part of IEC 60204

p) by reference; and

b) by selection of the most appropriate option(s) from the requirements given in the relevant
clauses; and

c) by modification of certain clauses, as necessary, where the particular requirements for the
equipment of the machine are adequately covered by other rele:ant standards,

providing the options selected and the modifications made do fiet’adversely affect the level of
protection required for that machine according to the risk ass€ssment.

When applying the three principles a), b) and c) listed abeve, it is recommended that:

— reference be made to the relevant clauses and‘subclauses of this standard:
o that are complied with, indicating where‘televant the applicable option;

o that have been modified or extended for the specific machine or equipment
requirements; and

- reference be made directly to the' relevant standard, for those requirements for the
electrical equipment that are adequately covered by that standard.

Specific expertise can be necessary to:

- perform the necessary risk assessment of the machine;
- read and understand_all of the requirements of this part of IEC 60204;

- choose the applicable requirements from this part of IEC 60204 where alternatives are
given;

- identify alternative or additional particular requirements that differ from or are not included
in the requirements of this part of IEC 60204, and that are determined by the machine and
its use;»and

- specify precisely those particular requirements.

Figure 1 of this part of IEC 60204 is a block diagram of a typical machine and can be used as
the starting point of this task. It indicates the Clauses and Subclauses dealing with particular
requirements/equipment. However, this part of IEC 60204 is a complex document and
Table F.1 can help identify the application options for a particular machine and gives
reference to other relevant standards.
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Subject Clause or i) ii) iii) iv)
Subclause
Scope 1
General requirements 4 X ISO 12100
Selection of equipment 4.2.2 IEC 61439 series
Supply disconnecting (isolating) device 5.3
Excepted circuits 5.3.5 X X ISO 12100
Prevention of unexpected start-up, 54,55 X X X ISO 14118
isolation and 5.6
Protection against electric shock 6 X IEC 60364=4-41
Emergency operations 9.2.3.4 X X 1ISO 13850
Two-hand control 9.2.3.8 X 1ISO@.13851
Cableless control 9.2.4 X X IEC 62745
Control functions in the event of failure 1ISO 12100
9.4 X X X ISO 13849 (all parts)
IEC 62061
Position sensors 10.1.4 X X X 1ISO 14119
Colours and markings of operator 10.2. 10.3 IEC 60073
interface devices and 10.4 X X IEC 61310 (all parts)
Emergency stop 9.2.3.4.2 1ISO 13850
Emergency stop devices 10.7 IEC 60947-5-5
Emergency switching off devices 10.8 IEC 60364-5-53
Qontrolgear - prot'ection against 10.13,and X X X IEC 60529
ingress of contaminants, etc. 11.3
Identification of conductors 13.2 IEC 62491
Verification 18 IEC 60364-6
Additional user requirements Annex B
Fault protection in TN systems Annex A IEC 60364-4-41
(A1) X IEC 60364-6
Fault protection in TT.systems Annex A N IEC 60364-4-41
(A.2) IEC 60364-6

to:

i) selection from the measures given;
ii)» 'additional requirements;

iit) different requirements;

Clauses and«Subclauses of this part of IEC 60204 where action should be considered (shown by X) with respect

iv) examples of other standards that can be relevant.
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Annex G
(informative)

Comparison of typical conductor cross-sectional areas

Table G.1 provides a comparison of the conductor cross-sectional areas of the American Wire
Gauge (AWG) with square millimetres, square inches, and circular mils.

Table G.1 — Comparison of conductor sizes
DC resistance
Wire size Gauge No Cross-sectional area of copper at Circular mils
20 °C
mm? (AWG) mm? inches? Ohms per km
0,2 0,196 0,000 304 91,62 387
24 0,205 0,000 317 87,60 404
0,3 0,283 0,000 438 63,46 558
22 0,324 0,000 504 55,44 640
0,5 0,500 0,000 775 36,70 987
20 0,519 0,000 802 34,45 1020
0,75 0,750 0,001\162 24,80 1480
18 0,823 0,001 272 20,95 1620
1,0 1,000 0,001 550 18,20 1973
16 1,31 0,002 026 13,19 2 580
1,5 1,500 0,002 325 12,20 2 960
14 2,08 0,003 228 8,442 4110
2,5 2,500 0,003 875 7,56 4934
12 3,31 0,005 129 5,315 6 530
4 4,000 0,006 200 4,700 7 894
10 5,26 0,008 152 3,335 10 380
6 6,000 0,009 300 3,110 11 841
8 8,37 0,012 967 2,093 16 510
10 10,000 0,001 550 1,840 19 735
6 13,3 0,020 610 1,320 26 240
16 16,000 0,024 800 1,160 31576
4 21,1 0,032 780 0,829 5 41 740
25 25,000 0,038 800 0,734 0 49 338
2 33,6 0,052 100 0,521 1 66 360
35 35,000 0,054 200 0,529 0 69 073
1 42,4 0,065 700 0,413 9 83 690
50 47,000 0,072 800 0,391 0 92 756

The resistance for temperatures other than 20°C can be found using the formula:
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R=RI[1+0,00393 (- 20)]

where:
R1 is the resistance at 20 °C;
R is the resistance at a temperature °C.
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Annex H
(informative)

Measures to reduce the effects of electromagnetic influences

H.1 Definitions

FFor the purposes of Annex H only, the following terms and definitions apply.

H.1.1 apparatus

finished device or combination thereof made commercially available as a single“functiona
unit, intended for the end user and liable to generate electromagnetic disturbance, or the
performance of which is liable to be affected by such disturbance

H.1.2 fixed installation

particular combination of several types of apparatus and, where \@pplicable, other devices
which are assembled, installed and intended to be used permangently at a predefined location

H.2 General

This Annex H provides recommendations to improve” electromagnetic immunity and reduce
emission of electromagnetic disturbances.

For EMC purposes, electrical equipment forsmachinery is deemed to be either apparatus of
fixed installations. Where electrical safety,and electromagnetic compatibility result in different
Fequirements, electrical safety always has the higher priority.

Flectromagnetic Interference (ENM)’can disturb or damage process monitoring, control and
putomation systems. Currents due to lightning, switching operations, short-circuits and other
plectromagnetic phenomena can cause overvoltages and electromagnetic interference.

These effects can occur for example:

o where large conductive loops exist,

» where différent electrical wiring systems are installed in common routes, e.g. power
supply, communication, control or signal cables.

Cables_(carrying large currents with a high rate of change of current (di/dt) can induce
pvervaltages in other cables, which can influence or damage the connected electrica
Equipment.

H.3 Mitigation of electromagnetic interference (EMI)

H.3.1 General

Consideration should be given, in the design of the electrical equipment to the measures
described below for reducing the electromagnetic influences on electrical equipment.

Only electrical equipment which meets the requirements of the appropriate EMC standards, or
the EMC requirements of the relevant product standard, should be used.
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H.3.2 Measures to reduce EMI

The following measures reduce electromagnetic interference:

a)

b)

The installation of surge protection devices and/or filters for equipment sensitive to
electromagnetic influences is recommended to improve electromagnetic compatibility with
regard to conducted electromagnetic phenomena;

Conductive sheaths (e.g. armouring, screens) of cables should be bonded to the
protective bonding circuit;

0)

h)

)

K)

NOTE A good equipotential bonding of the components of the machine reduces the need for by-pass conductors.

Inductive loops should be avoided by selection of common routes for power, signal and
data circuits wiring while maintaining circuit separation in accordance with Clause H.4;

Power cables should be kept separate from signal or data cables;

Where it is necessary for power and signal or data cables to cross each other. they 'should
be crossed at right-angles;

Use of cables with concentric conductors to reduce currents induced into the protective
conductor;

Use of symmetrical multicore cables (e.g. screened cables containigg“separate protective
conductors) for the electrical connections between motors and converters;

Use of signal and data cables according to the EMC requireménts of the manufacturer’s
instructions;

Where screened signal or data cables are used, caresshould be taken to reduce current
flowing through the screens of signal cables, or datalecables, which are earthed. It can beg
necessary to install a by-pass conductor; see Figure H.1;

e mmmm 1 /

Figure-H.1— By-pass conductor for screen reinforcement

Equipotential\bonding connections should have an impedance as low as practicable by
being as short as practicable and where applicable braided to conduct higher frequencies;

If electronic equipment requires a reference voltage at about earth potential in order to
function correctly; this reference voltage is provided by the functional earthing conductor
Eor-equipment operating at high frequencies, the connections shall be kept as short as
practicable.

H.4 Separation and segregation of cables

Power cables and data cables which share the same route should be installed according to
the requirements of this Annex H.

Where no other information is available, then the cable separation distance between the
power and data cables should be in accordance with Table H.1 and Figure H.2.
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Table H.1 — Minimum separation distances using
metallic containment as illustrated in Figure H.2

Al
Separation without Mesh metallic Perforated metallic Solid metallic
metallic containment containment containment containment

IEC IEC IEG

> 200 mm > 150 mm > 100 mm 0 mm

@ Screening performance (DC-100 MHz) equivalent to welded mesh steel basket of mesh size
50 mm x 100 mm (excluding ladders). This screening performance is also achieved with steektray even if the
wall thickness is less than 1 mm and/or the evenly distributed perforated area is greater than 20 %.

Screening performance (DC-100 MHz) equivalent to steel tray of at least 1 mm wall thickness and no more
than 20 % evenly distributed perforated area. This screening performance is also achieved with screened
power cables.

No part of the cable within the metallic containment should be less than 10 mm«below the top of the metallic
containment.

Screening performance (DC-100 MHz) equivalent to a steel conduit ofcatleast 1 mm wall thickness.
Separation specified is in addition to that provided by any divider/screen.

The minimum separation requirement specified in Fable H.1 applies to the horizontal of
vertical separation between adjacent cable trays. or cable trunking systems. Where datg
cables and power supply cables are required&io cross and required minimum separation
cannot be maintained then the angle of their créssing should be maintained at 90 degrees on
pither side of the crossing for a distance no'less than the applicable minimum separation
Fequirement.

Figures H.2 and H.3 show examples ©f separation and segregation.
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For distances see Table H.1.
. = power supply cabling O =\auxiliary circuits

O = data cabling O = sensitive circuits (e.g. measurement)

Figure H.2 — Examples of vertical separation and segregation

FFor distances see Table H.1.

Figure H.3-- Examples of horizontal separation and segregation

|Usable space within the cable tray or cable trunking system should allow for an agreed
quantity of additional cables to be installed (see Annex B). The cable bundle height should be
ower than_the side-walls of the cable tray or cable trunking system, as shown in Figure H.4
below. The- overlapping lid of cable trunking systems improves the electromagnetiq
compatibility performance.

Fora U-shape cable tray, the magnetic field decreases near the two corners. For this reason
€eep side-watlsare preferred:
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Shading indicates
screening performance

Shading indicates
screening performance

Not recommended Not recommended

Recommended Recommended

CEraioon
e R IR e
Can tan)] AESAT$ AT E Qe T Q0

IEC

Figure H.4 — Cable arrangements in metal cable trays

Metal cable trays or cable trunking systems which are intended to provide electromagnetig
compatibility shall always be connected to the local equipotential bonding system at both
ends. For long distances, for example greater than &0 m, additional connections to the
pquipotential bonding system are recommended. All connections to the equipotential bonding
5ystem should have low impedance.

Where metal cable trays or cable trunking systems are constructed from several elements
care should be taken to ensure continuity by effective bonding between adjacent elements.

The shape of the metallic section should-achieve continuity of shielding throughout its length
All interconnections should have low.impedance; see Figure H.5.

a Non-conformant h *’ ‘
IEC
IEC

c Recommended

IEC

Figure H.5 — Connections between metal cable trays or cable trunking systems

Where metallic covers for metallic cable trunking systems are used, a cover over the full
length is preferred. If that is not possible, the covers should be connected to the cable tray at
least at both ends by short connections less than 10 cm, e.g. braided or mesh straps.
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Figure H.6 shows a metal cable tray crossing a wall at which a fire barrier is to be installed.
Where metal cable trays are required to be interrupted to pass through building structures, a
low impedance interconnection should be provided between the two metallic sections.
Regulations with respect to fire barriers take precedence over EMC considerations.

Non-conformant
IEC

Figure H.6 — Interruption of metal cable trays at fire barriers

H.5 Power supply of a machine by parallel sources

Where a machine is supplied with power by parallel sources, see IEC 60364-1.

H.6 Supply impedance where a Power Drive(System (PDS) is used

Connection of a PDS to too high a supply sourcevimpedance can lead to conducted emission
problems.
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Annex |

(informative)

Documentation / Information

A list of available standards applicable to documentation and information is provided in

Table I.1.

rief definitions of a set of Internationally standardized document kinds are given in the
publicly available database IEC 61355 DB (http://std.iec.ch/iec61355).

Table 1.1 — Documentation / Information that can be applicable

Type of information for the electrical
equipment

Recommended standard

Structuring principles

IEC 81346-1: Industrial systems, installations and
equipment and industrial products —(Structuring principles
and reference designations — Part{d; Basic rules

Structuring of documents

IEC 62023: Structuring of technical information and
documentation (see note)

Parts list

IEC 62027: Preparatioh_of‘object lists, including parts lists

List of documents

IEC 62027: Preparatjon of object lists, including parts lists

Specification of the properties of the electrical
equipment

IEC PAS 625694 Generic specification of information on
products — Part 1: Principles and methods

Instructions for handling, transportation and
storage

IEC 82079-1: Preparation of instructions for use —
Structuring, content and presentation — Part 1: General
principles and detailed requirements

Instructions for installation, erection, assembling
on site, dismantling, etc.

IEC 82079-1: Preparation of instructions for use —
Structuring, content and presentation — Part 1: General
principles and detailed requirements

Instructions for use

IEC 82079-1: Preparation of instructions for use —
Structuring, content and presentation — Part 1: General
principles and detailed requirements

Instructions for service and maintenance

IEC 82079-1: Preparation of instructions for use —
Structuring, content and presentation — Part 1: General
principles and detailed requirements

Reference desighations

IEC 81346-1: Industrial systems, installations and
equipment and industrial products — Structuring principles
and reference designations — Part 1: Basic rules

and

IEC 81346-2: Industrial systems, installations and
equipment and industrial products — Structuring principles
and reference designations — Part 2: Classification of
objects and codes for classes

Terminal designations

IEC 61666: Industrial systems, installations and equipment
and industrial products — Identification of terminals within a

SYSTEeTIT

Designations of cables and cores

IEC 62491: Industrial systems, installations and equipment
and industrial products — Labelling of cables and cores

Circuit diagrams

IEC 61082-1: Preparation of documents used in
electrotechnology — Part 1: Rules

Layout of equipment and overall dimensions

IEC 61082-1: Preparation of documents used in
electrotechnology — Part 1: Rules

Interconnection diagram, terminal list, cable list,
cable tray layout

IEC 61082-1: Preparation of documents used in
electrotechnology — Part 1: Rules

Spare parts list for a specified period

IEC 62027: Preparation of object lists, including parts lists

List of parameters (e.g. of converters)

(No standard exists)

IEC 60204-1:2016 © IEC 2016



http://std.iec.ch/iec61355
https://iecnorm.com/api/?name=87268c9e2b90cb52410a5fe4dcad251d

IEC 60204-1:2016 © IEC 2016 -131 -

Type of informati-on for the electrical Recommended standard
equipment

IEC 82079: Preparation of instructions for use — Structuring,
List of tools content and presentation — Part 1: General principles and
detailed requirements

IEC 62507-1: Identification systems enabling unambiguous
Identification systems information interchange — Requirements — Part 1: Principles
and methods

NOTE For simple equipment IEC 62023 allows all information to be contained within one single document.
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Bibliography

IEC 60034-5, Rotating electrical machines — Part 5: Degrees of protection provided by the
integral design of rotating electrical machines (IP code) — Classification

IEC 60034-11, Rotating electrical machines — Part 11: Thermal protection

IEC 60038:2009, /EC standard voltages

EC 60050, International Electrotechnical Vocabulary (available at
http://www.electropedia.org>)

EC 60073:2002, Basic and safety principles for man-machine interface, marking andg
identification — Coding principles for indicators and actuators

EC 60085, Electrical insulation — Thermal evaluation and designation

EC 60204-11:2000, Safety of machinery — Electrical equipment of. machines — Part 11
Requirements for HV equipment for voltages above 1 000 V a-c\*or 1500 V d.c. and not
pxceeding 36 kV

EC 60204-31:2013, Safety of machinery — Electrical equipment of machines — Part 31]
Particular safety and EMC requirements for sewing machines, units and systems

EC 60204-32:2008, Safety of machinery — Electrical equipment of machines — Part 32|
Requirements for hoisting machines

EC 60204-33:2009, Safety of machinery«~r Electrical equipment of machines — Part 33]
Requirements for semiconductor fabrication equipment

EC 60216 (all parts), Electrical insylating materials — Thermal endurance properties
EC 60228:2004, Conductors ofinsulated cables

EC 60269-1:2006, Low-Vvoeltage fuses — Part 1: General requirements

EC 60287 (all parts), Electric cables — Calculation of the current rating

EC 60320-1MAppliance couplers for household and similar general purposes —Part 1: Genera
requiremefits

EC 60332 (all parts), Tests on electric and optical fibre cables under fire conditions

Il

|l . S aYaVa VoV =i Ll b ) L
=C60ooo(armrparts), 17

ousehofdarnd-simitarefectricatappitances—Safety
IEC 60364 (all parts), Low-voltage electrical installations

IEC 60447:2004, Basic and safety principles for man-machine interface, marking and
identification — Actuating principles

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

IEC 60757:1983, Code for designation of colours
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IEC TR 60890, A method of temperature-rise verification of low-voltage switchgear and
controlgear assemblies by calculation

IEC 60909-0:2001, Short-circuit currents in three-phase a.c. systems — Part 0: Calculation of
currents

IEC TR 60909-1:2002, Short-circuit currents in three-phase a.c. systems — Part 1: Factors for
the calculation of short-circuit currents according to IEC 60909-0

EC 60947-1:2007, Low-voltage switchgear and controlgear — Part 1: General rules

EC 60947-4-1, Low-voltage switchgear and controlgear — Part 4-1: Contactors and miotor-
starters — Electromechanical contactors and motor-starters

EC 60947-5-2:2007, Low-voltage switchgear and controlgear — Part 5-2x _Control circuil
devices and switching elements — Proximity switches

EC 60947-5-8, Low-voltage switchgear and controlgear — Part 5-8; CGontrol circuit devices
and switching elements — Three-position enabling switches

EC 60947-7-1:2009, Low-voltage switchgear and controlgear — Part 7-1: Ancillary
pquipment — Terminal blocks for copper conductors

EC 61000-5-2:1997, Electromagnetic compatibility (EMC) — Part 5: Installation and mitigation
guidelines — Section 2: Earthing and cabling

EC 61000-6-1:2005, Electromagnetic compatibility (EMC) — Part 6-1: Generic standards]
mmunity for residential, commercial and light-industrial environments

EC 61000-6-2:2005, Electromagneticwéompatibility (EMC) — Part 6-2: Generic standards
mmunity for industrial environments

EC 61000-6-3:2006, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards
Fmission standard for residential, commercial and light-industrial environments

EC 61000-6-4:1997, Electromagnetic compatibility (EMC) — Part 6: Generic standards
Section 4: Emissionwstandard for industrial environments

