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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF MACHINERY -
ELECTRICAL EQUIPMENT OF MACHINES -

Part 1: General requirements

FOREWORD

1) The Irjternational Electrotechnical Commission (IEC) is a worldwide organization for sfandardi at|on gomprising

aII n tlonal electrotechmcal commlttees (IEC Natlonal Commlttees) promote
fields. To

) ifications,

Technjical Reports, Publicly Available Specifications (PAS) and Guides 8 as “IEC
Publigation(s)”). Their preparation is entrusted to technical committees; an i i nterested
i subject dealt W|th may partlmpate in this preparatory work and non-
bs closely

itions detefmined by

ernational
s representatiof from all

National
nt of IEC
r for any

littees undertake to apply IEC Pyblications
and regional publications. Any divergence
regional publication shall be clearly indicated in

approval and cannot be rendered responsible for any

mployees, servants or agents including individual experts and
€ National Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees) and
use of, or reliance upon, this IEC Publication or any pther IEC

Publig

8) Attent i t ative references cited in this publication. Use of the referenced publications is
indisp [ )

9) Attent Vi) to\ the~possibility that some of the elements of this IEC Publication may be the pubject of
paten{ ri ~IEC”shal\not be held responsible for identifying any or all such patent rights.

Internat|onal "Standard IEC 60204-1 has been prepared by technical committee 44: Safety of
machinery—Electrotechnical aspests-

This fifth edition cancels and replaces the fourth edition issued in 1997 and Ammendment 1
(1999). This edition constitutes a technical revision. It incorporates material from the fourth
edition, amended to provide general requirements for machines, including mobile machines
and complex (for example large) machine installations.
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The text of this standard is based on the following documents:

FDIS Report on voting
44/494/FDIS 44/502/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.

The fo”r\\uing differences-exist-in-some-countries-

4.3.1:

5.1:
5.1:
5.2:

6.3.3 b)
7.2.3:

7.2.3:

9.1.2:
12.2:

12.2:
Table 5

13.2.2:

13.2.3:

15.2.2:
15.2.2:

16.4:

The voltage characteristics of electricity supplied by publi
Europe are given in EN 50160:1999.

Exception is not allowed (USA).

, the colour identification GREEN (with or
used as equivalent to the bicolour combination GREE

stems in

rway).

may be
, or the
17-5019

n2 solid
WG 18)
Gauge

without
N-AND-

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

2nd paragraph, 5th bullet: The full load current rating of lighting circuits does not

exceed 15 A (USA).
Nameplate marking requirements (USA).
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IEC 60204 consists of the following parts, under the general title Safety of machinery —
Electrical equipment of machines:
Part 1: General requirements

Part 11: Requirements for HV equipment for voltages above 1 000 V a.c. or 1 500 V d.c.
and not exceeding 36 kV

Part 31: Particular safety and EMC requirements for sewing machines, units and systems
Part 32: Requirements for hoisting machines
Part 33: Particular requirements for semiconductor manufacturing equipment?

The committee has decided that the contents of this publication will remain unchanged until the
maintenjance result date indicated on the IEC web site under "http://webstore.iecxch" in the data
related {o the specific publication. At this date, the publication will be

* reconfirmed;
+ withdrawn;
* replaced by a revised edition, or

@®

1 Under consideration.
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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 maintenance.

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

JTT DTOV

Figure 3
elements of a m

various
typical

and Suf
taken tq
constitu
one levd
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Warning signs, item designation

Physical (Clause 16) System/cell
enw(r‘(t)r:lr;ent Technical documentation controller
’ (Clause 17)
A
Supply disconnecting device
(5.3)
Protection against electrical shock
(Clause 6)
Protection of equipment
(Ol Z\
Powe[SUpply {Slause—+
. .
(4-3) Earth (PE) terminal
(5.2) ta ljnk
Protective bonding circuit
(8.2)
PE Control circuits and control functions
(Clause 9)
Emergency stop function X
(Exterhal protective (9.2.5.4)
conducfor connection) Controlgear
(Clause 11)
Accessories and\lighti
Congluctors and /\ (Cla 15)
cables Emergency
(GQause 12) stgp device
\Wiring \ (10.7)
dractices \)
(GQause 13) Programmable Opetgtor control
lesting controller Station
(CJause 18) (Clause 10)
Input/output Safeguards and
interface warning devices

@

lause 14) and
transducers

:

Actuators and
sensors

Processing equipment

Figure 1 — Block diagram of a typical machine

IEC 1388/05
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SAFETY OF MACHINERY -
ELECTRICAL EQUIPMENT OF MACHINES -

Part 1: General requirements

1 Scope

This part of IEC 60204 applies to the application of electrical, electronic and programmable
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 tQ hnological

advancenjent.

NOTE 2 Ip this part of IEC 60204, the term electrical includes electrical, electroni o electronic
matters (ile. electrical equipment means electrical, electronic and programm e i i

NOTE 3 |[In the context of this part of IEC 60204, the term person refers to inctivi i les those
persons who are assigned and instructed by the user or his agent(s) in the use.and ce ine in|question.

The eqlipment covered by this part of IEC 60204 co ign of the
supply tp the electrical equipment of the machine (see 5.

NOTE 4 |The requirements for the electrical supply i at ildi i in the IEC 60364 sellies.

This pa(lrt of IEC 60204 is applicable lectrical
equipmegnt that operate with nominal 3 not exceeding 1 000 V for alternating
current |(a.c.) and not exceeding 1 50 supply
frequengies not exceeding

NOTE 5 |For higher voltages, see |IE

This paft of IEC 60204|does™ot co i i i locking,
or contnol) that g i e protect
persons| from hazards unique
requirements to be a A

This paf ifi i iS not limited to, the electrical equipment of machines as
defined|i

NOTE 6 A C 60204.
This pa apply to
the electri

— are infenhded 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;
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— are sewing machines, units, and systems (which are covered by IEC 60204-31);
— are hoisting machines (which are covered by IEC 60204-32).

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 referenced documents are indispensable for the application of this
IEC 60204. For dated references, only the edition cited applies. For undated referen
latest edition of the referenced document (including any amendments) applies.

part of
ces, the

IEC 600[34-1, Rotating electrical machines — Part 1: Rating and perform

IEC 60034-5, Rotating electrical machines — Part 5: Degrees of &
integrall|design of rotating electrical machines (IP code) — Classificati

nachine interface, mark

identification — Coding principles for inicato;s an

IEC 60309-1:1999, Plug
General requirements

IEC 60364-4-41:2001, t a of buildings — Part 4-41: Protection for
Protectipn again
IEC 60364-4-43:2001 ¢ istallations of buildings — Part 4-43: Protection for

Protectipn against oxe

IEC 603 12 : installations of buildings — Part 5-52: Selection and ers

electricgl equiprient —\solation, switching and control

by the

- Frame

- Frame

ng and

Part 1:

safety —

safety —

bction of

bction of

IEC 60364<5-54:2002, Electrical installations of buildings — Part 5-54: Selection and ers

bction of

electrical equipment — Earthing arrangements, protective conaductors and protective
conductors

IEC 60364-6-61:2001, Electrical installations of buildings — Part 6-61: Verification
verification

IEC 60417-DB:20022, Graphical symbols for use on equipment

2 «“pB” refers to the IEC on-line database.

bonding

— Initial
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IEC 60439-1:1999, Low-voltage switchgear and controlgear assemblies — Part 1: Type-tested
and partially type-tested assemblies

IEC 60445:1999, 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 for an alphanumeric system

IEC 60446:1999, Basic and safety principles for man-machine interface, marking and
identification — Identification of conductors by colours or numerals

IEC 60447:2004, Basic and safety principles for man-machine interface, marking and
identification — Man-machine interface (MMI) — Actuating principles