EC 61082-1:2014, Preparation of documents used in electrotechnology — Part 1: Rules
EC 61084<(all parts), Cable trunking and ducting systems for electrical installations

EC®©1175, Industrial systems, installations and equipment and industrial products
PDesSignation of signals

IEC 61180 (all parts), High-voltage test techniques for low-voltage equipment

IEC TR 61200-53:1994, Electrical installation guide — Part 53: Selection and erection of
electrical equipment — Switchgear and controlgear

IEC 61355, Collection of standardized and established document kinds (available at
http://std.iec.ch/iec61355)

IEC 61496-1:2004, Safety of machinery — Electro-sensitive protective equipment — Part 1:
General requirements and tests
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IEC 61506, Industrial-process measurement and control — Documentation of application
software

IEC 61557 (all parts), Electrical safety in low voltage distribution systems up to 1 000 V a.c.
and 1500 V d.c. — Equipment for testing, measuring or monitoring of protective measures

IEC 61558-2-2, Safety of power transformers, power supplies, reactors and similar products —
Part 2-2: Particular requirements and tests for control transformers and power supplies
incorporating control transformers

EC 61558-2-16, Safety of transformers, reactors, power supply units and similar products fof
supply voltages up to 1 100 V — Part 2-16: Particular requirements and tests for switch mod¢
power supply units and transformers for switch mode power supply units

EC 61643-12:2008, Low-voltage surge protective devices — Part 12: Surge protective deviceg
connected to low-voltage power distribution systems — Selection and applicatien principles

EC 61666, Industrial systems, installations and equipment and industrial products -
dentification of terminals within a system

EC 61800 (all parts), Adjustable speed electrical power drive systems

EC TR 61912-1:2007, Low-voltage switchgear and controlgear — Overcurrent protective
devices — Part 1: Application of short-circuit ratings

EC 62020, Electrical accessories — Residual current monitors for household and similar uses
RCMs)

EC 62027:2011, Preparation of object lists,\nincluding parts lists
EC 62305-1:2010, Protection against\ightning — Part 1: General principles

EC 62305-4:2010, Protection sagainst lightning — Part 4: Electrical and electronic systems
within structures

EC 62491, Industrial systems, installations and equipment and industrial products — Labelling
pf cables and cores

EC 62507-1, (Identification systems enabling unambiguous information interchange -
Requirements\— Part 1: Principles and methods

EC 627452, Safety of machinery — Requirements for the interfacing of cableless controllers to
machinery

EC PAS 62569-1, Generic specification of Information om products — Part 1. Principies ana
methods

IEC 81346-1:2009, Industrial systems, installations and equipment and industrial products —
Structuring principles and reference designations — Part 1: Basic rules

IEC 81346-2:2009, Industrial systems, installations and equipment and industrial products —
Structuring principles and reference designations — Part 2: Classification of objects and codes
for classes

2 Under consideration.
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IEC 82079-1:2012, Preparation of instructions for use — Structuring, content and presentation
— Part 1: General principles and detailed requirements

IEC Guide 106:1996, Guide for specifying environmental conditions for equipment
performance rating

ISO 3864-1:2011, Graphical symbols — Safety colours and safety signs — Part 1. Design
principles for safety signs and safety markings

SO 7000:2014, Graphical symbols for use on equipment — Registered symbols

SO 12100:2010, Safety of machinery — General principles for design — Risk assessment andg
risk reduction

SO 13732-1, Ergonomics of the thermal environment — Methods for the assessment of human
responses to contact with surfaces — Part 1:Hot surfaces

SO 13851:2002, Safety of machinery — Two-hand control devices — Fthctional aspects ana
design principles

SO 14118:2000, Safety of machinery — Prevention of unexpected start-up

SO 14122-1:2001, Safety of machinery — Permanent méans of access to machinery — Part 1]
Choice of fixed means of access between two levels
SO 14122-1:2001/AMD1:2010

SO 14122-2:2001, Safety of machinery — Permanent means of access to machinery — Part 2.
Working platforms and walkways
SO 14122-2:2001/AMD1:2010

SO 14122-3:2001, Safety of machinery — Permanent means of access to machinery — Part 3]
Stairs, stepladders and guard-rails
SO 14122-3:2001/AMD1:2010

CENELEC HD 516 S2, Guide to use of low-voltage harmonized cables

FN 50160:2010, Voltage characteristics of electricity supplied by public electricity networksg
FN 50160:2010/AMD1:2015

UL 508A,UL_Standard for Safety for Industrial Control Panels, second Edition, 2013 revised
P014.

NFRA 79, Electrical Standard for Industrial Machinery, 2015 edition.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

, SECURITE DES MACHINES -
EQUIPEMENT ELECTRIQUE DES MACHINES -
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| a<Norme internationale IEC 60204-1 a été établie par le comité d'études 44 de I'lEC

Partie T EXigences generales
AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de, normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'EC).N'IEC a pouf
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines
de I'électricité et de I'électronique. A cet effet, 'I[EC — entre autres activités — (publie des Norme
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles a
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élabaration est confiée a de
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet’traité peut participer. Le
organisations internationales, gouvernementales et non gouvernementales, en laison avec I'lEC, participen
également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO)
selon des conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'l[EC concernant les questions techniques représentent, dans la mesurg
du possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEQ
intéressés sont représentés dans chaque comité d’études.

Les Publications de 'lEC se présentent sous la forme de recomipiandations internationales et sont agrééeq
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que I'lEG
s'assure de I'exactitude du contenu technique de ses publications; '|EC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation ou interprétation qui en est{faite par un quelconque utilisateur final.

Dans le but d'encourager l'uniformité internationale, fes €Comités nationaux de I'lEC s'engagent, dans toute I3
mesure possible, a appliquer de fagon transparente’les*Publications de I'lEC dans leurs publications nationaleg
et régionales. Toutes divergences entre toutes.Publications de I'lEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées-en termes clairs dans ces derniéres.

L’IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendantg
fournissent des services d'évaluation de\conformité et, dans certains secteurs, accédent aux marques d¢
conformité de I'lEC. L’'IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

Tous les utilisateurs doivent s'asslrer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne deit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou
mandataires, y compris ses-experts particuliers et les membres de ses comités d'études et des Comitéq
nationaux de I'lEC, pouf _tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre
dommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les fraig
de justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou d¢
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

L'attention est\attirée sur les références normatives citées dans cette publication. L'utilisation de publicationg
référencées ‘est obligatoire pour une application correcte de la présente publication.

L’attention—est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent fairg
I'objet\de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droitq
de_brevets et de ne pas avoir signalé leur existence.

ecurite des machines — ASpects electrotechniques.

Cette sixiéme édition annule et remplace la cinquieéme édition parue en 2005. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)
c)

exigences supplémentaires pour traiter des applications impliquant des systémes
d’entrainements électriques de puissance (PDS);

exigences révisées concernant la compatibilité électromagnétique (CEM);

clarification des exigences de protection contre les surintensités;
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d) exigences pour la détermination des caractéristiques du courant de court-circuit de
I'équipement électrique;

e) révision des exigences de liaisons de protection et la terminologie;

f) réorganisation et révision a I'Article 9, notamment les exigences relatives a la suppression
slre du couple du PDS, a I'arrét d'urgence, et a la protection du circuit de commande;

g) révision des symboles pour les organes de commande des appareils de commande;

h) révision des exigences sur la documentation technique;

Y IMiSE & jour _generate des—conditions Tatiomates —particutieres, des— TTormes et JES
références bibliographiques.

| e texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
44/765/FDIS 44/771/RVD

| e rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Une liste de toutes les parties de la série IEC 60204, publiées sous le titre général Securite
des machines — Equipement électrique des machines, peut étre consultée sur le site web de
'lEC.

| es différentes pratiques suivantes, a caractéré ymoins permanent, existent dans les pays
ndiqués ci-apreés:

4.3.1 Les caractéristiques de la tension:fournie par les réseaux de distribution publics
en Europe sont données dans I'EN 50160:2010.

5.1: Exception non admise (Etats-Unis).

6.1: Les schémas TN-C ne,sont pas autorisés dans les installations a basse tension

dans les batiments (Norvege).

b.2: Les bornes pour ‘e raccordement des conducteurs de mise a la terre pour des
raisons de protection peuvent étre identifiées par la couleur verte, les lettres “G’
ou “GR”, “GRD” ou “GND”, ou les mots “ground” ou "grounding" ou le symbole
graphique. IEC 60417-5019:2006-08 ou toute combinaison (Etats-Unis).

5.3.3 b), 13.4.5b)s18.2.1: Les schémas TT de puissance ne sont pas admis (Etats-Unis).

5.3.3, 18.2, Annexe A: Les schémas TN ne sont pas utilisés. Les schémas TT sont Ig
norme nationale (Japon).

5.3.3 b);~(L'utilisation de dispositifs différentiels résiduels avec un courant d¢
fonctionnement résiduel assigné de 1 A au maximum est obligatoire dans les
schémas TT, ces dispositifs servant de moyen de protection en cas de défaut par
une coupure automatique de l'alimentation (ltalie).

2.3 La coupure du conducteur neutre est obligatoire dans un schema TN-S (France e

Norvége).

7.2.3 Troisieme alinéa: la distribution d'un conducteur neutre dans un schéma IT n'est
pas admise (Etats-Unis et Norvege).

7.10: Pour I'évaluation des caractéristiques assignées en court-circuit, les exigences du
document UL 508A Supplement SB, peuvent étre utilisées (Etats-Unis).

8.2.2 Voir IEC 60364-5-54:2011, Annexe E, Liste des notes concernant certains pays.

9.1.2 La tension nominale maximale d'un circuit de commande en courant alternatif est
de 120 V (Etats-Unis).

12.2: Seuls les conducteurs a ame cablée sont admis sur les machines, sauf pour les

conducteurs massifs de section 0,2 mm’ dans les enveloppes (Etats-Unis).
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12.2: Le conducteur de circuit de puissance le plus faible admis sur les machines est de
0,82 mm2 (AWG 18) pour des conducteurs multifilaires ou dans les enveloppes
(Etats-Unis).

Tableau 5: La section est spécifiée dans la NFPA 79 en dimensions américaines (AWG)
(Etats-Unis). Voir Annexe G.

13.2.2 Pour le conducteur de protection, la couleur VERTE (avec ou sans bandes
JAUNES) est utilisée comme eéquivalent a la combinaison bicolore VERT-et-
JAUNE (Etats-Unis et Canada).

3.2.3 La couleur BLANT oU GRIS est UliliSee pour reperer 1es congucteurs neutres mig
a la terre au lieu de la couleur BLEU (Etats-Unis et Canada).

15.2.2 Premier alinéa: Valeur maximale entre conducteurs 150 V (Etats-Unis).

15.2.2 Deuxiéme alinéa, 5°™ tiret: Le courant assigné a pleine charge des circuits
d'éclairage ne dépasse pas 15 A (Etats-Unis).

16.4: Exigences de marquage de plaque signalétique (Etats-Unis).

A.2.2.2: La valeur maximale admissible de R, est réglementée (par{exemple, lorsque
U, =300 V, R, doit étre inférieure a 10 Q, lorsque U, 300 V, R, doit étrg
inférieure a 100 Q, U, est la tension phase-terre alternative nominale en volts (V
(Japon).

A.2.2.2: La valeur maximale admissible de R, est 83 Q (Pays-Bas).

| e comité a décidé que le contenu de cette publication ne€ sera pas modifié avant la date de
Stabilité indiquée sur le site web de I'lEC sous "http:#/ivebstore.iec.ch" dans les donnéeg
relatives a la publication recherchée. A cette date, la publication sera

* reconduite,

> supprimée,

» remplacée par une édition révisée, ou
P amendée.

IMPORTANT - Le logo "colour inside"” qui se trouve sur la page de couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme utiles a
une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

La présente partie de I''EC 60204 fournit les exigences et recommandations relatives a
I'équipement électrique des machines en vue d'améliorer:

— la sécurité des personnes et des biens;

— la cohérence de réponse des commandes;

— la facilité de fonctionnement et de la maintenance.

Pes préconisations complémentaires sur l'utilisation de la présente partie de I'lEC 60204 sont
données dans I'Annexe F.

| a Figure 1 est fournie en tant qu'aide pour la compréhension des relations™entre leg
différents éléments d'une machine et ses équipements associés. La Figure 1 est.un schéma
d'ensemble d'une machine type et de ses équipements associés représentant les diverg
Eléments de I'équipement électrique explicités dans la présente partie de [""EC 60204. Leg
chiffres entre parenthéses ( ) renvoient aux Articles et Paragraphes de la présente partie d¢g
'IEC 60204. La Figure 1 part du principe que la totalité des éléments pris'ensemble y comprig
es moyens de protection, outillages/auxiliaires, logiciels et la documentation constituent Ig
machine et que celle-ci ou plusieurs machines fonctionnant ensemble avec habituellement au
moins un niveau de supervision constituent une cellule ou un systeme de production.
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Panneaux d'avertissement,

Environnement désignation de I'élément Contéleur de
physique (Article 16) systeme/cellule
(4.4) . )
Documentation technique
(Article 17) L
Appareil de sectionnement de I'alimentation
(5.3)
Protection contre les chocs électriques
(Avrticle 6)
Protection de I'équipement
(Avrticle 7)
A"”‘(i”;?“"“ . N Borne de terre (PE)
’ (5-2) Liaison de
Circuit de protection données
(8.2)
Circuits de commande et fonctions de
commande
(Article 9)
Manoeuvres d'urgence
(Raccordement du (9.2.2.4) <
conducteur de Appareillage de commande
protection externe) (Article 11)
Accessoires et éclairage
(Article 15)
Conducteurs et J 7 Appareil
cables d'arrét d'urgence
(Article 12) 3 Y (10.7)
Pratiques de
cablage
(Article 13) Equipement de - € A“toma‘ebl <] 7€ o‘;g’tg‘;‘a”de
o commande moteur programmable :
Vérification (Article 10)
(Article 18)
Moyens de
Interface i
tect t
entrée/sortie <> pcrj?sf)géci)tﬂse
d'avertissement
Moteurs e
(Article 14) et < |
transducteurs Organes de commande
et capteurs

Matériel de traitement

IEC

Figure 1 — Schéma d'ensemble d’une machine type
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, SECURITE DES MACHINES -
EQUIPEMENT ELECTRIQUE DES MACHINES -

Partie 1: Exigences générales

Domaine d application

| a présente partie de I'lEC 60204 s'appliqgue aux équipements et systémes électriques
Electroniques et électroniques programmables des machines non portables a la\main en
fonctionnement y compris un groupe de machines fonctionnant ensemble d'une~maniére
coordonnée.

NOTE 1 La présente partie de I'lEC 60204 est une norme d'application et n'est pas destinée’a limiter ou inhibe
es progres technologiques.

NOTE 2 Dans la présente partie de I'lEC 60204, le terme électrique signifie\électrique, électronique e
Electronique programmable (c’est-a-dire qu'un équipement électrique signifie un équipement électrique
Electronique et électronique programmable).

NOTE 3 Dans le cadre de la présente partie de I'lEC 60204, le terméspersonne s'applique a n'importe que
ndividu et indique les personnes désignées et averties par l'utilisateur ot _son ou ses agents pour I'utilisation ou 14
maintenance de la machine concernée.

| 'équipement couvert par la présente partie de I'lEC 60204 commence au point de connexion
de I'alimentation a I'équipement électrique de la machine (voir 5.1).

NOTE 4 Les exigences concernant linstallation de\ I'alimentation électrique sont données dans la sérig
EC 60364.

| a présente partie de I'lEC 60204 est applicable a I'équipement électrique ou aux parties d¢
‘équipement électrique qui fonctionnent sous des tensions d'alimentation nominales ne
dépassant pas 1 000 V en courant*alternatif ou 1 500 V en courant continu et pour deg
fréquences nominales d'alimentation ne dépassant pas 200 Hz.

NOTE 5 Les informations sur I’équipement électrique ou les parties de I'’équipement électrique qui fonctionnen
Eous des tensions d'alimentatignaominales plus élevées peuvent étre consultées dans I'lEC 60204-11.

| a présente partie . de I'lEC 60204 ne couvre pas toutes les exigences (par exemple, Ig
protection, le verrouillage ou la commande) qui sont nécessaires ou exigées par d'autreg
hormes ou réglementations destinées a protéger les personnes contre des dangers autreg
que les dangers’ électriques. Chaque type de machine répond a des exigences propres &
prendre enscompte pour assurer la sécurité appropriée.

| a présente partie de I'lEC 60204 inclut spécifiquement, sans toutefois s’y limiter
'équipement électrique des machines telles que définies en 3.1.40.

NOTE 6 L'Annexe C donne une liste d'exemples de machines dont I'équipement électrique peut étre couvert par
la présente partie de I'lEC 60204.

La présente partie de I'lEC 60204 ne spécifie pas les exigences complémentaires et
particulieres qui peuvent s'appliquer a I'équipement électrique des machines qui, par
exemple:

— sont destinées a étre utilisées a l'air libre (c’est-a-dire a l'extérieur de batiments ou
d'autres structures de protection);

— utilisent, traitent ou produisent des matériaux potentiellement explosifs (par exemple de la
peinture ou de la sciure);
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— sont destinées a étre utilisées dans des atmosphéres explosibles ou potentiellement
inflammables;

— présentent des risques particuliers lors de la fabrication ou de [l'utilisation de certains
matériaux;

— sont destinées a étre utilisées dans les mines;
— sont des machines, unités ou systémes de couture (couverts par I'lEC 60204-31);
— sont des appareils de levage (couverts par I'lEC 60204-32).

Les circuits de puissance, dans lesquels |'énergie électrique est utilisée directement
comme outil de travail, sont exclus de la présente partie de I'lEC 60204.

P2 Références normatives

| es documents suivants sont cités en référence de maniére normative, en intégralité ou en
partie, dans le présent document et sont indispensables pour son application. Pour leg
références datées, seule I'édition citée s’applique. Pour les références non datées, la derniéerg
gdition du document de référence s’applique (y compris les éventuels"amendements).