IEC 60929:1999, Degrees of protection provided by enclosures (IP Code)
Amendment 1 (2001)
IEC 60
IEC 60 g iti ihcluding
open-c by ncillaries
Part 1:
nectors,
circuit
oment —
General
unction-
hnection
fion and

installation documents

IEC 61140:2001, Protection against electric shock — Common aspects for installation and
equipment

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

IEC 61346 (all parts), Industrial systems, installations and equipment and industrial products —
Structuring principles and reference designations

3 “DB” refers to the IEC on-line database.
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IEC 61557-3:1997, Electrical safety in low voltage distribution systems up to 1000 V a.c. and
1500 V d.c. — Equipment for testing, measuring or monitoring of protective measures — Part 3:
Loop impedance

IEC 61558-1:1997, Safety of power transformers, power supply units and similar — Part 1:
General requirements and tests
Amendment 1 (1998)

IEC 61558-2-6, Safety of power transformers, power supply units and similar — Part 2-6:
Particular requirements for safety isolating transformers for general use

IEC 61984:2001, Connectors — Safety requirements and tests

IEC 62023:2000, Structuring of technical information and documentation

IEC 62027:2000, Preparation of parts lists

IEC 62061:2005, Safety of machinery — Functional safety of sa
and programmable electronic control systems

trical, electronic

IEC 620[79:2001, Preparation of instructions — Structuring
ISO 70(00:2004, Graphical symbols for use on equipment’—

ISO 12100-1:2003, Safety of machine
1: Basid terminology, methodology

h — Part

ISO 12100-2:2003, Safety of machin
Part 2: Technical principles

esign —

ISO 13849-1:1999, Safef)
General principles for de

ISO 13849-2:20 S
Validatipn

ISO 138

Part 1:

Part 2:

3 Ter

For the

part of a device to which an external manual action is to be applied

NOTE 1 The actuator may take the form of a handle, knob, push-button, roller, plunger, etc.
NOTE 2 There are some actuating means that do not require an external actuating force, but only an action.
NOTE 3 See also 3.34.

3.2
ambient temperature
temperature of the air or other medium where the equipment is to be used

3.3
barrier
part providing protection against direct contact from any usual direction of access


https://iecnorm.com/api/?name=271023b8335d2780b6ddfe45b2585423

60204-1 © IEC:2005 - 29 -

3.4
cable tray
cable support consisting of a continuous base and raised edges and no covering

NOTE A cable tray may be perforated or non-perforated.
[IEV 826-15-08]

3.5
cable trunking system
system of closed enclosures comprising a base with a removable cover intended

for the

complete surrounding of insulated conductors, cables, cords and for the accommodation of

other electrical equipment

3.6
concurrent
acting in conjunction; used to describe a situation wherein two or. mo
an actuated condition at the same time (but not necessarily syng

3.7
conduit

exist in

part of & closed wiring system of circular or non-circ insulated compductors

and/or dables in electrical installations, allowing t

NOTE Cpnduits should be sufficiently closezointe
drawn in and not inserted laterally.

[IEV 82¢-06-03]

3.8
control|circuit (of a mach
circuit used for the control, in

3.9
control|device

device ¢onnected int
(for example positi
valve)

3.10

control

switchin \d their combination with associated control, measuring, protect
regulating edquipment) also assemblies of such devices and equipment with as
intercor{nections, acecéssories, enclosures, and supporting structures, intended in prin
the confrol of electrical energy consuming equipment

n only be

ent

machine
perated

ve, and
ociated
Ciple for

[IEV 441-11-03, modified]

3.11
controlled stop

stopping of machine motion with electrical power to the machine actuators maintained during

the stopping process

3.12
direct contact
contact of persons or livestock with live parts

[IEV 826-12-03]
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3.13

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)

[IEC 60947-5-1, K.2.2]

3.14

duct

enclosed channel designed expressly for holding and protecting electrical conductors, cables,
and busbars

NOTE Cpnduits (See 5.7), Cable runking sysiems (see 5.9) ana underrtioor channels are types duct.

3.15

electricpal operating area

room or] location for electrical equipment to which access is intended I ?skilled
or instrycted persons, by the opening of a door or the removal ¢ lse of a

3.16
electronic equipment
part of [he electrical equipment containing circuj y its~operation on electronic

devices|and components

3.17
emergency stop device
manuall[; actuated control device used to in

ency stop function

%a em

[ISO 13850, 3.2]

NOTE Seg Annex E.

3.18

emerge
manuall
part of
involved

switch off the supply of electrical energy to|all or a
of electric shock or another risk of electrical prigin is

NOTE Se

3.19
enclosqd ele operating area
room or|location ectrical equipment to which access is intended to be restricted tp skilled
or instrdcted persons by the opening of a door or the removal of a barrier by the use of ja key or
tool and-which-is—elear i

ey marlead hy anneaneiata \winrnina oiana
Ty THakeG—Oy appropratCwartmg—stgns

3.20

enclosure

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

NOTE The definition taken from the existing IEV needs the following explanations within the scope of this part of
IEC 60204:

a) Enclosures provide protection of persons or livestock against access to hazardous parts.
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b) Barriers, shaped openings, or any other means suitable to prevent or limit the penetration of the specified test
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;
— a compartment consisting of an enclosed space within the machine structure.

3.21

equipment

material, fittings, devices, components, appliances, fixtures, apparatus, and the like used as
part of, or in connection with, the electrical equipment of machines

3.22
equipollential bonding
provision of electric connections between conductive parts, intended to achieye equipotentiality

[IEV 19%-1-10]

3.23
exposefl conductive part
conductjve part of electrical equipment, which can be 2 hich As not livie under
normal pperating conditions, but which can become liyé undenrfa

[IEV 826-12-10, modified]

3.24
extranejous conductive part
conductjve part not forming part of the/electricalN
generally the earth potential

ion and liable to introduce a potential,

[IEV 826-12-11, modified]

3.25
failure
termina

NOTE 1
NOTE 2
NOTE 3

[IEV 19

NOTE 4

3.26
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 A fault is often the result of a failure of the item itself, but may exist without prior failure.

NOTE 2 In English, the term “fault” and its definition are identical with those given in IEV 191-05-01. In the field of
machinery, the French term “défaut” and the German term “Fehler” are used rather than the terms “panne” and
“Fehlzustand” that appear with this definition.


https://iecnorm.com/api/?name=271023b8335d2780b6ddfe45b2585423

60204-1 © IEC:2005 -35-

3.27
functional bonding
equipotential bonding necessary for proper functioning of electrical equipment

3.28
hazard
potential source of physical injury or damage to health

NOTE 1 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 The hazard envisaged in this definition:

— either|is permanently present during the intended use of the machine (for example motion o
elements, electric arc during a welding phase, unhealthy posture, noise emission, hi

— or cgdn appear unexpectedly (for example: explosion, crushing hazard
unintgnded/unexpected start-up, ejection as a consequence of a breaka
accelgration/deceleration).

[ISO 12[100-1, 3.6, modified]

3.29

indirec{ contact
contact |of persons or livestock with exposed condu
fault copditions

ave become iV

[[EV 826-12-04, modified

3.30
inductiye power supply system
system pf inductive power tra
which dne or more pick-up(s
galvanig or mechanica
maching

NOTE Tpe track
respective

3.31
(electrid
person
to percdi

3.32
interloak (for safeguarding)

arrangement that interconnects guard(s) or device(s) with the control system and/or al
of the electrical supply to the machine

3.33

live part

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

NOTE This term does not necessarily imply a risk of electric shock.

Is moving

e of an
gence of

e under

r, along
out any
mobile

hnsformer

| or part

neutral
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3.34
machine actuator
power mechanism used to effect motion of the machine

3.35

machinery

machine

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

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

[ISO 12[100-1, 3.1, modified]

NOTE The term "component" is used here in a general sense and it does not refer on 3 i %ents.