EC 60034-1, Machines électriques tournantes — Partie 1: Caractéristiques assignées e
caractéristiques de fonctionnement

EC 60072 (toutes les parties), Dimensions et séries de\puissances des machines électriqueg
fournantes

EC 60309-1, Prises de courant pour usages industriels — Partie 1. Regles générales

EC 60364-1, Installations électriques a basse tension — Partie 1: Principes fondamentaux,
détermination des caractéristiques générales, définitions

EC 60364-4-41:2005, Installationszelectriques a basse tension — Partie 4-41: Protection pou
passurer la sécurité — Protection contre les chocs électriques

EC 60364-4-43:2008, Installations électriques a basse tension — Partie 4-43: Protection pou
assurer la sécurité — Protection contre les surintensités

EC 60364-5-52:2009; Installations électriques a basse tension — Partie 5-52: Choix et mise
en ceuvre des mateériels électriques — Canalisations

EC 60364-5-53:2001, Installations électriques des batiments — Partie 5-53: Choix et mise en
ceuvre des'matériels électriques — Sectionnement, coupure et commande
EC 60364-5-53:2001/AMD1:2002

EC'60364-5-54:2011, [nstallations électriques basse-tension — Partie 5-54: Choix et mise e
ceuvre des matériels électriques — Installations de mise a la terre et conducteurs de protection

IEC 60417, Symboles graphiques utilisables sur le matériel. Disponible a |'adresse:
http://www.graphical-symbols.info/equipment

IEC 60445:2010, 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 60529, Degrés de protection procurés par les enveloppes (Code IP)
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IEC 60664-1, Coordination de l'isolement des matériels dans les systemes (réseaux) a basse
tension — Partie 1: Principes, exigences et essais

IEC 60947-2, Appareillage a basse tension — Partie 2: Disjoncteurs

IEC 60947-3, Appareillage a basse tension — Partie 3: Interrupteurs, sectionneurs,
interrupteurs-sectionneurs et combinés-fusibles

commande
EC 60947-5-1:2003/AMD1:2009

EC 60947-5-5, Appareillage a basse tension — Partie 5-5: Appareils et /éléments deg
commutation pour circuits de commande — Appareil d'arrét d'urgence électrique\a accrochage
mécanique

EC 60947-6-2, Appareillage a basse tension — Partie 6-2: Matériels a’fonctions multiples —
Appareils (ou matériel) de connexion de commande de protection (ACPR)

EC 61140, Protection contre les chocs électriques — Aspects~communs aux installations el
aux matériels

EC 61310 (toutes les parties), Sécurité des machines—"Indication, marquage, manceuvre
EC 61439-1, Ensembles d'appareillage a basse tetision — Partie 1: Regles générales

EC 61558-1:2005, Sécurité des transformateurs, alimentations, bobines d’inductance el
produits analogues — Partie 1: Exigences générales et essais
EC 61558-1:2005/AMD1:2009

EC 61558-2-6, Sécurité des transformateurs, bobines d’inductance, blocs d'alimentation ef
produits analogues pour des tensions d’alimentation jusqu'a 1 100 V — Partie 2-6: Régleg
particulieres et essais pour<les transformateurs de sécurité et les blocs d'alimentation
fncorporant des transformateurs de sécurité

EC 61984, Connecteurs — Exigences de sécurité et essais
EC 62023, Structuration des informations et de la documentation techniques

EC 62064,/-Sécurité des machines — Sécurité fonctionnelle des systemes de commande
Electriqlies, électroniques et électroniques programmables relatifs a la sécurité

SO ,7010:2011, Symboles graphiques — Couleurs de sécurité et signaux de sécurité -

Sianav-de -sdouritd anroaistrés
R G e-Se6HHEe- e gSHEes

ISO 13849-1, Sécurité des machines — Parties des systemes de commande relatives a la
sécurité — Partie 1: Principes généraux de conception

ISO 13849-2, Sécurité des machines — Parties des systemes de commande relatives a la
sécurité — Partie 2: Validation

ISO 13850:2006, Sécurité des machines — Fonction d'arrét d’urgence — Principes de
conception
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3 Termes, définitions et abréviations

31 Termes et définitions

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

3.1.1
organe de commande
artie d'un appareil sur laguelle une action externe doit étre appliquée

Note 1 a l'article: L'organe de commande peut prendre la forme d’'une poignée, d’'un bouton, d’un beuton
boussoir, d’'une roulette, d’'un plongeur, etc.

Note 2 a l'article: Certains organes n'exigent pas d'effort extérieur, mais seulement une action, par-exemple leg
Ecrans tactiles.

Note 3 a I'article: Voir aussi 3.1.39.

3.1.2
température ambiante
température de l'air ou du milieu a I'emplacement ou le matériel doit étre utilisé

3.1.3

pbarriére

Elément assurant la protection contre les contacts ayvec) les parties actives dans toute
direction habituelle d'accés

3.1.4
protection principale
protection contre les chocs électriques en I'absence de défaut

Note 1 a I'article: Appelée précédemment “protection contre les contacts directs”.

[SOURCE: IEC 60050-195:1998, 195206-01, modifié — La note a été ajoutée.]

3.1.5

chemin de céables

fablette

support de cables constitué d'une base continue avec des rebords, mais ne comportant pag
de couvercle

Note 1 a l'article: AJn.chemin de cables peut étre perforé ou non perforé.

[SOURCE:.IEC 60050-826:2004, 826-15-08]

3.1.6

ystéme de goulottes

nsemble d'enveloppes fermées, munies d'un fond avec un couvercle amovible et destiné a Ia
proiection complete des conducieurs ISoles ou des cables

3.1.7
concomitant
agissant ou fonctionnant ensemble (mais pas nécessairement en synchronisme)

3.1.8

fil conducteur

barre conductrice

fil conducteur ou barre conductrice d'un réseau d'alimentation avec collecteur de courant
coulissant
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3.1.9

conduit

élément d'un systéme de canalisation fermé, de section droite circulaire ou non, destiné aux
conducteurs et/ou cables isolés dans les installations électriques

Note 1 a l'article: Il convient que les conduits soient suffisamment fermés de maniere que les conducteurs et/ou
les cables isolés puissent étre uniquement tirés et non insérés latéralement.

[SOURCE: IEC 60050-442:1998, 442-02-03, modifié — La définition a été modifiée et la note a

2té ajoutée ]

3.1.10

circuit de commande, <d’'une machine>

circuit utilisé pour la commande, y compris la surveillance, d'une machine et de I'équipement
Electrique

3.1.11

pppareil de commande

appareil raccordé au circuit de commande et servant a commander le¢fonctionnement de Ig
machine

FXEMPLE Capteur de position, auxiliaire manuel de commande, relais, contacteur ou électrodistributeur.

3.1.12

poste de commande

poste de commande opérateur

ensemble constitué par un ou plusieurs organes de commande (voir 3.1.1) fixés sur le méme
panneau ou situés dans la méme enveloppe

Note 1 a [l'article: Un poste de commande peut™aussi contenir des appareils associés, par exemple
botentiomeétres, lampes de signalisation, appareils de.mesure, dispositifs d'affichage, etc.

[SOURCE: IEC 60050-441:1984, 441<12-08, modifié — Le second terme privilégié a été
pjouté, le mot "auxiliaires" a été remplacé par "organes" dans la définition et la note a été
pjoutée.]

3.1.13

pppareillage de commande

pppareils de connexion(ef'leur combinaison avec des appareils de commande, de mesure, d¢
protection et de réglage qui leur sont associés, ainsi que les ensembles de tels appareilg
pvec les connexions, les accessoires, les enveloppes et les supports correspondants
destinés en pripcipe a la commande des appareils utilisateurs d'énergie électrique

[SOURCEZIEC 60050-441:1984, 441-11-03]

3.1.14
arfét-controlé
rrét du mouvement d'une machine en maintenant la puissance aux arganes de commande

durant la procédure d'arrét

3.1.15
contact direct
contact de personnes ou d'animaux domestiques ou d'élevage avec des parties actives

Note 1 a I'article: Voir 3.1.4.

[SOURCE: IEC 60050-826:2004,826-12-03, modifié — La note a été ajoutée.]
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3.1.16

mancuvre positive d'ouverture, <d'un élément de contact >

accomplissement de la séparation des contacts résultant directement d'un mouvement de
I'organe de commande et effectué au moyen de piéces non élastiques (par exemple, sans
I'intermédiaire de ressorts)

[SOURCE: IEC 60947-5-1:2003, K.2.2]

A.17

canalisation

canal fermé destiné expressément au support et a la protection de conducteurs, de cables.ef
de barres électriques

Note 1 a I'article: Les conduits (voir 3.1.9), les systémes de goulottes (voir 3.1.6) et les canaux enterpés sont deq
ypes de canalisations.

3.1.18

terre

terre locale

partie de la Terre en contact électrique avec une prise de terre, et dont le potentiel électrique
h'est pas nécessairement égal a zéro

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

3.1.19

zone de service électrique

ocal ou emplacement pour équipements électriques dont I'accés est destiné a étre restreint
pux personnes qualifiées ou averties, par ouverture d'une porte ou retrait d'une barriére, sang
'aide d'une clé ou d'un outil et qui est clairement marqué a l'aide de panneaux de mise en
garde appropriés

3.1.20

Bquipement électronique

partie d'un équipement électrique comprenant des circuits dépendants pour son
fonctionnement de dispositifs et,composants électroniques

3.1.21

pppareil d'arrét d'urgence

appareil pour circuittdde- commande manceuvré manuellement et utilisé pour provoquer un arréf
d’'urgence

Note 1 a 'articlen, -Voir 9.2.3.4.2.

[SOURCEMNSO 13850:2006, 3.2, modifié — La note a été ajoutée.]

3.14,22
pppareil de coupure d'urgence
appareil de commande manceuvré manuellement et destiné a couper I'alimentation électrique
ou a déclencher la coupure de I'alimentation électrique de tout ou partie d'une installation s'il
y a risque de choc électrique ou tout autre risque d'origine électrique

Note 1 a l'article: Voir 9.2.3.4.3.

3.1.23

zone fermée de service électrique

local ou emplacement pour équipements électriques dont I'accés est destiné a étre restreint
aux personnes qualifiées ou averties par l'utilisation d'une clé ou d'un outil permettant d'ouvrir
une porte ou de retirer une barriére, et qui est clairement marqué a l'aide de panneaux de
mise en garde appropriés
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3.1.24

enveloppe

élément procurant la protection des équipements contre certaines influences externes et,
dans toutes les directions, la protection principale comme protection contre les contacts
directs

Note 1 a l'article: La définition existante issue du VEI nécessite les explications suivantes dans le cadre du
domaine d'application de la présente partie de I'lEC 60204:

a) Les enveloppes assurent la protection de personnes ou d'animaux domestiques ou d'élevage contre |'accés

i ol
atcpartesaangereuSes:

b) Les barriéres, les formes des ouvertures, ou tout autre moyen approprié pour prévenir ou limiter la pénétration
des calibres d'essai spécifiés, soit fixés sur I'enveloppe, soit formés par I'appareillage sous enveloppé;\son
considérés comme faisant partie de I'enveloppe, sauf s'ils peuvent étre démontés sans I'aide d'une clé ou d'un
outil.

L) Une enveloppe peut étre:
— une armoire ou un coffret, monté sur la machine, ou séparé de la machine;

— un compartiment, constitué par un espace fermé dans la structure de la machine.

[SOURCE: IEC 60050-195:1998, 195-02-35, modifié — La définition a été,;modifiée.]

3.1.25

Bquipement électrique
Eléments utilisés dans le cadre d'une installation électrique (par les machines ou des partieg
de machines, par exemple, matériel, accessoires, dispositifs, composants, appareils
fixations, instruments et analogues

3.1.26

iaison équipotentielle
mise en ceuvre de liaisons électriques “{entre parties conductrices pour réaliser
'équipotentialité

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

3.1.27

partie conductrice accessible

masse, <dans une installation“électrique>
partie conductrice d'un_matériel électrique, susceptible d'étre touchée, et qui n'est pag
hormalement sous tension, mais qui peut le devenir dans des conditions de défaut

[SOURCE: IEC 60050-826:2004, 826-12-10, modifié — La définition a été modifiée.]

3.1.28

Elément conducteur étranger
partie conductrice ne faisant pas partie de l'installation électrique et susceptible d'introduire
un potentiel électrique, généralement celui d’'une terre locale

SOURCE:-IEC 60050-405-1009 105 NG 111
o e o O U T IO O OO

3.1.29
défaillance
cessation de I'aptitude d'un dispositif a accomplir une fonction requise

Note 1 a I'article: Aprés défaillance, le dispositif présente un défaut.

Note 2 a l'article: "Une "défaillance" est un passage d'un état a un autre, par opposition a une "panne", qui est un
état.

Note 3 a l'article: La notion de défaillance, telle qu'elle est définie, ne s'applique pas a un dispositif constitué
seulement de logiciel.
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Note 4 a l'article: En pratique, les termes panne et défaillance sont souvent utilisés comme synonymes.

[SOURCE: IEC 60050-191:1990,191-04-01]

3.1.30

panne

dérangement, <en télécommunication>

état d'une entité inapte a accomplir une fonction requise, non comprise l'inaptitude due a la
maintenance préventive ou a d’autres actions programmées, ou due a un manque de moyens

MiArioire
KtCTTreoTrs

Note 1 a I'article: Une panne est souvent la conséquence d'une défaillance de I'entité elle-méme, mais elle\peu
Exister sans défaillance préalable.

Note 2 a I'article: En anglais, le terme “fault” et sa définition sont identiques a ceux donnés dans I'TEC 600504
191:1990, 191-05-01. Dans le domaine des machines, le terme frangais “défaut” et le terme allemand*Fehler” son
Ltilisés en lieu et place des termes “panne” et “Fehlzustand” qui accompagnent cette définition,

3.1.31
protection en cas de défaut
protection contre les chocs électriques dans des conditions de premier défaut

Note 1 a I'article: Appelée précédemment “protection contre les contacts indirects”.

[SOURCE: IEC 60050-195:1998,195-06-02, modifié — La note‘a été ajoutée.]

3.1.32
iaison fonctionnelle
iaison équipotentielle nécessaire pour le fonctionnement correct de I'équipement électrique

3.1.33
danger
source potentielle de blessures physiques-ou d’atteinte a la santé

Note 1 a I'article: Le terme "danger" peut,étre qualifié de maniére a définir son origine (par exemple, dange
mécanique, danger électrique) ou la nature du dommage potentiel (par exemple, danger de choc électrique, dange
He coupure, danger d'intoxication, danger d'incendie).

Note 2 a I'article: Le danger enyisagé dans cette définition:

- ou bien est présent en(permanence pendant l'utilisation normale de la machine (par exemple, déplacemen
d'éléments mobiles dangefeux, arc électrique pendant une phase de soudage, mauvaise posture, émission dg
bruit, température élevée);

- ou bien peut apparaitre de maniére inattendue (par exemple, explosion, danger d'écrasement résultant d'ung
mise en marchejintempestive/inattendue, projection résultant d'une rupture, chute résultant d'une accélération
ou d'une décélération).

[SOURCESISO 12100:2010, 3.6, modifié — Le terme "phénoméne dangereux" a été remplacé
par "danger" dans la définition elle-méme et dans les notes et la Note 3 a été supprimée.]

3.4:34

contact indirect
contact de personnes ou d'animaux avec des parties conductrices accessibles mises sous
tension a la suite d'un défaut

Note 1 a l'article: Voir 3.1.31.

[SOURCE: IEC 60050-826:2004, 826-12-04, modifié — La définition a été modifiée.]

3.1.35

systéme d'alimentation par induction

systéme de transfert de puissance par induction comportant un dispositif convertisseur et un
dispositif conducteur, le long desquels un ou plusieurs détecteurs ou convertisseurs
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détecteurs associés peuvent se déplacer, sans aucun contact galvanique ou mécanique, afin
de transférer I'énergie électrique, par exemple a une machine mobile

Note 1 a l'article: Le dispositif conducteur et le détecteur sont analogues respectivement au primaire et au
secondaire d'un transformateur.

3.1.36
personne avertie, <en électricité>

personne suffisamment informée ou surveillée par une personne qualifiée en électricité pour
L pnrmnﬂrn de pnrm:n/nir les ricqnnc et d'éviter les dnngnre gue Ir_\nuf précnnfnr I'Slectricité

[SOURCE: IEC 60050-826:2004, 826-18-02, modifié — “une personne qualifiée en électticité’
p été utilisée pour remplacer “des personnes qualifiées en électricité”]

3.1.37
verrouillage
configuration de dispositifs qui interagissent pour:

o prévenir les situations dangereuses, ou
o prévenir tout dommage aux équipements ou matériaux, ou
o prévenir des manceuvres spécifiées, ou

» assurer des manceuvres correctes

3.1.38

partie active

fout conducteur ou partie conductrice destiné(e),a étre sous tension en service normal
ncluant un conducteur neutre, mais, par convention;, excluant un conducteur PEN

3.1.39

actionneur

mécanisme de puissance utilisé poursdnimer une machine (par exemple, moteur, solénoide
vérin pneumatique ou hydraulique)

3.1.40

machines

machine

ensemble de piéces ou'de composants liés entre eux, dont au moins un est mobile, auxquels
5ont associés les actionneurs et les circuits de commande et de puissance appropriés, réunig
de fagon solidairesen vue d'une application définie, notamment pour la transformation, Ie
fraitement, le déplacement ou le conditionnement d'un matériau

Note 1 a l'article? Le terme "machines" désigne aussi un ensemble de machines qui, afin de concourir a un mémse
Fésultat, sont{disposées et commandées de maniére a étre solidaires dans leur fonctionnement.

Note 2 aT"article: Le terme "composant" est employé ici au sens général et il ne fait pas seulement référence aux
Composants électriques.

SOURCE1SO 1210072010, 31, modifie — La definition a eté modifiee et fa Note 2 Tenvoyan
a une Annexe a été supprimée et remplacée par la présente Note 2 a I'article.]

3.1.41

marquage

signes ou inscriptions utilisés en premier lieu pour les besoins d'identification des
équipements, des composants et/ou des appareils
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3.1.42

conducteur (de) neutre

N

conducteur relié électriquement au point neutre et pouvant contribuer a la distribution de
I'énergie électrique

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

3.1.43

pbstacle
Elément empéchant un contact direct fortuit avec des parties actives, mais ne s'opposant’pasg
A un contact direct par une action délibérée

[SOURCE: IEC 60050-195:1998, 195-06-16, modifié — Les mots “de protection-(électrique)’
pnt été supprimés dans le terme.]

3.1.44
surintensité
courant supérieur a la valeur assignée

Note 1 a l'article: Pour des conducteurs, la valeur assignée est considéfee“comme étant égale au couran
pdmissible.

[SOURCE: IEC 60050-826:2004, 826-11-14, modifié — La-définition a été modifiée.]

3.1.45

surcharge d'un circuit
relation temps/courant dans un circuit supérieure a la pleine charge assignée du circuit
orsque ce dernier n'est pas en défaut

Note 1 a l'article: |l convient de ne pas utiliser le terme “surcharge” comme un synonyme de “surintensité”.

3.1.46

pnsemble fiche-prise

composant et composant adapté d'accouplement, appropriés pour terminer les conducteurs
destinés a la connexion ou a l[a-déconnexion de deux ou plusieurs conducteurs

Note 1 a l'article: Les enseimbles fiche-prise comprennent par exemple:
- les prises mobiles qui satisfont aux exigences de I'lEC 61984;
- une fiche et un socle de prise de courant, un prolongateur ou un connecteur conformément a I'lEC 60309-1;

- une fiche et UnJsocle de prise de courant conformément a I'lEC 60884-1 ou un connecteur conformément §
I'lEC 60320%1.

3.1.47

circuit-de puissance

circuit/qui transmet I'énergie aux éléments d'équipement utilisés pour le travail effectué par Ig
machine et aux transformateurs qui alimentent les circuits de commande

3.1.48

courant de court-circuit présumé

Icp

valeur efficace du courant qui circule lorsque les conducteurs d'alimentation de I'équipement
électrique sont court-circuités par un conducteur d'impédance négligeable placé aussi prés
que la pratique le permet des bornes d'alimentation de I’équipement électrique

[SOURCE: IEC 61439-1:2011, 3.8.7, modifié — “'ensemble” a été remplacé par “I'équipement
électrique”]
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3.1.49
liaison de protection
liaison équipotentielle destinée a la protection contre les chocs électriques

Note 1 a l'article: Les mesures destinées a protéger contre les chocs électriques peuvent aussi réduire le risque
de bralure ou d'incendie.

Note 2 a l'article: La liaison de protection peut étre réalisée a l'aide de conducteurs de protection et de
conducteurs de liaison de protection et par le branchement du conducteur des parties conductrices de la machine
et de ses équipements électriques.

3.1.50

circuit de protection

ensemble des conducteurs de protection et des parties conductrices raccordés ensemble afin
d'assurer la protection contre les chocs électriques en cas de défaut d'isolement

3.1.51

conducteur de protection

conducteur fournissant un chemin de courant de défaut primaire sdepuis les parties
conductrices accessibles de I’équipement électrique jusqu’a une borne de-mise a la terre (PE
de protection

3.1.52

redondance

utilisation de plusieurs dispositifs ou systémes, ou d'éléments d'un dispositif ou systéme
visant a garantir que si 'un d’eux est défaillant dans I'exécution de sa fonction, un autre est
disponible pour exécuter ladite fonction

3.1.53
désignation de référence
code distinctif servant a identifier un élément\dans la documentation et sur le matériel

3.1.54

risque

combinaison de la probabilité diuf’ dommage (c’est-a-dire une blessure physique ou une
ptteinte a la santé) et de la gravité de ce dommage

[SOURCE: ISO 12100:2010,°3.12, modifié — Le texte entre parenthéses a été ajouté.]

3.1.55

moyen de protection

protecteur ou dispositif de protection mis en place comme mesure de sécurité pour protéger
es personngs.contre un danger

[SOURCE: 1SO 12100:2010, 3.26, modifié — Les mots “mis en place comme mesure d¢
sécurite pour protéger les personnes contre un danger” ont été ajoutés.]

37156

protection

mesure de protection
mesure de prévention faisant appel a des moyens de protection pour préserver les personnes
des phénoménes dangereux qui ne peuvent raisonnablement étre éliminés, ou des risques qui
ne peuvent étre suffisamment réduits, par I'application de mesures de prévention intrinséque

[SOURCE: ISO 12100:2010, 3.21]

3.1.57

fonction de sécurité

fonction d'une machine dont la défaillance peut provoquer un accroissement immédiat du
(des) risque(s)
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[SOURCE: ISO 12100:2010, 3.30; IEC 62061:2005, 3.2.15]

3.1.58

plancher de service

niveau sur lequel se trouvent les personnes intervenant pour le fonctionnement ou la
maintenance de I'équipement électrique

3.1.59

courant de court-circuit
surintensité résultant d'un court-circuit dG a un défaut ou a un branchement incorrect dans un
circuit électrique

[SOURCE: IEC 60050-441:1984, 441-11-07]

3.1.60

courant de court-circuit assigné
valeur du courant de court-circuit présumé a laquelle I'équipement électrique peut résister
pendant la durée totale de fonctionnement (temps de coupure) du dispositif de protection
contre les courts-circuits (DPCC) dans des conditions spécifiées

[SOURCE: IEC 61439-1:2011, 3.8.10.4, modifié — Le mot anglais «rated» a été supprimé du
ferme et la référence aux "ensembles" a été supprimée de la @éfinition.]

3.1.61

personne qualifiée

personne qualifiée en électricité
personne ayant la formation, les connaissancesitéchniques et I'expérience appropriées pour
ui permettre de percevoir les risques et d'éviterdles dangers associés a I'électricité

[SOURCE: IEC 60050-826:2004, 826-18-01, modifié¢ — Les parenthéses ont été supprimées ef
es mots “les connaissances techniques® ont été ajoutés.]

3.1.62

fournisseur
entité (par exemple un fabricant, un maitre d'ceuvre, un installateur, un intégrateur) qui fournit
'appareillage ou les services associés a la machine

Note 1 a l'article: L’organisation d’'usagers peut aussi agir en tant que son propre fournisseur.

3.1.63

pppareil de connexion
pppareil destiné a établir et/ou a interrompre le courant dans un ou plusieurs circuitg
Electriques

Notell a l'article: Un appareil de connexion peut réaliser une de ces actions ou les deux.

3.1.64

arrét non controlé

arrét du mouvement d'une machine par suppression de la puissance électrique aux
actionneurs

Note 1 a l'article: Cette définition ne nécessite pas que les autres appareils d'arrét soient dans un état particulier,
par exemple les freins mécaniques ou hydrauliques.

3.1.65
utilisateur
entité qui utilise la machine et son équipement électrique associé
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3.2 Abréviations

AWG American Wire Gauge (Calibre américain des fils)

AC Alternating current (courant alternatif)

MEP Module d'entrainement principal

CCSs Cableless Control System (Systéeme de commande sans fil)

DC Direct current (courant continu)

CEM Compatibilité électromagnétique

M| Electro-Magnetic Interference (Brouillage électromagnétique)

FLS Insulation Fault Location System (Systéme de localisation des défauts d'isolement)
HM Interface homme-machine

PDS Power Drive System (Entrainement électrique de puissance)

TBTP Trés basse tension de protection

DDR Dispositif différentiel résiduel

SPD Surge Protective Devices (Parafoudres — Dispositifs de ‘protection contre les

surtensions)
DPCC Dispositif de protection contre les courts-circuits

TBTS Trés basse tension de sécurité
SLP Safely-Limited Position (Position limitée en toute.sécurité)
STO Safe Torque Off ("Suppression s(ire du couple)

4 Exigences générales

@1 Généralités

|_a présente norme spécifie les exigencés concernant I'équipement électrique des machines.

| es risques associés aux dangers“relatifs a I'équipement électrique doivent étre appréciég
dans le cadre des exigences globales pour I'appréciation du risque de la machine. Ceci:
- identifie la nécessité d'une réduction du risque; et
- détermine les réductions de risque adéquates; et
— détermine les mésures de protection nécessaires

pour les persoNnes qui peuvent étre exposées a ces dangers, tout en continuant a maintenir
un fonctionnément approprié de la machine et de ses équipements.

| es situations dangereuses peuvent étre dues, sans toutefois s’y limiter, aux situationg
Suivantes:

- “des défaillances ou des défauts de I'équipement électrique conduisant a la possibilité d
choc ou d'arc électrique ou de feu d'origine électrique;

— des défaillances ou des défauts dans les circuits de commande (ou les composants et
appareils associés a ces circuits) conduisant a un dysfonctionnement de la machine;

— des perturbations ou des interruptions dans les sources d'alimentation ainsi que des
défaillances ou des défauts dans les circuits de puissance conduisant a un
dysfonctionnement de la machine;

— une perte de continuité dans les circuits, par exemple les circuits qui dépendent de
contacts glissants ou roulants, qui peut conduire a une défaillance d'une fonction de
sécuriteé;
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— des perturbations électriques, par exemple, des perturbations électromagnétiques ou
électrostatiques en provenance de I'extérieur de I'équipement électrique ou générées de
fagon interne, et conduisant a un dysfonctionnement de la machine;

— un relachement d'énergie accumulée (électrique ou mécanique) conduisant a, par
exemple, un choc électrique, un mouvement inattendu qui peut provoquer une blessure;

— un bruit acoustique et des vibrations mécaniques d'un niveau tel qu'ils provoquent des
problémes de santé aux personnes;

— des températures de surface qui peuvent provoquer des blessures.

| es mesures de sécurité combinent les mesures prises au niveau de la conception et celles(3
mettre en ceuvre par l'utilisateur.

| e processus de conception et développement doit identifier les dangers et les risqueg
résultant de ceux-ci. Lorsque les dangers ne peuvent étre éliminés et/ou que les-fisques n¢g
peuvent étre suffisamment réduits par I'application de mesures de prévention-intrinséque, deg
mesures de protection (par exemple, la protection) doivent étre fournies .pour réduire I¢g
Fisque. Des dispositions complémentaires (par exemple, des moyens. de sensibilisation
doivent étre fournies si une réduction du risque plus importante est né¢essaire. De plus, deg
procédures de travail réduisant le risque peuvent étre nécessaires.

| est recommandé, lorsque l'utilisateur est connu, d'utiliser, ’Annexe B afin de faciliter
'échange d'informations entre I'utilisateur et le ou les fournisseurs concernant les conditiong
de base et les spécifications de ['utilisateur supplémentaires relatives a I'équipement
Electrique.

NOTE Ces spécifications supplémentaires peuvent:

- fournir les caractéristiques supplémentaires qui dépendent du type de machine (ou groupe de machines) et dg
I'application;

- faciliter la maintenance et la réparation; et

- améliorer la fiabilité et la facilité de fonctionnement.

E.Z Choix des équipements
.21 Généralités
|_es composants et apparejls-€électriques doivent:

— convenir a l'usage auquel ils sont destinés; et
- étre conformessaux normes correspondantes de I'lEC, lorsqu'elles existent; et

- étre utilisésconformément aux instructions du fournisseur.
B.2.2 Appareillage de connexion

Outre les’exigences de I'lEC 60204-1, selon la machine, I'usage auquel elle est destinée ef
son (équipement électrique, le concepteur peut choisir des parties de I'équipement électriqug
deda machine qui sont en conformité avec les parties appropriées de la série IEC 61439 (voir
aussitAmEXxEe 7

4.3 Alimentation électrique
4.31 Généralités

L'équipement électrique doit étre prévu pour fonctionner convenablement dans les conditions
d'alimentation:

— comme spécifié en 4.3.2 ou 4.3.3, ou

— comme spécifié autrement par I'utilisateur, ou

— comme spécifié par le fournisseur d'une source d'alimentation spéciale (voir 4.3.4).
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4.3.2 Alimentations en courant alternatif
Tension Tension permanente: 0,9 a 1,1 de la tension nominale.

Fréquence 0,99 a 1,01 de la valeur nominale en régime permanent;
0,98 a 1,02 sur une courte période.

Harmoniques Distorsion harmonique inférieure a 12 % de la tension efficace
totale entre conducteurs actifs pour la somme des harmoniques
de rang 2 a 30.

éséquilibre de tension Ni |a tension de la composante inverse, ni |a tension de |
composante d'alimentation triphasée homopolaire ne sonf
supérieures a 2 % de la tension de la composante directe.

Coupure de tension L'alimentation n’est pas coupée ou la tension ne tombe pas 3
zéro pendant plus de 3 ms a n'importe quel instant.du cycle
d'alimentation avec plus de 1s entre deux\/coupures
successives.

Creux de tension Les creux de tension ne dépassent pas 20-% de la tension
efficace de l'alimentation sur plus d'un cycle avec plus de 1 s
entre des creux successifs.

B#.3.3 Alimentations en courant continu

Par piles ou batteries:

Tension 0,85 a 1,15 de la tension n@minale.
0,7 a 1,2 de la tension\ nominale dans le cas de véhiculeg
électriques.

Coupure de tension Ne dépassant pas-5uns.

Par convertisseur:

Tension 0,9 a 1,1 defa tension nominale.

Coupure de tension Ne dépassant pas 20 ms avec plus de 1 s entre les coupures

successives.
NOTE Cela difféere du Guide 106 de MIEC afin de garantir un fonctionnement correct de I'équipement électronique,
Ondulation (de créte a créte) Ne dépassant pas 0,15 fois la tension nominale.

#.3.4 Systémes d'alimentation spéciaux

Pour des systémes' d’alimentation spéciaux (par exemple, générateurs embarqués, barre g
courant continu,)etc.), les limites données en 4.3.2 et 4.3.3 peuvent étre dépassées sous
réserve qued'dquipement soit congu pour fonctionner correctement dans ces conditions.

.4 _Environnement physique et conditions de fonctionnement

41 Généralités

L'équipement électrique doit convenir a ['utilisation dans I'environnement physique et les
conditions de fonctionnement de I'usage auquel il est destiné. Les exigences de 4.4.2 a 4.4.8
couvrent l'environnement physique et les conditions de fonctionnement de la plupart des
machines relevant de la présente partie de I'lEC 60204. Lorsque des conditions particuliéres
s'appliquent ou lorsque les limites spécifiées sont dépassées, un échange d'informations peut
étre nécessaire entre I'utilisateur et le fournisseur (voir 4.1).

4.4.2 Compatibilité électromagnétique (CEM)

L'équipement électrique ne doit pas engendrer de perturbations électromagnétiques de
niveaux supérieurs a ceux appropriés a son environnement de fonctionnement prévu. De plus,
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I'équipement électrique doit présenter un niveau d'immunité approprié aux perturbations
électromagnétiques de maniére a pouvoir fonctionner dans son environnement prévu.

Des essais d'immunité et/ou d'émission sont exigés pour I'équipement électrique a moins que
les conditions suivantes ne soient remplies:

e les dispositifs et les composants intégrés satisfont aux exigences CEM concernant
I'environnement de méme nature prévu, spécifiées dans la norme de produits
correspondante (ou une norme générique en l'absence de norme de produits), et;

o l'installation et le cablage électriques sont conformes aux instructions fournies par(le
fournisseur des dispositifs et des composants eu égard aux influences réciproques
(cablage, blindage, mise a la terre, etc.), ou a I'Annexe informative H si de’)telleg
instructions ne sont pas transmises par le fournisseur.

NOTE Les normes génériques de CEM telles que I'lEC 61000-6-1 ou I'lEC 61000-6-2 et I'|[EC-61000-6-3 oy
'IEC 61000-6-4 donnent les limites générales d'émission et d'immunité CEM.

#.4.3 Température de I'air ambiant

| 'équipement électrique doit pouvoir fonctionner correctement a jla“température de [ air
pmbiant prévue. Les exigences minimales pour tous les néquipements électriques
correspondent a un fonctionnement correct pour des températures de ['air ambiant 3
'extérieur d'enveloppes (armoire ou coffret) comprises entre +5¥€C et +40 °C.

#.4.4 Humidité

| 'équipement électrique doit pouvoir fonctionner cofrectement en présence d'une humidité
relative ne dépassant pas 50 % a une températurefnaximale de +40 °C. Une humidité relative
supérieure est admise pour des températures plus/faibles (par exemple, 90 % a 20 °C).

| es effets dommageables d'une condensation occasionnelle doivent étre évités par Ig
conception de I'équipement ou, si nécéssaire, par des mesures complémentaires (paf
exemple, le chauffage ou le conditionnement de [l'air, ainsi que des trous d'évacuation
ncorporeés).

B#.4.5 Altitude

| 'équipement électrique_doit pouvoir fonctionner correctement jusqu'a une altitude de 1 000 m
pu-dessus du niveau moyen de la mer.

Pour pouvoir utifiser I'équipement a des altitudes plus élevées, il est nécessaire de tenir
compte de la réduction de:

- la rigidite~diélectrique, et;

- le pouvoir de coupure des dispositifs, et;

- l'effet de refroidissement de l'air.

["est recommande de SollicIter I'avis du fabricant concernant Ies facieurs de cofrection a
appliquer lorsque ces facteurs ne sont pas spécifiés dans les données de produits.

4.4.6 Polluants

L'équipement électrique doit étre convenablement protégé contre la pénétration des corps
solides et des liquides (voir 11.3).

L'équipement électrique doit étre convenablement protégé contre les polluants (par exemple,
les poussiéres, les acides, les gaz corrosifs, les sels) qui peuvent étre présents dans
I'environnement physique dans lequel I'équipement électrique doit étre installé.
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4.4.7 Rayonnements ionisants et non ionisants

Dans le cas ou I'équipement est soumis a des rayonnements (par exemple, les micro-ondes,
les rayonnements ultraviolets, les lasers, les rayons X), des mesures complémentaires
doivent étre prises pour éviter un dysfonctionnement de I'équipement et la détérioration
acceélérée des isolants.

4.4.8 Vibrations, chocs et coups

Co UfotO ;IldéO;IGb:UO dUO v;blat;uno, uhuvo Ut LCUUMO (GUOO; b;UII yélléléo pdal :G Illﬂbh;llc <
50n équipement associé que créés par l'environnement physique) doivent étre évités par.dg
choix d'un équipement approprié, par son montage loin de la machine, ou par la misge en
place d'accessoires de montage antivibratoires.

B.5 Transport et stockage

| 'équipement électrique doit pouvoir, par conception ou grace a des mesures de précaution
ndéquates, supporter les effets de températures de transport et de stockage comprises entre
-25 °C et +55 °C, et pouvant atteindre +70 °C durant de courtes périodes inférieures a 24 h
PDes moyens adaptés doivent étre prévus pour prévenir les dommages dus a I'humidité, aux
vibrations et aux chocs.

NOTE Les cables isolés au PVC constituent un équipement électrique sensible aux dommages causés par leg
basses températures.

B.6 Dispositions pour la manutention

| es équipements électriques lourds et massifs quirdoivent étre désolidarisés de la maching
pour le transport, ou qui sont indépendants de Jcelle-ci, doivent étre équipés de moyeng
pdaptés pour la manutention, y compris, le.cas échéant, des moyens de manutention paf
grues ou équipement similaire.

b Bornes des conducteurs d'alimentation a I’arrivée et appareils de
sectionnement et de coupure

5.1 Bornes des conductetrs d'alimentation a I’arrivée

| orsque la pratique le péermet, il est recommandé de raccorder I'équipement électrique d'ung
machine a une source ‘d’alimentation unique. Si une autre alimentation est nécessaire pour
certaines parties denl'équipement (par exemple, un équipement électronique qui fonctionng
sous une tensignydifférente), il convient que cette alimentation soit autant que possible
dérivée d'appadreils (par exemple, des transformateurs, des convertisseurs) faisant partie de
'équipement électrique de la machine. Pour des machines complexes importantes, plusieurs
plimentations peuvent s'avérer nécessaires selon les dispositions locales d'alimentation (voir
5.3.1).

A {'exception des cas ou la machine est équipée d'une fiche de prise de courant pour le

Poliraantot:

accordement—a
d'alimentation se terminent aux bornes d'entrée de [I'appareil de sectionnement de
I'alimentation.

Si un conducteur neutre est utilisé, cela doit étre clairement indiqué dans la documentation
technique de la machine, par exemple dans le schéma d'installation et dans le schéma des
circuits, et une borne isolée particuliéere, étiquetée N conformément au 16.1, doit étre prévue
pour le conducteur neutre. La borne de neutre peut étre fournie comme partie intégrante de
I'appareil de sectionnement de I'alimentation.

Il ne doit pas y avoir de raccordement entre le conducteur neutre et le circuit de protection a
I'intérieur de I'équipement électrique.
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Exception: un raccordement peut étre effectué entre la borne de neutre et la borne PE au
point de raccordement de I'équipement électrique a un schéma d'alimentation TN-C.

Pour les machines alimentées par des sources paralléles, les exigences de I'lEC 60364-1
concernant les schémas a sources multiples s’appliquent.

Les bornes pour le raccordement de I'alimentation doivent étre clairement identifiées
conformément a I'lEC 60445. La borne du conducteur de protection externe doit étre identifiée
conformément au 5.2.

5.2 Borne pour le raccordement du conducteur de protection externe

Pour chaque source d'alimentation, une borne doit étre prévue dans le méme compartiment
que les bornes des conducteurs de phase associés pour le raccordement de lasmachine au
conducteur de protection externe.

|_a dimension de la borne doit étre suffisante pour permettre le raccordement d'un conducteur
de protection externe en cuivre de section déterminée par rapport-a’ la dimension des
conducteurs de phase associés conformément au Tableau 1.