3.36
marking
signs of inscriptions primarily for the purpose of ide
devices| which can include certain features thereof

and/or

3.37
neutral|conductor
N
conductpr connected to the neutral poin
transmisgsion of electrical energy

capable of contributing to the

[IEV 82¢-14-07, modified]

3.38
obstacle
part prgventing
action

but not preventing direct contact by dg¢liberate

3.39
overcul
current
capacity

ue. For conductors, the rated value is the current{carrying

[IEV 82¢-11-1¢

3.40
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 Overload should not be used as a synonym for overcurrent.

3.41

plug/socket combination

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

NOTE 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 plug and socket-outlet in accordance with IEC 60884-1 or an appliance coupler in accordance with IEC 60320-1.
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3.42

power circuit

circuit that supplies power from the supply network to units of equipment used for productive
operation and to transformers supplying control circuits

3.43
protective bonding
equipotential bonding for protection against electric shock

NOTE Measures for protection against electric shock can also reduce the risk of burns or fire.

3.44

protectjve bondinmg circuit

protectiye conductors and conductive parts connected together to proyide protection| against
electric ghock in the event of an insulation failure

3.45

protect{ve conductor

conductpr required for protective bonding by some measu electric
shock fgr electrically connecting any of the following parts:

— expgsed conductive parts;

— extraneous conductive parts;

— main earthing terminal (PE)

[IEV 826-13-22, modified]

3.46

redundancy

applicat[on of more than ohe de bjective
of ensufring that in the\even lable to
perform|that function

3.47

referen

distincti bment
3.48

risk

combing health)
and the

[ISO 12

3.49

safeguard

guard or protective device provided as a means to protect persons from a hazard

3.50

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

[1ISO 12100-1, 3.20]
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3.51
servicing level
level on which persons stand when operating or maintaining the electrical equipment

3.52

short-circuit current

overcurrent resulting from a short circuit due to a fault or an incorrect connection in an electric
circuit

[IEV 441-11-07]

3.53
(electrigally) skilled person
person Wwith relevant training, education and experience to enable him6r he percelve risks
and to gvoid hazards associated with electricity

[IEV 82¢-18-01, modified]

3.54
supplier
entity (fpor example manufacturer, contractor, installef, i a provides equipment or
serviceq associated with the machine

NOTE The user organization may also act in

3.55
switchipg device
device d

[IEV 441-14-01, modified]

NOTE A]switching device

3.56
uncontrolled sto

stopping of machine

NOTE T
hydraulic

his definition hanical or

3.57
user
entity w t chine and its associated electrical equipment

4 General requirements

4.1 General

This part of IEC 60204 is intended to apply to electrical equipment used with a wide variety of
machines and with a group of machines working together in a co-ordinated manner.

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 determine the
adequate risk reduction, and the necessary protective measures for persons who can be
exposed to those hazards, while still maintaining an acceptable level of performance of the
machine and its equipment.
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Hazardous situations can result from, but are not limited to, the following causes:

Safety measures are a combination of.the me
those mleasures required to be impleménted by

The degign and development process
Where the hazards cannot be remov
inherenfly safe design mea

providei i
provide

risk can|be necessary.

The usq of the en
order tg
conditio
addition

4.2

4.2

failures or faults in the electrical equipment resulting in the possibility of electric shock 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 power

circuits resulting in the malfunctioning of the machine;

loss of continuity of circuits that depend upon sliding or rolling contacts, resulting in a

failure of a safety function;

elecfrical disturbances for example, electromagnetic, electrostatic
elecfrical equipment or internally generated, resulting in the malfun

rele@se of stored energy (either electrical or mechanical) resulting
sho¢k, unexpected movement that can cause injury;

audible noise at levels that cause health problems to pe

surface temperatures that can cause injury.

facilitate an

provi
machi

facil
impn

Side the

achine;

electric

m them.
Liced by
shall be
hall be
l reduce

n basic
Those

roup of

Selection of equipment

1 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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Electrical equipment in compliance with the IEC 60439 series

The electrical equipment of the machine shall satisfy the safety requirements identified by the
risk assessment of the machine. 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 60439 series (see also Annex F).