Tableau 1 — Section minimale des conducteurs de protection en cuivre

Section des conducteurs de phase S Section minimale du conducteur de
protection-correspondant (PE) S»
mm?2 mm?
§<16 S
16 <§<35 16
S>35 S/2

| orsque le conducteur de protection extérne utilisé n'est pas en cuivre, la dimension et le type
de la borne doivent étre choisis en conséquence.

Pour chaque entrée d'alimentation, la borne de raccordement au conducteur de protection
externe doit étre identifiée\par un marquage ou étiquetée avec les lettres PE (voir
'I[EC 60445).

b.3  Appareil de sectionnement de I’alimentation
5.3.1 Généralités
Un appareilide sectionnement de I'alimentation doit étre fourni:

- pour.chaque source d'alimentation d'une (des) machine(s);

NOTE./L'alimentation peut étre raccordée a lI'appareil de sectionnement de ['alimentation de la maching
Hirectement ou a l'appareil de sectionnement de I'alimentation d'un réseau d'alimentation de cette méme machine
€S Teseaux oatmemntation peuvernt fciuTedes Tabtes conauctieurs, aes Dalres Lonuuurices, aes ernscempies d
bagues collectrices, des systémes de cables souples (sur tourets, en guirlandes) ou des systemes d'alimentation
par induction.

— pour chaque alimentation embarquée.

L’appareil de sectionnement de I'alimentation doit séparer sur demande I'équipement
électrique de la machine du réseau d'alimentation (par exemple, pour une intervention sur la
machine, y compris sur I'équipement électrique).

Lorsqu'il y a deux appareils de sectionnement ou plus, des verrouillages de protection pour
leur fonctionnement correct doivent aussi étre fournis afin d'empécher une situation
dangereuse, y compris un dommage a la machine ou aux travaux en cours.
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5.3.2 Type
L’appareil de sectionnement de I'alimentation doit étre I'un des types suivants:

a) un interrupteur-sectionneur, avec ou sans fusibles, conformément a I'lEC 60947-3, de
catégorie d'emploi AC-23B ou DC-23B;

b) un appareil de connexion de commande et de protection adapté au sectionnement,
conformément a I'lEC 60947-6-2;

c) un disjoncteur adapté au sectionnement conformément a I'lEC 60947-2;

() tout autre appareil de connexion conformément a une norme de produits IEC propre a cet
appareil et qui satisfait aux exigences de sectionnement et de catégorie d'emploi(et/ou
d'endurance spécifiée appropriées, définies dans la norme de produits;

E) un ensemble fiche-prise pour une alimentation par cable souple.
6.3.3 Exigences

| orsque I'appareil de sectionnement de I'alimentation est I'un des types spécifiés en 5.3.2 a
B d), il doit satisfaire a toutes les exigences suivantes:

- séparer I'équipement électrique de l'alimentation, et ne posséder qu'une position MISH
HORS TENSION (sectionné) et une position MISE SOUS TENSION, clairement repérées
par «O» et «I» (symboles IEC 60417-5008 (2002-10) et JEC”"60417-5007 (2002-10), voir
10.2.2);

- comporter une ouverture visible ou un indicateur.de position qui ne peut indiquer Ig
position MISE HORS TENSION (sectionné) que §i tous les contacts sont effectivement
ouverts et si les exigences pour la fonction de sectionnement ont été satisfaites;

- étre équipé d'un organe de manceuvre (voir,5:3:4);

- pouvoir étre verrouillé en position MISEXHORS TENSION (sectionné) (par exemple, §
I'aide de cadenas). Lorsqu'il est ainsi verfouillé, une fermeture a distance ou en local doit
étre empéchée;

- couper tous les conducteurs actifs” de son circuit d'alimentation. Cependant, dans leg
schémas d'alimentation TN, le>conducteur neutre peut ou peut ne pas étre commuté
excepté dans les pays pour lesquels la coupure du conducteur neutre (s'il est utilisé) est
obligatoire;

- avoir un pouvoir de_.coupure suffisant pour interrompre le courant du moteur le plug
puissant lorsque son~rotor est bloqué, ainsi que la somme des courants en marche
normale de tous <les autres moteurs et de toutes les autres charges. Le pouvoir de
coupure calculé.peut étre réduit en utilisant un facteur de diversité reconnu. Lorsque le ou
les moteurs_sont alimentés par un ou des convertisseurs ou des appareils similaires, i
convient que e calcul tienne compte de I'effet possible sur le pouvoir de coupure exigé.

| orsque_Iappareil de sectionnement de I'alimentation est un ensemble fiche-prise, il doif
Satisfaire.) aux exigences de 13.4.5 et doit disposer du pouvoir de coupure ou étre
nterverrouillé avec un appareil de connexion dont le pouvoir de coupure est suffisant pour
nterrompre le courant du moteur le plus puissant lorsque son rotor est bloqué, ainsi que I3
somme des courants en marche normale de tous les autres moteurs et de toutes les autre
charges. Le pouvoir de coupure calculé peut étre réduit en utilisant un facteur de diversité
reconnu. Lorsque Il'appareil de connexion verrouillé est manceuvré électriquement (par
exemple, un contacteur), il doit relever d’une catégorie d'emploi appropriée. Lorsque le ou les
moteurs sont alimentés par un ou des convertisseurs ou des appareils similaires, il convient
que le calcul tienne compte de I'effet possible sur le pouvoir de coupure exigé.

NOTE Une fiche et le socle de prise de courant approprié, un prolongateur ou un connecteur correctement
assignés, conformément a I'lEC 60309-1, peuvent satisfaire a ces exigences.

Lorsque I'appareil de sectionnement de I'alimentation est un ensemble fiche-prise, un appareil
de connexion de catégorie d'emploi appropriée doit étre prévu pour mettre la machine sous
tension ou hors tension. Ceci peut étre réalisé par l'emploi de l'appareil de connexion
verrouillé décrit ci-dessus.
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5.34 Moyens de manceuvre de I'appareil de sectionnement de I'alimentation

Les moyens de manceuvre (par exemple, une poignée) de I'appareil de sectionnement de
I'alimentation doivent étre externes a l'enveloppe de I'équipement électrique

Exception: il n'est pas nécessaire de prévoir une poignée sur un appareil de connexion a
manceuvre motorisée a l'extérieur de Il'enveloppe lorsqu'il existe d'autres moyens (par
exemple, boutons-poussoirs) pour ouvrir I'appareil de sectionnement de ['alimentation de
I'extérieur de I'enveloppe.

| es moyens de manceuvre de l'appareil de sectionnement de ['alimentation doivent @étre
faciles a atteindre et situés entre 0,6 m et 1,9 m au-dessus du plancher de service. Ung)limitg
Supérieure de 1,7 m est recommandée.

NOTE Le sens de manceuvre est donné dans I'lEC 61310-3.

| orsque les moyens de manceuvre externes sont destinés aux manceuyres d'urgence, se
reporter a 10.7.3 ou a 10.8.3.

| orsque les moyens de manceuvre externes ne sont pas destinés aux manceuvres d'urgence:

- il est recommandé qu'ils soient colorés en NOIR ou GRIS (vQir,10.2)

- un couvercle ou une porte supplémentaire qui peut étre-ouvert(e) aisément sans l'aide
d'une clé ou d'un outil peut étre fourni(e), par exemple, pour la protection contre les
conditions d’environnement ou les dommages mécaniques. Ce couvercle/cette porte doif
clairement indiquer qu'il/elle permet d'accéder auxymoyens de manceuvre. Ceci peut étreg
réalisé, par exemple, a l'aide du symbole IEC 60417-6169-1 (2012-08) (Figure 2) ou
IEC 60417-6169-2 (2012-08) (Figure 3) approprié.

I n
™

L J

Figure 2 — Sectionneur

NN

Figure 3 — Disjoncteur de sectionnement

538 Circui I

Il n'est pas nécessaire que l'appareil de sectionnement de I'alimentation coupe les circuits
suivants:

— les circuits d'éclairage alimentant des lampes nécessaires pendant les travaux de
maintenance ou de réparation;

— les circuits d'alimentation socles de prises de courant utilisés exclusivement pour
I'alimentation des matériels et outils de réparation et de maintenance (par exemple, les
perceuses a main, le matériel d'essai) (voir 15.1);

— les circuits de protection a minimum de tension prévus uniquement pour se déclencher
automatiquement lors d'une défaillance de l'alimentation;
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— les circuits alimentant I'équipement qu'il convient de laisser sous tension pour un
fonctionnement correct (par exemple, les appareils de mesure commandés par la
température, les appareils de chauffage et les dispositifs de stockage de programme).

Il est cependant recommandé d'équiper ces circuits avec leur propre appareil de
sectionnement.

Il n'est pas nécessaire que l|'appareil de sectionnement de l'alimentation de I'équipement
électrique coupe les circuits de commande alimentés via un autre appareil de sectionnement
et atmentation, mdgpendamment dufaitque tappareitdeSsectonmement estsitugedany
'équipement électrique ou dans une autre machine ou un autre équipement électrique.

| orsque les circuits exclus ne sont pas coupés par l'appareil de sectionnegment de
'alimentation:

- une ou des étiquettes d'avertissement permanentes doivent étre convenahlement placéeg
a proximité des moyens de manceuvre de l'appareil de sectionnement de I'alimentation
afin d'attirer I'attention sur le danger;

- une mention correspondante doit étre incluse dans le manuel de_madintenance et une ou
plusieurs des mesures suivantes doivent s'appliquer:

e les conducteurs sont identifiés par la couleur en‘-“prenant en compte les
recommandations de 13.2.4;

e les circuits exclus sont séparés des autres circuits;

e les circuits exclus sont identifiés par une ‘ou des étiquettes d'avertissement
permanentes.

5.4 Appareils de coupure de I'alimentationpour éviter un démarrage fortuit

Des appareils de coupure de l'alimentation,*pour éviter un démarrage fortuit doivent étre
prévus lorsque la mise en marche de la machine ou d'une partie de la machine peut créer un
danger (par exemple, au cours des opérations de maintenance). De tels appareils doivent
Etre appropriés et convenir a l'usage, auquel ils sont destinés, doivent étre convenablement
Situés, et étre aisément identifiables eu égard a leur fonction et leur objet. Lorsque leut
fonction et leur objet ne sont pas identifiés aisément par toute autre maniére (par exemple
par leur emplacement), ces appareils doivent comporter un marquage qui indique le degré de
coupure de |'alimentation.

NOTE 1 La présente partie de I'lEC 60204 ne donne pas toutes les dispositions pour empécher les démarragey
fortuits. D’autres dispositions sont données dans I'lSO 14118.

NOTE 2 La coupure-de l'alimentation signifie la suppression du raccordement a la source d'énergie électrique
mais n'implique pas-un sectionnement.

| 'appareil’de sectionnement de I'alimentation ou d'autres appareils conformes a 5.3.2 peuvent
Etre utilisés pour empécher les démarrages fortuits.

| es_sectionneurs, les fusibles débrochables et les liaisons démontables peuvent étre utiliség
OUT asSUurer une protection contre tes demarrages fortuits uniquement S'ifssont Situgs dan
une zone fermée de service électrique (voir 3.1.23).

Les appareils ne réalisant pas la fonction de sectionnement (par exemple, un contacteur
ouvert par un circuit de commande ou un entrainement électrique de puissance (PDS) avec
une fonction "Suppression slre du couple" (STO) conforme a I'lEC 61800-5-2) peuvent n’étre
employés que pour empécher les démarrages fortuits au cours de taches telles que:

— les inspections;

— les réglages;

— les travaux sur I'équipement électrique lorsque:

e il n'y a pas de danger lié aux chocs électriques (voir Article 6) et aux bralures;
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e les moyens de coupure restent efficaces pendant les travaux;

e le travail est de nature mineure (par exemple, le remplacement d'appareils
embrochables sans perturber le cablage existant).

Le choix d'un appareil dépend de l'appréciation du risque, en prenant en compte ['utilisation
prévue de l'appareil, et les personnes chargées de son utilisation.

5.5 Appareils de sectionnement pour I'équipement électrique

PDes appareils doivent étre fournis pour le sectionnement de I'équipement électrique ou d'ung
des) partie(s) de I’équipement électrique afin de rendre possible des interventions lorsqu'i
pst hors tension et sectionné. De tels appareils doivent étre:

- appropriés et convenir a l'usage auquel ils sont destinés;
- placés convenablement;

- aisément identifiables par la ou les parties ou circuits de I'équipement-desservi. Lorsque
leur fonction et leur objet ne sont pas identifiés aisément par toute. adtre maniére (paf
exemple, par leur emplacement), ces appareils doivent comporter un marquage qu
indique I'étendue de I'équipement qu'ils sectionnent.

| 'appareil de sectionnement de l'alimentation (voir 5.3) peut, dans’certains cas, remplir cette
fonction. Cependant, lorsqu'il est nécessaire d'intervenir sur)des parties individuelles de
'équipement électrique d'une machine, ou sur une des maghines alimentées par un collecteun
p barres, un céble conducteur ou un systéeme d'aliméntation par induction commun, un
appareil de sectionnement doit étre prévu pour chaqué partie, ou pour chaque machine
hécessitant un sectionnement séparé.

Fn complément a I'appareil de sectionnement/de l'alimentation, les appareils suivants qu
remplissent la fonction de sectionnement peuvent étre fournis pour satisfaire a ce besoin:

- les appareils décrits en 5.3.2;

- les sectionneurs, les fusibles débrochables et les liaisons démontables uniquement s'il§
sont situés dans une zone fermée de service électrique (voir 3.1.23) et les informations
appropriées sont fournies avec 1'équipement électrique (voir Article 17).

5.6 Protection contre une fermeture non autorisée, par inadvertance et/ou par erreur

| orsque les appareils (décrits en 5.4 et 5.5 sont situés a l'extérieur d'une zone fermée de
service électrique, ils’ doivent étre équipés de moyens pour les sécuriser en position MISH
HORS TENSION (état sectionné), (par exemple par des dispositions permettant la pose d'un
cadenas, ou un-vefrouillage par clé captive). Lorsqu'ils sont ainsi sécurisés, la reconnexion §
distance aussi bien qu'en local doit étre empéchée.

| orsque les appareils décrits en 5.4 et 5.5 sont situés a l'intérieur d'une zone fermée d¢
service—electrique, d'autres moyens de protection contre la reconnexion (par exemple
ptiguettes d'avertissement) peuvent s'avérer suffisants.

Cependant, lorsqu'un ensemble fiche-prise utilisé selon 5.3.2 e) est situé de maniere a
pouvoir étre maintenu sous la surveillance directe de I'opérateur, il n’est pas nécessaire de
prévoir des moyens de sécurisation a I'état sectionné.

6 Protection contre les chocs électriques

6.1 Généralités

L'équipement électrique doit assurer la protection des personnes contre les chocs électriques
par:

— une protection principale (voir 6.2 et 6.4), ef;
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— une protection en cas de défaut (voir 6.3 et 6.4).

Les mesures de protection données en 6.2, 6.3 et, dans le cas de la TBTP, en 6.4, sont
sélectionnées dans I'lEC 60364-4-41. Lorsque ces mesures ne sont pas applicables, par
exemple, en raison des conditions physiques ou des conditions de fonctionnement, d'autres
mesures de I'lEC 60364-4-41 peuvent étre utilisées (par exemple, la TBTS).

6.2 Protection principale

6-2-' Géllélalités

Pour chaque circuit ou chaque partie de I'équipement électrique, les mesures définies soit ‘en
£.2.2, soit en 6.2.3, et, le cas échéant, en 6.2.4 doivent étre appliquées.

- xception: Lorsque ces mesures ne sont pas appropriées, d'autres mesures pourjlaprotection
principale (par exemple, par l'utilisation de barriéres de protection, par mise hors_de portée ou
par la mise en place d'obstacles, par des techniques de construction ‘ou d'installation
empéchant l'acces) telles que définies dans I'lEC 60364-4-41 peuvent étre’ appliquées (voir
pussi 6.2.5 et 6.2.6).

| orsque I'équipement est situé dans des emplacements ouverts a~toute personne, ce qui peut
nclure des enfants, les mesures de 6.2.2 avec un degré mjnimal de protection contre les
contacts avec les parties actives correspondant a IP4X ou (IRXXD (voir I'lEC 60529), ou d€
£.2.3 doivent étre appliquées.

6.2.2 Protection au moyen d'enveloppes

| es parties actives doivent étre placées a l'intéfieur d'enveloppes qui assurent un degré de
protection contre les contacts avec les parties actives d'au moins IP2X ou IPXXB (voir
'l[EC 60529).

| orsque le dessus de l'enveloppe est{aisément accessible, le degré minimal de protection
contre les contacts avec les parties actives assuré par le dessus de I'enveloppe doit étre IP4X
pu IPXXD.

| 'ouverture d'une enveloppg (c¢'est-a-dire I'ouverture des portes, des couvercles, des plaques
de fermeture, et équivalent) ,ne doit étre possible qu'a une des conditions suivantes:

p) La nécessité d'utiliser une clé ou un outil pour 'accés.

NOTE 1 L'utilisation*d'une clé ou d'un outil est destinée a restreindre l'acceés aux personnes qualifiées ou
averties (voir 17,2 f)).

Toutes les .parties actives (y compris celles situées a l'intérieur des portes) qui sont
susceptibles d'étre touchées lors du réarmement ou de I'ajustement des appareils prévus
pourrde telles opérations alors que l'équipement est encore connecté, doivent étre
pretegées contre les contacts avec un degré minimal de protection de IP2X ou IPXXB. Les
autres parties actives situées a l'intérieur des portes doivent étre protégées contre les
contacts directs involontaires avec un degré minimal de protection de IP1X ou IPXXA.

b) Le sectionnement des parties actives situées a l'intérieur de I'enveloppe avant que
I’enveloppe ne puisse étre ouverte.

Cette mesure peut étre réalisée par l'interverrouillage de la porte avec un appareil de
sectionnement (par exemple, I'appareil de sectionnement de I'alimentation) de telle fagon
que la porte ne puisse étre ouverte que lorsque I'appareil de sectionnement est ouvert, et
que I'appareil de sectionnement ne puisse étre fermé que lorsque la porte est fermée.

Exception: une clé ou un outil, correspondant aux exigences du fournisseur, peut
permettre de neutraliser le verrouillage a condition de satisfaire aux conditions suivantes:

— qu'il soit toujours possible d'ouvrir 'appareil de sectionnement alors que le verrouillage
est neutralisé, et de verrouiller 'appareil de sectionnement en position MISE HORS
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TENSION ou d'empécher par un autre moyen la fermeture non autorisée de I'appareil
de sectionnement;

— que le verrouillage soit automatiquement remis en service a la fermeture de la porte;

— que toutes les parties actives, y compris celles situées a l'intérieur des portes, qui sont
susceptibles d'étre touchées lors du réarmement ou de l'ajustement des appareils
prévus pour de telles opérations alors que I'équipement est encore connecté, soient
protégées contre les contacts involontaires avec les parties actives avec un degré
minimal de protection de IP2X ou IPXXB, et que les autres parties actives situées a

intérieur es nortes aient un eqré minima e _nrotection contre les contac
I'int d t t d Ld tect t | tact
g ) g

involontaires de IP1X ou IPXXA.

— que les informations appropriées concernant les procédures de neutralisation) du
verrouillage soient fournies avec les instructions d'emploi de I'équipement électrique
(voir Article 17).

— que des moyens soient fournis pour restreindre I'accés des personnes‘qualifiées ou
averties aux parties actives derriére les portes non directement verrauillées avec des
moyens de sectionnement. (Voir 17.2 b)).

Toutes les parties qui restent actives aprés la coupure du ou des appafeils de sectionnement
voir 5.3.5) doivent étre protégées contre les contacts directs avec un degré minimal de
protection de IP2X ou IPXXB (voir I'lEC 60529). Ces parties doivent’‘comporter un panneau d¢
mise en garde conforme au 16.2.1 (voir aussi 13.2.4 pour l'identification des conducteurs pat
a couleur), sauf:

— les parties qui ne peuvent étre actives que par ufie liaison aux circuits de verrouillage
et qui sont identifiées par la couleur comme pétentiellement actives conformément ad
13.2.4;

— les bornes d'alimentation de I'appareil dé _sectionnement de I'alimentation lorsque ce
dernier est monté seul dans une enveloppe séparée.

C) L'ouverture sans I'utilisation d'une clé ‘ow d'un outil et sans le sectionnement des partieg
actives ne doit étre possible que lorsque toutes les parties actives comportent un degré
minimal de protection contre les *contacts de IP2X ou IP2XXB (voir I'lEC 60529). Les
barrieres de protection assuranticette protection doivent soit nécessiter I'utilisation d'un
outil pour leur démontage, soitentrainer automatiquement le sectionnement de toutes les
parties actives qu'elles protégent lors de leur suppression. Lorsque la protection contre
les contacts est réalisée, conformément a 6.2.2 c¢) et qu'un danger peut étre provoqué par
une manceuvre manuelle des appareils (par exemple, la fermeture manuelle des
contacteurs ou des(relais), il convient d’empécher une telle manceuvre par des barrieres
de protection ou des obstacles nécessitant un outil pour leur démontage.

6.2.3 Protection par isolant des parties actives

| es parties<actives protégées par isolant doivent étre complétement recouvertes d'un isolant
qui ne peut-étre enlevé que par destruction. Cet isolant doit présenter une résistance aux
contraintes mécaniques, chimiques, électriques et thermiques auxquelles il peut étre soumis
dans-les conditions normales de fonctionnement.
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pouvant assurer une protection contre les chocs électriques dans les conditions normales de fonctionnement.

6.2.4 Protection contre les tensions résiduelles

Les parties actives dont la tension résiduelle est supérieure a 60 V en cas de coupure de
I'alimentation doivent étre déchargées jusqu'a 60 V ou moins, en moins de 5 s sous réserve
que ce taux de décharge ne perturbe pas le bon fonctionnement de I'équipement. Cette
exigence ne s'applique pas aux composants de capacité 60 uC, ou moins. Lorsque le taux de
décharge spécifié perturbe le bon fonctionnement de I'équipement, un avis de mise en garde
durable qui attire I'attention sur le danger, et indique le délai a respecter avant de pouvoir
ouvrir I'enveloppe, doit étre placé dans un endroit aisément visible ou a proximité immédiate
de lI'enveloppe contenant les parties actives.
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Dans le cas de fiches ou d'appareils similaires dont le retrait se traduit par I'exposition de
conducteurs (par exemple, des broches), le temps de décharge a une tension de 60 V ne doit
pas dépasser 1 s, sinon ces conducteurs doivent présenter un degré minimal de protection
contre les contacts de IP2X ou IPXXB. Si ni un temps de décharge de 1s, ni un degré
minimal de protection de IP2X ou IPXXB ne peuvent étre obtenus (par exemple, dans le cas
de collecteurs démontables sur les cables conducteurs, sur les barres conductrices ou sur les
ensembles de bagues collectrices, voir 12.7.4), des appareils de connexion supplémentaires
ou un dispositif d’avertissement approprié, par exemple un panneau de mise en garde qui
attire I'attention sur le danger et indique le délai a respecter, doivent étre fournis. Lorsque
‘egtHpementestsitue—dans—des—empltacements—owverts—ateute-persenne—ce—quipeutinelure
des enfants, les mises en garde sont insuffisantes et un degré minimal de protection contre
es contacts avec les parties actives correspondant a IP4X ou IPXXD est par conséquent
EXige.

NOTE Généralement, le temps de décharge des convertisseurs de fréquence et des alimentations de barreq
bmnibus a courant continu peut étre supérieur a 5 s.

6.2.5 Protection par barriéres

Pour la protection par barriéres, les exigences de I'lEC 60364-4-41 doivent s’appliquer.

6.2.6 Protection par mise hors de portée ou protection par'mise en place d'obstacles

Pour la protection par mise hors de portée, les exigences de I'lEC 60364-4-41 doivent
5’appliquer. Pour la protection par mise en place d'obstacles), les exigences de I'lEC 60364-4
11 doivent s’appliquer.

Pour les systémes a cables conducteurs ou a barres conductrices dont le degré de protection
est inférieur a IP2X ou IPXXB, voir 12.7.1.

6.3 Protection en cas de défaut
6.3.1 Généralités

| a protection en cas de défaut (3¢31) est destinée a empécher les situations dangereuses
dues a un défaut d'isolement entre les parties actives et les masses.

Pour chaque circuit ou: partie de I'équipement électrique, au moins une des mesureg
conformes a 6.3.2 a 6.3.3'doit étre appliquée:

- des mesures pourempécher I'apparition d'une tension de contact (6.3.2); ou

- la coupure @utomatique de I'alimentation avant que la durée de contact avec une tension
de contact.ne devienne dangereuse (6.3.3).

NOTE 1 ,e‘risque des effets physiologiques dommageables liés a une tension de contact dépend de la valeur d¢g
a tension'de contact et de la durée de I’exposition possible.

NOTE-2 L’IEC 61140 fournit des informations sur les classes de matériels et les dispositions de protection.

6.3.2 Prévention contre I'apparition d'une tension de contact
6.3.2.1 Généralités

Les mesures pour empécher I'apparition d'une tension de contact comprennent les mesures
suivantes:

— l'utilisation de matériels de classe |l ou d'isolation équivalente;

— la séparation électrique.
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6.3.2.2 Protection par I'emploi de matériels de classe Il ou par isolation équivalente

Cette mesure est destinée a empécher I'apparition de tensions de contact sur les parties
accessibles en cas de défaut de l'isolation principale.

Cette protection est obtenue par un ou plusieurs des moyens suivants:

— des matériels ou appareils électriques de classe Il (double isolation, isolation renforcée ou
équivalente conformément a I'lEC 61140);

- des ensembles d'appareillage possédant une isolation totale conforme a I'lEC 61439-1;

- une isolation supplémentaire ou une isolation renforcée conforme a I'lEC 60364-4-41¢
6.3.2.3 Protection par séparation électrique

| a séparation électrique d'un circuit individuel est destinée a empécher desSstensions de
contact résultant d'un contact avec des masses qui peuvent étre mises sous\tension en cas
de défaut de l'isolation principale des parties actives de ce circuit.

Pour ce type de protection, les exigences de I'lEC 60364-4-41 s'appliguent.

6.3.3 Protection par coupure automatique de l'alimentation

| a coupure automatique de l'alimentation d'un quelconque” circuit affecté par un défaut
d'isolement est destinée a empécher une situation dangereuse due a une tension de contact.

Cette mesure consiste a couper un ou plusieurs, conducteurs de phase par la manceuvre
automatique d'un dispositif de protection en cas~de défaut. Cette coupure doit se produirg
dans un délai suffisamment court afin de limiter’ la durée d’une tension de contact a une
valeur comprise dans les limites spécifiées envAnnexe A pour les schémas TN et TT.

Cette mesure nécessite une coordinationientre:
- le type du systéme d'alimentation, I'impédance de la source d'alimentation et le schémg
de mise a la terre;

- les valeurs d'impédance des différents éléments du conducteur de phase et des cheming
de courant de défaut associés a travers le circuit de protection;

- les caractéristique$ jdes dispositifs de protection qui détectent le ou les défautg
d'isolement.

NOTE 1 Les détails de vérification des conditions de protection par une coupure automatique de I'alimentation
sont donnés en 18,2

Cette mesUre de protection comprend a la fois:

- ladiaison de protection des masses (voir 8.2.3),
- {et’'une des mesures suivantes:

a) Dans tes schemas TN, fes dispositifs de protection suivants peuvent &tre utiises:
o dispositifs de protection contre les surintensités;

o dispositifs différentiels résiduels (DDR) et dispositif(s) de protection contre les
surintensités associé(s).

NOTE 2 La maintenance préventive peut étre améliorée par l'utilisation d'un contréleur d’isolement a
courant différentiel résiduel, RCM, conforme a I'lEC 62020.

b) Dans les schémas TT:

o des DDR et dispositif(s) de protection contre les surintensités associé(s) pour
initier la coupure automatique de I'alimentation sur détection d'un défaut
d'isolement d'une partie active par rapport aux masses ou par rapport a la terre, ou
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e des dispositifs de protection contre les surintensités peuvent étre utilisés pour la
protection en cas de défaut a condition qu'une valeur raisonnablement basse de
I'impédance de boucle de défaut Zs (voir A.2.2.3) soit garantie de facon
permanente et en toute fiabilité;

NOTE 3 La maintenance préventive peut étre améliorée par l'utilisation d'un contréleur d’isolement a
courant différentiel résiduel, RCM, conforme a I'lEC 62020.

c) Dans les schémas IT, les exigences correspondantes de I'lEC 60364-4-41 doivent étre
satisfaites. Lors d'un défaut d'isolement, un signal acoustique et optique doit étre émis
de facon durable. Aprés indication, le signal acoustique peut alors étre désactivé
manuellement. Ceci peut exiger un accord entre le fournisseur et I'utilisateur
concernant la disposition de contréleurs d'isolement et/ou de systémes de localisation
des défauts d'isolement.

NOTE 4 Dans les machines importantes, la mise en place d'un systéeme de localisation_des, défautq
d'isolement (IFLS) conformément a I'lEC 61557-9 peut faciliter la maintenance.

| orsque la coupure automatique est prévue conformément a a), et que la coupure dans l¢g
délai spécifié en A.1.1 ne peut étre assurée, il doit étre prévu une liaison-équipotentielle d¢g
protection supplémentaire si nécessaire pour satisfaire aux exigences de A.1.3.

| orsqu'un entrainement électrique de puissance (PDS) est fourniyune protection en cas de
défaut doit étre prévue pour les circuits de I'entrainement électrigue de puissance alimentég
par le convertisseur. Lorsque cette protection n'est pas prévue dans le convertisseur, leg
mesures de protection nécessaires doivent étre conformes ‘aux instructions du fabricant du
convertisseur.

6.4 Protection par l'utilisation de la TBTP
6.4.1 Exigences générales

| 'utilisation de la TBTP (Trés basse tension-de protection) permet de protéger les personneg
contre les chocs électriques dus aux contacts indirects ou aux contacts directs sur de petiteg
surfaces (voir 8.2.1).

| es circuits TBTP doivent satisfairéZa 'ensemble des conditions suivantes:

p) la tension nominale ne doit'pas dépasser:

e 25 V en courant-alternatif (en valeur efficace) ou 60 V en courant continu sans
ondulation lorsque*l'équipement est normalement utilisé dans des emplacements secs
et lorsqu’un contact sur de larges surfaces de parties actives avec le corps humain
n'est pas prévu; ou

e 6 V en courant alternatif (en valeur efficace) ou 15 V en courant continu sang
ondulation dans tous les autres cas;

NOTE "Sans ondulation" est conventionnellement défini pour une tension d'ondulation sinusoidale comme un taux
H’ondulation efficace inférieur ou égal a 10 % en valeur efficace.

) un/ c6té du circuit ou un point de la source d'alimentation de ce circuit doit étre raccordé
au circuit de protection;

c) les parties actives des circuits TBTP doivent étre électriquement séparées des autres
circuits actifs. La séparation électrique ne doit pas étre inférieure a celle exigée entre les
circuits primaires et secondaires d'un transformateur de sécurité (voir I'lEC 61558-1 et
I'EC 61558-2-6);

d) les conducteurs de chaque circuit TBTP doivent étre physiquement séparés des
conducteurs d’un autre circuit. Lorsque cette exigence est irréalisable, les dispositions
d'isolation de 13.1.3 doivent s’appliquer;

e) les fiches et socles de prises de courant pour un circuit TBTP doivent étre conformes aux
points suivants:

o les fiches ne doivent pas pouvoir entrer dans les socles d’autres réseaux de tension;
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¢ |es socles ne doivent pas admettre des prises d’autres réseaux de tension.
6.4.2 Sources pour la TBTP
La source pour la TBTP doit étre 'une des suivantes:

— un transformateur de sécurité conformément a I'lEC 61558-1 et I'|[EC 61558-2-6;

— une source de courant assurant un degré de sécurité équivalent a celui du transformateur
de sécurité (par exemple une génératrice a moteur avec enroulement fournissant une

H L z 1 )
1ISUTAlUTT TYUIVAITIIiT ],

- une source électrochimique (par exemple, une batterie) ou autre source indépendante
d'un circuit de tension plus élevée (par exemple, une génératrice a moteur diesel);

- une alimentation électronique conforme aux normes appropriées précisant les mesures 3
prendre pour assurer que, méme dans le cas d'un défaut interne, la tension aux bornes de
sortie ne peut pas dépasser les valeurs spécifiées en 6.4.1.

7 Protection de I'équipement

7.1 Généralités
Cet Article 7 détaille les mesures a prendre pour protéger I'équipement contre les effets:

- des surintensités résultant d'un court-circuit;

- de la surcharge et/ou de la perte de réfrigérant de mefteurs;
~ d'une température anormale:

- de la perte ou de la diminution de la tension _d'alimentation;
- de la survitesse des machines/éléments de machine;

- des défauts a la terre/courants résiduels;

- d'une séquence de phases erronée;

- des surtensions de foudre ou de:manceuvre.

7.2 Protection contre les surintensités
7.2.1 Généralités

Une protection contre tes surintensités doit étre prévue lorsque le courant dans un circuif
gquelconque peut dépasser soit la valeur assignée d'un composant, soit le courant maxima
admissible des (" conducteurs, la valeur la plus faible des deux étant retenue. Leg
caractéristiques assignées ou les réglages a choisir sont détaillés en 7.2.10.

7.2.2 Conducteurs d'alimentation

Sauf~specification contraire par l'utilisateur, le fournisseur de I'équipement électrique n'esf
pas’ responsable de la fourniture des conducteurs d'alimentation et du dispositif de protection

oo o>

Le fournisseur de I'équipement électrique doit indiquer dans les documents d'installation les
renseignements nécessaires pour le dimensionnement des conducteurs (y compris la section
maximale du conducteur d’alimentation qui peut étre raccordé aux bornes de I'équipement
électrique) et pour le choix du dispositif de protection contre les surintensités (voir 7.2.10 et
Article 17).

7.2.3 Circuits de puissance

Des dispositifs de détection et de coupure des surintensités, choisis conformément a 7.2.10,
doivent étre insérés dans chaque conducteur actif, y compris les circuits qui alimentent les
transformateurs des circuits de commande.
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Les conducteurs suivants, le cas échéant, ne doivent pas étre commutés sans que tous les
conducteurs actifs associés le soient également:

— le conducteur neutre des circuits de puissance en courant alternatif;
— le conducteur mis a la terre des circuits de puissance en courant continu;

— les conducteurs de puissance en courant continu reliés aux masses des machines
mobiles.

Lorsque la_section du conducteur neutre est au moins égale ou équivalente a celle des
conducteurs de phase, il n'est pas nécessaire de prévoir une détection de surintensité ou un
dispositif de coupure pour le conducteur neutre. Pour un conducteur neutre ayant une section
nférieure a celle des conducteurs de phase associés, les mesures détaillées en 524 de
'IEC 60364-5-52:2009 doivent s'appliquer.

PDans les schémas IT, il est recommandé de ne pas utiliser le conducteur neutrel Cependant
5i un tel conducteur neutre est utilisé, les mesures détaillées ‘en 431.2.2 d¢
'IEC 60364-4-43:2008 doivent s'appliquer.

7.2.4 Circuits de commande

| es conducteurs des circuits de commande reliés directement\a la tension d'alimentation
doivent étre protégés contre les surintensités conformément a ,2°3.

|_es conducteurs des circuits de commande alimentés par l'intermédiaire d'un transformateur
pu alimentés en courant continu doivent étre protédgés: contre les surintensités (voir auss
0.4.3.1.1):

- pour les circuits de commande reliés au cifcuit de protection, par la mise en place d'un
dispositif de protection contre les surintensités sur le conducteur commuté;

- pour les circuits de commande non reli€s au circuit de protection;

e lorsque tous les circuits de commande de I'équipement ont le méme courant maxima
admissible, par la mise en place d'un dispositif de protection contre les surintensités
sur le conducteur commuté,‘ou;

e lorsque différents circuits de commande de I'équipement ont un courant maxima
admissible différentylpar la mise en place d'un dispositif de protection contre les
surintensités sur<le’conducteur commuté et sur le conducteur commun de chaque
circuit de commande.

F-xception: Lorsque_ le bloc d’alimentation fournit une valeur de courant inférieure a la fois au
courant maximal admissible des conducteurs dans un circuit et au courant assigné deg
composants raccordés, aucun dispositif séparé de protection contre les surintensités n’est
EXige.

7.2.5 Socles de prises de courant et conducteurs associés

| a-protection contre les surintensités doit étre fournie pour les circuits alimentant les socleg
de.prises de courant polyvalents destinés principalement a fournir la puissance aux matériels
de maintenance. Des dispositifs de protection contre les surintensités doivent étre prévus sur
les conducteurs actifs non mis a la terre de chaque circuit alimentant de tels socles de prises
de courant. Voir aussi 15.1.

7.2.6 Circuits d'éclairage

Tous les conducteurs non mis a la terre des circuits alimentant I'éclairage doivent étre
protégés contre les effets des courts-circuits par des dispositifs de protection contre les
surintensités indépendants de ceux protégeant les autres circuits.
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7.2.7 Transformateurs

Les transformateurs doivent étre protégés par un dispositif de protection contre les
surintensités dont le type et le réglage sont conformes aux instructions du fabricant du
transformateur. Une telle protection doit (voir aussi 7.2.10):

— éviter le déclenchement de nuisance da aux courants d'appel magnétisants des
transformateurs;

— éviter un échauffement des enroulements qui dépasse la valeur permise pour la classe
disotementdutransformateur —torsqui—est—soumis —aux_effets—d'om—court=citcuit—aSey
bornes secondaires.

7.2.8 Emplacement des dispositifs de protection contre les surintensités

| es dispositifs de protection contre les surintensités doivent étre situés a-\endroit de
réduction de la section des conducteurs ou autre modification qui réduit le coutant maxima
pdmissible dans les conducteurs, excepté lorsque toutes les conditions ‘suivantes sont
atisfaites:

- le courant maximal admissible dans les conducteurs est au moins égal a celui de Ig
charge;

- la longueur du ou des conducteurs entre l'endroit de réduction du courant maxima
admissible et la position du dispositif de protection contre)les surintensités ne dépasse
pas 3 m;

- les conducteurs sont installés de fagon a réduiré{Ja possibilité de court-circuit, pat
exemple, s'ils sont protégés par une enveloppe ou-tiné canalisation.

7.2.9 Dispositifs de protection contre les surintensités

| e pouvoir de coupure assigné en court-circuit doit étre au moins égal au courant de défauf
présumé au point de l'installation. Lorsquellé courant de court-circuit fourni au dispositif de
protection contre les surintensités peut inclure des courants supplémentaires autres que ceux
de l'alimentation (par exemple, de ‘moteurs, de capacités de correction du facteur de
puissance), ces courants doivent étré&'pris en compte.

NOTE Les informations concernant faycoordination en conditions de court-circuit entre un disjoncteur et un autrg
Hispositif de protection contre les, courts-circuits sont données a I'Annexe A de I'lEC 60947-2:2006, IEC 60947
P:2006/AMD1:2009 and IEC 60947-2:2006/AMD2:2013.

| orsque des fusibles*-sont utilisés en tant que dispositifs de protection contre leg
surintensités, un type aisément disponible dans le pays d'utilisation doit étre choisi, ou deg
dispositions doivent-étre prises pour la fourniture de piéces détachées.

7.2.10 Calibrage et réglage des dispositifs de protection contre les surintensités

| e courant assigné des fusibles ou le courant de réglage des autres dispositifs de protection
contreles surintensités doit étre choisi aussi faible que possible, mais étre adapté aux
sufintéensités prévues (par exemple, lors du démarrage de moteurs ou de la mise sous tension

=) trancfnrmn’mnm) Lars du choix de tels diqlnnqi‘rifc de protection il doit atre tenu compte dd

la protection des appareils de connexion contre les dommages dus aux surintensités.

Le courant assigné ou le réglage d'un dispositif de protection contre les surintensités pour les
conducteurs est déterminé par le courant maximal admissible dans les conducteurs a
protéger conformément a 12.4, a I'Article D.3, et par le temps de coupure maximal admissible
t conformément a I'Article D.4, en prenant en compte les besoins de coordination avec les
autres appareils électriques dans le circuit protégé.
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7.3 Protection des moteurs contre la surchauffe
7.3.1 Généralités

La protection des moteurs contre la surchauffe doit étre assurée pour chaque moteur d'une
puissance assignée supérieure a 0,5 kW.

Exception: Pour des applications dans lesquelles une interruption automatique du
fonctionnement du moteur n'est pas acceptable (par exemple, les pompes a incendie), les
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répondre.

|_a protection des moteurs contre la surchauffe peut étre réalisée par:

- une protection contre les surcharges (7.3.2),

NOTE 1 Les dispositifs de protection contre les surcharges détectent les relations temps/caurant (/2¢) dans un
Circuit qui dépassent la charge totale assignée du circuit et initient les réponses appropriées de‘la commande.

- une protection contre les températures excessives (7.3.3), ou

NOTE 2 Les appareils de détection de température captent une température excessive et initient les réponseg
Bppropriées de la commande.

- une protection par limitation de courant.

| a remise en marche automatique d'un moteur aprés,le fonctionnement d'une protection
contre les surchauffes doit étre empéchée si cela peut, provoquer une situation dangereuse ou
un dommage a la machine ou au travail en cours.

7.3.2 Protection contre les surcharges

| orsque la protection contre les surcharges.est utilisée, la détection de la ou des surchargeg
doit étre prévue dans chaque conducteurcactif, a I'exception du conducteur neutre.

Cependant, lorsque la détection des surcharges d'un moteur n'est pas utilisée pour Ig
protection contre les surcharges~de céables (voir aussi I'Article D.2), la détection deg
surcharges peut étre omise dans I'un des conducteurs actifs. Pour des moteurs monophasésg

pu a alimentation a courant, continu, la détection sur un seul conducteur actif non relié a Ia
ferre est admise.

| orsque la protection contre les surcharges est réalisée par coupure, I'appareil de connexion
doit couper tous-‘les conducteurs actifs. La coupure du conducteur neutre n'est pag
hécessaire pour la’protection contre les surcharges.

| orsque dés-moteurs ayant des caractéristiques assignées a usage spécial de service doivent
démarrer Jou freiner fréquemment (par exemple, les moteurs pour l'avance ou le retour
rapides,”le verrouillage, le pergage sensitif), il peut étre difficile de réaliser une protection
contre’ les surcharges dont la constante de temps s'accorde avec celle de I'enroulement 3
reteger. Des dispositifs de protection appropriés congus pour des moteurs a usage spécia
ou une protection contre les températures excessives (voir 7.3.3) peuvent étre nécessaires.

Pour des moteurs qui ne peuvent pas étre surchargés (par exemple, les moteurs a couple
constant, les commandes de mouvement qui sont soit protégées par des dispositifs
mécaniques de protection contre les surcharges, soit correctement dimensionnées), il n'est
pas exigé de protection contre les surcharges.

7.3.3 Protection contre les températures excessives

La fourniture de moteurs avec protection contre les températures excessives conformément a
I'IEC 60034-11 est recommandée dans les cas ou le refroidissement peut étre altéré (par
exemple, dans des environnements poussiéreux). Selon le type de moteur, la protection
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contre un blocage du rotor ou une perte de phase n'est pas toujours assurée par une
protection contre les températures excessives, il convient alors de prévoir une protection
complémentaire.

Une protection contre les températures excessives est aussi recommandée dans le cas des
moteurs qui ne peuvent pas étre surchargés (par exemple, les moteurs a couple constant, les
commandes de mouvement qui sont soit protégées par des dispositifs mécaniques de
protection contre les surcharges, soit correctement dimensionnées), lorsque la possibilité de
températures excessives existe (par exemple, en raison d'un refroidissement plus faible).

7.4 Protection contre les températures anormales

| es équipements doivent étre protégés contre les températures anormales qui—peuvent
pccasionner une situation dangereuse.

7.5 Protection contre les effets de l'interruption de I'alimentation ou laréduction de
la tension et leur rétablissement ultérieur

| orsqu'une interruption d'alimentation ou une réduction de tensjondpeut entrainer une
Situation dangereuse, des dommages a la machine ou aux travaux.en‘cours, une protection 3
minimum de tension doit étre prévue, par exemple, par mise hors tension de la machine a un
hiveau de tension prédéterminé.

| orsque le fonctionnement de la machine peut accepter une interruption ou une réduction de
a tension pendant une courte durée, une protection temporisée a minimum de tension peut
Etre prévue. Le fonctionnement du dispositif de protection a minimum de tension ne doif
compromettre le fonctionnement d'aucune commande d'arrét de la machine.

| ors du rétablissement de la tension ou dé [‘ouverture de l'interrupteur d'alimentation, I¢g
redémarrage automatique ou fortuit de la machine doit étre empéché lorsque ce redémarrage
peut entrainer une situation dangereuse.

PDans le cas d'une réduction des-tension ou d'une interruption d'alimentation affectant
Seulement une partie de la machine, ou du groupe de machines fonctionnant ensemble de

maniére coordonnée, la protection a minimum de tension doit initier les commandes de
contrble appropriées pour assurer la coordination.

7.6 Protection contre’/la survitesse des moteurs

|Une protection contre la survitesse doit étre prévue dans le cas ou une survitesse peut
survenir et entrainer éventuellement une situation dangereuse en tenant compte des mesures
conformes a9.3°2. La protection contre la survitesse doit initier les réactions appropriées de
a commande et empécher un redémarrage automatique.

| convient que la protection contre la survitesse fonctionne de facon telle que la limite de
vitesse mécanique du moteur ou de sa charge ne soit pas dépassée.

NOTE Cette protection peut consister, par exemple, en un dispositif centrifuge ou un limiteur de vitesse.
7.7 Protection supplémentaire contre les défauts a la terre/courants résiduels

En complément a la protection contre les surintensités pour la coupure automatique telle que
décrite en 6.3, la protection contre les défauts a la terre/courants résiduels peut étre prévue
pour réduire les dommages a I'équipement dus a des courants de défaut a la terre inférieurs
au niveau de détection de la protection contre les surintensités.

Le réglage des dispositifs doit étre aussi bas que possible en cohérence avec un
fonctionnement correct de I'équipement.
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Lorsque des courants de défaut sont possibles avec des composants a courant continu, un
DDR de type B conformément a I''EC TR 60755 peut étre exigé.

7.8 Protection de l'ordre des phases

Lorsqu'un ordre erroné des phases de la tension d'alimentation peut entrainer une situation
dangereuse ou des dommages a la machine, une protection doit étre prévue.

NOTE Les conditions d'utilisation qui peuvent mener a un ordre de phases erroné comprennent:

— une machine transférée d'une source d'alimentation a une autre;

- une machine mobile équipée pour le raccordement a une alimentation externe.
7.9 Protection contre les surtensions de foudre et de manceuvre

PDes parafoudres (SPD) peuvent étre prévus pour la protection contre les “effets deg
surtensions de foudre ou de manceuvre.

| orsque tel est le cas:

- les parafoudres pour la suppression des surtensions de foudre doivent étre connectés aux
bornes d'alimentation de I'appareil de sectionnement de I'alimentation.

- les parafoudres pour la suppression des surtensions de manceuvre doivent étre connectég
si nécessaire pour les équipements qui exigent une tellg protection.

NOTE 1 Les informations concernant le choix et linstallation¢ corrects des parafoudres sont données, pa
exemple, dans I'lEC 60364-4-44, I'lEC 60364-5-53, I''EC 61643-12\I'l[EC 62305-1 et I''EC 62305-4.

NOTE 2 La liaison équipotentielle de la machine, de ses{équipements électriques et des éléments conducteurj
Btrangers avec un réseau de liaison commun du batiment/site peut faciliter la réduction des perturbation
Electromagnétiques, y compris les effets de la foudre surles équipements.

7.10 Courant assigné de court-circuit

| e courant assigné de court-circuit.des équipements électriques doit étre déterminé. Cec
peut étre réalisé par l'application de’regles de conception, par calcul ou par essai.

NOTE Le courant assigné de court=Circuit peut étre déterminé, par exemple, conformément a I'lEC 61439-1
'I[EC 60909-0, I''EC/TR 60909-1 ou+IEC/TR 61912-1.

8 Liaisons équipotentielles

8.1 Généralités

| e présentyArticle 8 fournit les exigences relatives aux liaisons de protection et aux liaisong
fonctionnelles. La Figure 4 représente ces concepts.

| a-llaison de protection est une disposition de base pour la protection en cas de défaut afin
d'assurer la protection des personnes contre les chocs électriques (voir 6.3.3 et 8.2).

L'objectif de la liaison fonctionnelle (voir 8.4) est de réduire:

— la conséquence d'un défaut d'isolement qui peut nuire au fonctionnement de la machine;

— les perturbations électriques pour les équipements électriques sensibles qui peuvent nuire
au fonctionnement de la machine;

— les courants induits provenant de la foudre qui peuvent endommager I’équipement
électrique.

La liaison fonctionnelle est assurée par le raccordement au circuit de protection, mais,
lorsque le niveau des perturbations électriques sur le circuit de protection n'est pas
suffisamment faible pour assurer un fonctionnement correct de I'équipement électrique, il peut
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étre nécessaire d’utiliser des conducteurs séparés pour la liaison de protection et la liaison
fonctionnelle.

Machine

Equipement électrique
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Circuit de protection:

()

Interconnexion du ou des conducfeurs de protection et de la borne PE

(2)

Raccordement des masses

3)

Raccordement du conducteur de protection a une plaque d'assemblage de I'équipement électrique
utilisée comme conductelr’de protection

(4)

Raccordement des parties conductrices structurelles de I'équipement électrique

(5)

Parties conductrices structurelles de la machine

Parties raccordées au‘circuit de protection qui ne doivent pas étre utilisées comme conducteur de

protection:

(6)

Canalisations métalliques souples ou rigides

()

Gaines ou’armure de cables métalliques

(8)

Tuyautéries métalliques contenant des matériaux inflammables

9)

Eléments conducteurs étrangers, si mis a la terre de maniére indépendante de I'alimentation de la
machine et susceptibles d'introduire un potentiel, généralement le potentiel de terre, (voir 17.2 d)),
par exemple:

tuyauteries métalliques,

clotures,

Achallas
Bac2 ) T

mains courantes.

(10) Conduits métalliques souples ou cintrés
(11) Liaison de protection des cables d'appui, chemins et échelles de cables
Raccordements au circuit de protection pour des raisons fonctionnelles:
(12) | Liaisons fonctionnelles
Légende des désignations de référence:
T1 Transformateur auxiliaire
u1 Plaque d'assemblage de I'équipement électrique

Figure 4 — Exemple de liaison équipotentielle pour I'équipement
électrique d'une machine
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8.2 Circuit de protection
8.2.1 Généralités
Le circuit de protection comprend l'interconnexion:

e de la ou des bornes PE (voir 5.2);

e des conducteurs de protection (voir 3.1.51) dans I'équipement de la machine, y compris
les contacts glissants lorsqu'ils font partie du circuit;

o des parties conductrices structurelles et des masses de I'équipement électrique;
F-xception: voir 8.2.5.
o des parties conductrices structurelles de la machine

Toutes les parties du circuit de protection doivent étre congues pour étre capables de résister
aux contraintes thermiques et mécaniques les plus importantes qui peuvent ‘étre provoquées
par des courants de défaut a la terre susceptibles de circuler dans ces sparties du circuit d¢g
protection.

o La section de chaque conducteur de protection qui ne fait pas-partie intégrante d'un cable
ou qui ne se situe pas dans une enveloppe commune avec leyconducteur de phase ne doif
pas étre inférieure a

— 2,5 mm2 Cu ou 16 mm2 Al en cas de protection confre les dommages mécaniques,
— 4 mmZ2 Cu ou 16 mm?2 Al en I'absence de protection’contre les dommages mécaniques.

NOTE L'utilisation de I'acier pour un conducteur de protectiofn n'est pas exclue.

Un conducteur de protection qui ne pas partie intégrante d'un cable est considéré comme
protégé mécaniquement s'il est installé dans:un conduit, une goulotte ou s'il fait I'objet d'une
protection similaire. Il n'est pas nécessaire‘de raccorder les parties conductrices structurelles
de I'équipement conforme a 6.3.2.2 .au“circuit de protection. Il n’est pas nécessaire de
Faccorder les parties conductrices structurelles de la machine au circuit de protection si tout
'équipement fourni est conforme a/6:3.2.2.

| es masses de I'équipement ‘conforme a 6.3.2.3 ne doivent pas étre raccordées au circuit de¢
protection.

| n'est pas nécessaire de raccorder les masses au circuit de protection lorsque, par leuy
montage, celles-ci<ne présentent pas de danger du fait:

- qu'elles nelpeuvent pas étre touchées sur de larges surfaces ou saisies par la main ef
qu'elles«saont de faibles dimensions (moins de 50 mm x 50 mm environ); ou

- qu'elles sont placées de telle fagon qu'un contact avec des parties actives ou un défauf
d'iselement soit improbable.

Celar s'applique aux petites parties telles que vis, rivets, plaques signalétiques et aux partieg
ftuges—a timterieur d'uneenvetoppe quettes que soent teurs dimensions—(par exempte, €3
électroaimants de contacteurs ou de relais et les parties mécaniques des appareils).

8.2.2 Conducteurs de protection

Les conducteurs de protection doivent étre identifiés conformément a 13.2.2.

Les conducteurs en cuivre sont préférentiels. Dans le cas de l'utilisation d'un matériau
conducteur autre que le cuivre, la résistance électrique par unité de longueur ne doit pas
dépasser la valeur admissible pour un conducteur en cuivre et la section de tels conducteurs
ne doit pas étre inférieure @ 16 mm2 pour des raisons de durabilité mécanique.
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Les enveloppes ou cadres métalliques, voire les plaques d'assemblage de I'équipement
électrique, raccordés au circuit de protection, peuvent étre utilisés comme conducteurs de
protection s'ils satisfont aux trois exigences suivantes:

e leur continuité électrique doit étre assurée par construction ou par un raccordement
adapté, de maniére a garantir une protection contre toute détérioration mécanique,
chimique ou électrochimique;

o ils satisfont aux exigences de 543.1 de I'lEC 60364-5-54:2011;
Hs—doiventpermetiretoraccordement-dautres—conducteurs—de—protestiona—cha

de prélévement prédéterminé.

| a section des conducteurs de protection doit étre calculée conformément a 543/1.2 d¢
'IEC 60364-5-54:2011, ou choisie conformément au Tableau 1 (voir 5.2). Voir aussi\ 8.2.6. ef
17.2 (d) du présent document.

Chaque conducteur de protection doit:

o faire partie intégrante d’'un cable multiconducteur, ou;

o étre dans une enveloppe commune avec le conducteur de phase, ou;

o avoir une section minimale de:

» 2,5 mm?2 Cu ou 16 mmZ2 Al en cas de protection contre les(demmages mécaniques;

» 4 mmZ2 Cu ou 16 mm?2 Al en I'absence de protection contre les dommages mécaniques.

NOTE 1 L'utilisation de I'acier pour un conducteur de protection nlest pas exclue.

Un conducteur de protection qui ne pas partiedintégrante d'un cable est considéré comme
protégé mécaniquement s'il est installé dans un’ conduit, une goulotte ou s'il fait I'objet d'une
protection similaire.

| es parties suivantes de la machine et(son équipement électrique doivent étre raccordés au
circuit de protection, mais ne doivent pas étre utilisés comme conducteurs de protection:
o parties conductrices structurelles de la machine;

o canalisations métalliques souples ou rigides;

o gaines ou armure de cables métalliques;

o tuyauteries métalliques contenant des matériaux inflammables tels que des gaz, deg
liquides ou despoudres;

o conduits métalliques souples ou cintrés;
o éléments-structuraux soumis a une contrainte mécanique en service normal;

o parties métalliques souples; cables d'appui, chemins et échelles de céble.

NOTE 2" Les informations concernant la protection cathodique sont données en 542.2.5 et 542.2.6 de I'lEC 60364
5-54:2011.

8.2.3 Continuité du circuit de protection

Lorsqu'un élément est retiré quelle que soit la raison (par exemple, un entretien de routine),
le circuit de protection pour les éléments restants ne doit pas étre coupé.

Les points de raccordement et de liaison doivent étre congus de fagon que leur courant
maximal admissible ne soit pas diminué par des influences mécaniques, chimiques ou
électrochimiques. Lors de l'utilisation d'enveloppes et de conducteurs en aluminium ou
alliages d'aluminium, il convient d'accorder une attention particuliére a une éventuelle
corrosion électrolytique.
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Lorsque I'équipement électrique est monté sur des couvercles, des portes ou des plaques de
fermeture, la continuité du circuit de protection doit étre assurée et un conducteur de
protection est recommandé (voir 8.2.2). Lorsqu’'un conducteur de protection n’est pas prévu,
des systemes de fermeture, des charniéres ou des contacts glissants congus pour présenter
une faible résistance doivent étre utilisés (voir 18.2.2, Essai 1).

La continuité des conducteurs au sein de cables susceptibles d'étre endommagés (par
exemple, les cables souples rampants) doit étre assurée par des mesures appropriées (par
exemple, la surveillance).

Pour les exigences relatives a la continuité des conducteurs utilisant des cables conducteurs
des barres conductrices et des ensembles de bagues collectrices, voir 12.7.2.

| e circuit de protection ne doit comprendre ni appareil de connexion, ni dispositif d¢
protection contre les surintensités (par exemple, un interrupteur, un fusiblge); ni d’autreg
moyens de coupure.

Fxception: les liaisons qui ne peuvent pas étre ouvertes sans l'usage-d“un outil et qui sonf
Situées dans une zone fermée de service électrique peuvent étre assurées pour les besoing
des essais ou des mesurages.

| orsque la continuité du circuit de protection peut étre intefrompue par des collecteursg
mobiles de courant ou des ensembles fiche-prise, le circuit de protection doit étre coupé pat
des contacts séquentiels. Cela concerne aussi les éléments démontables ou débrochableg
voir aussi 13.4.5).

8.2.4 Points de raccordement du conducteur)de protection

| es extrémités de tous les conducteurs de -protection doivent étre conformes a 13.1.1. Leg
points de raccordement des conducteurs_de~protection ne sont pas destinés, par exemple, 3
fixer des appareils ou des éléments.

Chaque point de raccordement des, conducteurs de protection doit étre marqué ou étiqueté
comme tel par le symbole IEC 60417-5019:2006-08, comme représenté a la Figure 5:

r 1

Figure 5 — Symbole IEC 60417-5019: Terre de protection

5oit (par les lettres PE, le symbole graphique étant préférentiel ou par la combinaison bicolorg
VERT-ET-JAUNE, ou par toute combinaison des moyens précités.

8.2.5 Machines mobiles

Pour les machines mobiles disposant d'alimentations de puissance embarquées, les
conducteurs de protection, les parties conductrices structurelles de I'équipement électrique
ainsi que les éléments conducteurs étrangers formant la structure de la machine doivent étre
tous raccordés a une borne du circuit de protection afin d'assurer la protection contre les
chocs électriques. Lorsqu'une machine mobile peut aussi étre raccordée a une alimentation
extérieure, la borne du circuit de protection doit étre le point de connexion du conducteur de
protection externe.

NOTE Lorsque l'alimentation électrique est incorporée dans les parties fixes, mobiles ou portatives de
I'équipement, et lorsqu'il n'existe pas de source extérieure d'alimentation (par exemple, dans le cas d'un chargeur
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de batteries embarqué non raccordé), il n'est pas nécessaire de raccorder un tel équipement a un conducteur
de protection externe.

8.2.6 Exigences supplémentaires pour un équipement électrique dont les courants
de fuite a la terre sont supérieurs a 10 mA

Lorsque I'équipement électrique a un courant de fuite a la terre supérieur a 10 mA en courant
alternatif ou en courant continu sur lI'un quelconque des conducteurs de protection, une ou
plusieurs des conditions suivantes pour l'intégrité de chaque section du circuit de protection
associé qui transporte le courant de fuite a la terre doivent étre satisfaites:

p) le conducteur de protection est totalement intégré dans des enveloppes d'équipement
électrique ou protégé d'une tout autre maniére contre les dommages mécaniques)sut
toute sa longueur;

b) le conducteur de protection a une section au moins égale @ 10 mm2 Cu ou 16 mm?2 Al;

) lorsque le conducteur de protection a une section inférieure & 10 mm2 Cu ‘ot 16 mm?2 Al
un second conducteur de protection de section au moins égale est amené jusqu'au point
ou le conducteur de protection a une section non inférieure 8 10 mm2@u ou 16 mm2 Al
Ceci peut nécessiter que I'équipement électrique dispose d'une bprne séparée pour un
second conducteur de protection.

d) I'alimentation est automatiquement coupée en cas de perte de*continuité du conducteur
de protection.

e) lorsqu'un ensemble fiche-prise est utilisé, un connecteut’industriel conforme a la séri¢g
IEC 60309, avec une relaxation appropriée des contraintes et une section minimale du
conducteur de terre de protection de 2,5 mmZ2 ‘corhme partie intégrante d'un cable
d'alimentation multiconducteur est prévu.

|_es instructions d'installation doivent comporter.une indication stipulant que I'équipement doit
Etre installé tel que décrit en 8.2.6.

NOTE Une étiquette d'avertissement peut également étre placée de fagon contigué a la borne PE afin d'indique
hue le courant du conducteur de protection dépasse’ 10 mA.

8.3 Mesures pour limiter les effets d'un courant de fuite élevé

| es effets d'un courant de fuite, élevé peuvent étre limités a I'équipement sujet a ce courant
de fuite élevé par raccordement de cet équipement a un transformateur d'alimentation dédig
disposant d'enroulements, Separés. Le circuit de protection doit étre raccordé aux masses de
'équipement ainsi qu'a(l'enroulement secondaire du transformateur. Le ou les conducteurs de
protection entre I'équipement et I'enroulement secondaire du transformateur doivent étreg
conformes a une ou-plusieurs des dispositions décrites en 8.2.6.

8.4 Liaisons fonctionnelles

|_a protection contre un fonctionnement impropre, conséquence de défauts d'isolement, peut
Etre assurée par le raccordement a un conducteur commun conformément a 9.4.3.1.1.

Pour les recommandations concernant les liaisons fonctionnelles afin  d'éviter un
fonctionnement impropre de la machine d0 a des perturbations électromagnétiques, voir 4.4.2
et I'Annexe H.

Il convient que les points de raccordement de liaison fonctionnelle soient marqués ou
étiquetés comme tel par le symbole IEC 60417-5020:2002-10 (voir Figure 6):
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Figure 6 — Symbole IEC 60417-5020: Masse ou chéssis

D Circuits de commande et fonctions de commande

D.1 Circuits de commande
D.1.1 Alimentation des circuits de commande

| orsque les circuits de commande sont alimentés par une source ‘alternative, leg
fransformateurs disposant d’enroulements séparés doivent étre utilisés pour séparer
"alimentation électrique provenant de la source d’alimentation de commahnde.

Par exemple:

o les transformateurs de commande disposant d’enroulemeéents séparés conformes 3
I'IEC 61558-2-2,

» les blocs d’alimentation a découpage (conformes,a I'lEC 61558-2-16) équipés d¢
transformateurs a enroulements séparés,

o les alimentations basse tension (conformes a-[NEC 61204-7) équipées de transformateurg
a enroulements sépares.

| orsque plusieurs transformateurs sont cutilisés, il est recommandé de raccorder leurg
enroulements de maniére que les tensions,secondaires soient en phase.

Fxception: Les transformateurs oU* les blocs d’alimentation a découpage équipés de
fransformateurs ne sont pas obligatoires pour les machines a démarreur simple et/ou aveg
deux dispositifs de commandeau maximum (par exemple, dispositif de verrouillage, poste de
commande marche/arrét).

| orsque des circuits de_commande en courant continu issus d'une alimentation en courant
plternatif sont raccordés au circuit de protection (voir 8.2.1), ils doivent étre alimentés par un
enroulement séparé-du transformateur de circuit de commande en courant alternatif ou par un
autre transformateur de circuit de commande.

D.1.2 Tensions du circuit de commande

| a valeur nominale de la tension de commande doit étre compatible avec un fonctionnement
caorrect du circuit de commande.

Il convient que la tension nominale des circuits de commande en courant alternatif ne
dépasse pas de préférence:

— 230V pour les circuits a fréquence nominale de 50 Hz,
— 277 V pour les circuits a fréquence nominale de 60 Hz.

Il convient que la tension nominale des circuits de commande en courant continu ne dépasse
pas de préférence 220 V.
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9.1.3 Protection

Les circuits de commande doivent étre fournis avec une protection contre les surintensités
conformément a 7.2.4 et 7.2.10.

9.2 Fonctions de commande

9.2.1 Généralités

OTFE le 92 ne spécifie pas les exigences pour les dispositifs utilisés pour mettre en ceuvre des fonctions de
commande. Des exemples d'exigences concernant les dispositifs sont donnés dans I'Article 10.

D.2.2 Catégories de fonctions d'arrét
| existe trois catégories de fonctions d'arrét:

- arrét de catégorie 0: arrét par coupure immédiate de lI'alimentation aux: actionneursg
(c'est-a-dire, un arrét non contrbélé — voir 3.1.64);

- arrét de catégorie 1:  arrét contrélé (voir 3.1.14) en maintenant, I'alimentation aux
actionneurs jusqu'a l'arrét de la machine, puis coupure d¢
I'alimentation lorsque I'arrét est obtenu;

- arrét de catégorie 2:  arrét contrélé avec maintien de I'alimentation des actionneurs.

NOTE Pour la coupure de I'alimentation, il peut étre suffisant de couper I'alimentation nécessaire pour générer un
couple ou une force. Ceci peut étre réalisé par débrayage, sectionnemént ou coupure, ou par moyen électronique
par exemple, un PDS conformément a la série IEC 61800), etc.

D.2.3 Fonctionnement
D.2.3.1 Généralités

| es fonctions de sécurité et/ou les mesures.de protection (par exemple, les verrouillages (voir
0.3)) doivent étre prévues si nécessaire pour réduire la possibilité de situations dangereuses.

Pans le cas d'une machine disposantide plus d'un poste de commande, des mesures doivent
Etre prises afin d'assurer que l'injtiation des commandes a partir de postes de commande
différents ne conduit pas a une_situation dangereuse.

D.2.3.2 Marche

| es fonctions de marche doivent agir par mise sous tension du circuit correspondant.

|_ e démarrage ne-doit étre possible que si toutes les fonctions de sécurité et/ou les mesureg
de protection,_appropriées sont en place et opérationnelles, excepté dans les conditions
décrites €n)9.3.6.

Pour-les' machines (par exemple, les machines mobiles) dont les fonctions de sécurité et/ou
es’,mesures de protection ne peuvent pas étre utilisées pour certaines manceuvres, l¢

démarrage de telles mancsuvres doit étre effectué par des commandes a action maintenue
associées a des dispositifs de validation, suivant le cas.

Il convient d'envisager de mettre en place des signaux de mise en garde acoustiques et/ou
visuels avant le démarrage de manceuvres dangereuses des machines.

Des verrouillages appropriés doivent étre prévus si nécessaires pour une séquence de
démarrage correcte.

Dans le cas de machines nécessitant l'utilisation de plusieurs postes de commande pour
déclencher une mise en marche, chacun de ces postes de commande doit avoir un appareil
de commande de mise en marche séparé et actionné manuellement. Les conditions pour
déclencher une mise en marche doivent étre:
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e toutes les conditions exigées pour le fonctionnement de la machine doivent étre
satisfaites, et

o tous les dispositifs de commande de mise en marche doivent étre en position «relachée,
puis

e tous les dispositifs de commande de mise en marche doivent étre manceuvrés de fagon
concomitante (voir 3.1.7).

9.2.3.3 Arrét

PDes fonctions d'arrét de catégorie 0 et/ou arrét de catégorie 1 et/ou arrét de catégorie2
doivent étre prévues comme indiqué par l'appréciation du risque et par les exigences
fonctionnelles pour la machine (voir 4.1).

NOTE 1 L'appareil de sectionnement de I'alimentation (voir 5.3), lorsqu'il est manceuvré, réalise un arrét dg
catégorie 0.

| es fonctions d'arrét doivent étre prioritaires sur les fonctions associées degmise en marche.

| orsque plus d'un poste de commande est fourni, les commandes d'arrét de chaque poste d¢
commande doivent étre effectives lorsque I'appréciation du risque de la machine I'exige.

NOTE 2 Lorsque les fonctions d'arrét sont déclenchées, il peut étre nécessaire d'interrompre les fonctions de Ig
machine autres que les fonctions de déplacement.

D0.2.3.4 Manceuvres d'urgence (arrét d’'urgence, coupure d'urgence)
D0.2.3.4.1 Généralités

| 'arrét d'urgence et la coupure d'urgence sonf)des mesures de protection complémentaireg
qui ne constituent pas des dispositifs principaux de réduction du risque pour les dangers (par
exemple, emprisonnement, happement, enroulement, choc électrique ou brdlure) sur ung
machine (voir I'ISO 12100).

| a présente partie de I'IEC 60204 spécifie les exigences relatives aux fonctions d'arréf
d'urgence et de coupure d'urgence pour les manceuvres d'urgence énumérées dang
'Annexe E, ces deux fonctions étant destinées a étre déclenchées par une seule action
humaine.

Une fois que la manceuvre active d'un organe de manceuvre d'arrét d'urgence (voir 10.7) ou
He coupure d'urgente (voir 10.8) a cessé aprés une commande d'arrét ou de coupure, I'effef
de cette commande doit étre maintenu jusqu'a ce qu'elle soit réinitialisée. Cette réinitialisation
he doit étre poSsible que par une action manuelle sur le dispositif pour lequel la commande 4
Bté initiée. La-réinitialisation de la commande ne doit pas redémarrer la machine, mais
seulement autoriser le redémarrage.

| ne"doit pas étre possible de redémarrer la machine tant que toutes les commandes d'arréf
d:drgence n'ont pas été réinitialisées. Il ne d0|t pas etre possible de réalimenter la machine
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9.2.3.4.2 Arrét d'urgence

Les exigences relatives aux aspects fonctionnels des équipements d'arrét d'urgence sont
données dans I'ISO 13850.

L'arrét d'urgence doit fonctionner soit comme un arrét de catégorie 0 soit comme un arrét de
catégorie 1. Le choix de la catégorie d'arrét de l'arrét d'urgence dépend des résultats de
I'appréciation du risque de la machine.

Exception: Pour éviter de créer d’autres risques, il peut étre nécessaire, dans certains cas, de
réaliser un arrét contrélé et de maintenir 'énergie fournie aux actionneurs méme aprés I'arrét.
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La condition d’arrét doit étre surveillée et dés détection de la défaillance de cette condition,
I’énergie doit étre supprimée sans créer une situation dangereuse.

Outre les exigences pour un arrét données en 9.2.3.3, la fonction d'arrét d'urgence est
soumise aux exigences suivantes:

e elle doit étre prioritaire par rapport a toutes les autres fonctions et manceuvres dans tous
les modes;

e elle doit arréter le mouvement dangereux aussi rapidement que possible sans créer
d'autres dangers;

o la réinitialisation ne doit pas provoquer un redémarrage.
pD.2.3.4.3 Coupure d'urgence

| es aspects fonctionnels de la coupure d'urgence sont donnés en. 536.4 d¢
'I[EC 60364-5-53:2001.

| convient de fournir une coupure d'urgence dans les cas ou:

» la protection principale (par exemple, pour des cables \conducteurs, des barreg
conductrices, des ensembles de bagues collectrices, I'appareillage de commande dans
des zones de service électrique) est seulement réalisée pab ‘mise hors de portée, ou pa
mise en place d'obstacles (voir 6.2.6); ou

» d'autres dangers ou dommages dus a I'électricité peuvent se produire.

| a coupure d'urgence est réalisée par la coupure de“Valimentation appropriée de la maching
pu moyen d'appareils de connexion électromécaniques, réalisant un arrét de catégorie 0 deg
pctionneurs raccordés a cette alimentation. Lérsqu'une machine ne peut supporter cet arrét
de catégorie 0, il peut étre nécessaire delprévoir d'autres mesures, par exemple, ung
protection principale, de maniére que cette“coupure d'urgence ne soit pas nécessaire.

D.2.3.5 Modes de fonctionnement

Chaque machine peut avoir un -ou plusieurs modes de fonctionnement (par exemple, mode
manuel, mode automatique, mode de réglage, mode de maintenance) déterminés par le type
de machine et son applicatign.

| orsque la machine .a“été congue et fabriquée de maniére a pouvoir étre utilisée dang
plusieurs modes deéncommande ou de fonctionnement nécessitant différentes mesures de
protection et ayant une incidence différente sur la sécurité, elle doit étre équipée d’un
sélecteur de (mode qui peut étre verrouillé dans chaque position (par exemple, un
commutateur\a clé). Chaque position du sélecteur doit étre clairement identifiable et doit
correspondre a un seul mode de fonctionnement ou de commande.

| e sélecteur de mode peut étre remplacé par une autre méthode de sélection (par exemple

uncode d’accés) qui restreint 'utilisation de certaines fonctions de la machine a certaineg

atdaariacrd andratarira
atvyvrlivo U Uptlralivuro.

La sélection d'un mode ne doit pas par elle-méme provoquer la mise en marche de la
machine. Une manceuvre séparée de la commande de mise en marche doit étre exigée.

Les fonctions de sécurité et/ou les mesures de protection appropriées pour chaque mode de
fonctionnement particulier doivent étre mises en ceuvre.

L'indication du mode de fonctionnement choisi doit étre prévue (par exemple, la position du
sélecteur de mode, la mise en place d'un voyant lumineux, l'indication visuelle sur un écran).
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9.2.3.6 Surveillance de I'action des commandes

Tout mouvement ou toute action d'une machine ou d'une partie de machine qui peut entrainer
une situation dangereuse doit étre surveillé(e) en prévoyant, par exemple, des limiteurs de
course, la détection de la survitesse des moteurs, la détection de la surcharge mécanique ou
des appareils anticollision.

NOTE Sur certaines machines a commande manuelle (par exemple, machine de percage a commande manuelle),
les opérateurs assurent la surveillance.

D.2.3.7 Commandes nécessitant une action maintenue

| es commandes nécessitant une action maintenue doivent nécessiter une activation continue
du ou des dispositifs de commande pour effectuer une manceuvre.

D.2.3.8 Commandes bimanuelles

Trois types de commandes bimanuelles sont définis dans I'ISO 13851, ledr,choix dépendant
de I'appréciation du risque. Elles doivent comporter les caractéristiques suivantes:

Type |: ce type exige:

o |la présence de deux dispositifs de commande et leur maneeuvre concomitante par les
deux mains;

 uUne manceuvre concomitante et continue au cours d'une situation dangereuse;

o le fonctionnement de la machine doit s'interrompre dés que I'un des deux ou les deux
dispositifs de commande sont reladchés alorsque la situation dangereuse est encor¢
présente.

Un dispositif de commande bimanuelle de Type | n'est pas considéré comme étant adapté
pour le démarrage d'une manceuvre dangereuse.

Type Il: une commande de Type.l nécessitant le relachement des deux dispositifs de
commande avant de pouvoir réinitialiser la mise en marche de la machine.

Type Ill: une commande de Type |l nécessitant une action concomitante des dispositifs de
commande dans les conditions suivantes:

o il doit étre nécessaire de manceuvrer les dispositifs de commande dans un intervalle d¢

temps limité nexdépassant pas 0,5 s;

o si cette limite“de temps est dépassée, les deux dispositifs de commande doivent étreg
relachés avant de pouvoir réinitialiser la mise en marche de la machine.

D.2.3.9 Appareil de commande de validation

Un, appareil de commande de validation (voir aussi 10.9) est un verrouillage de fonction de
coeromande manceuvré manuellement qui:

a) lorsqu'il est activé, autorise la mise en marche d'une machine par une commande de
démarrage séparée, et

b) lorsqu'il est désactivé
e initie une fonction d'arrét, et
e empéche la mise en marche de la machine.
Un appareil de commande de validation doit étre disposé de fagon a réduire le plus possible

la possibilité de neutralisation, par exemple, en exigeant la désactivation de l'appareil de
commande de validation avant de pouvoir réinitialiser la mise en marche de la machine.
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