NOTE The IEC 60439 series specifies requirements for equipment covering a wide range of possible applications
of low-voltage switchgear and controlgear assembilies.

4.3 Electrical supply

4.3.1 General

The electrical equipment shall be designed to operate correctly with the rcaonditiong of the

supply:

— as specified in 4.3.2 or 4.3.3, or

— as olherwise specified by the user (see Annex B), or

— as specified by the supplier in the case of a special so i as an gn-board

gengrator.

4.3.2 AC supplies

Voltag1 ominal voltage.

Frequency guency continuously;

Harmonics c i exceeding 10 % of the total r.m.s| voltage

¢ for the sum of the 2"d through t¢ the 5t

Ark additiohal 2 % of the total r.m.s. voltage }:etween

for the sum of the 6t through to the 30th
missible.

Voltage unbalance ' voltage of the negative sequence componen{ nor the

oltage of the zero sequence component in three-phase pupplies
eding 2 % of the positive sequence component.

Voltage intet ply interrupted or at zero voltage for not more than [3 ms at

y random time in the supply cycle with more than 1 s pbetween
successive interruptions.

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

4.3.3 DC supplies

From batteries:

Voltage

Voltage

0,85 to 1,15 of nominal voltage;

0,7 to 1,2 of nominal voltage in the case of battery-operated

vehicles.

interruption Not exceeding 5 ms.
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From converting equipment:

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

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

4.3.4 Special supply systems

For spefcial supply systems such as on-board generators, the limits given in
may be| exceeded provided that the equipment is designed to operate™co
conditiops.

3.2 a!‘vd 4.3.3
ctha with those

4.4 Physical environment and operating conditions
4.4.1 General

The elgctrical equipment shall be suitable for the nt and operating
conditions of its intended use. The requirements 4. } cover the physical
environnent and operating conditions of the ' i nes covered by this| part of
IEC 60204. When special conditions app e, limi i e exceeded, an agfeement
betweer user and supplier (see 4.1) ca

4.4.2 Electromagnetic compatibility (EMC)

The equipment shall gnetic “disturbances above levels that are
appropr|ate for its intended i t. Jnaddition, the equipment shall have a level
of immulnity to electroma ic di 8s”so thaf it can function in its intended envirgnment.

NOTE 1 |The generie"EM \ 6-1 or IEC 61000-6-2 and CISPR 61000-6-3 or IEC $1000-6-4
give genefal EMC ef on aqd i anity lintits.
NOTE 2 [IEC 61000-5- 2 i gUideli arthing and cabling of electrical and electronic systems|aimed at

ensuring andards exist (for example, IEC 61496-1, IEC 61800-3, IEC 60947}5-2) they

take prece

Measurgs to imi ation, of electromagnetic disturbances, i.e. conducted and fadiated
emissio :

- pow

cable shielding;

enclpsures designed to minimize RF radiation;

RF suppression techniques.

Measures to enhance the immunity of the equipment against conducted and radiated RF
disturbance include:

— design of functional bonding system taking into account the following;

- connection of sensitive electrical circuits to the chassis. Such terminations should be
marked or labelled with the symbol IEC 60417-5020 (DB:2002-10):

»
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- connection of the chassis to earth (PE) using a conductor with low RF impeda
as short as practicable;

— connection of sensitive electrical equipment or circuits directly to the PE circuit

nce and

or to a

functional earthing conductor (FE) (see Figure 2), to minimize common mode disturbance.

This latter terminal should be marked or labelled by the symbol IEC 604

(DB:2002-10):

— separation of sensitive circuits from disturbance sources;

— enclosures designed to minimize RF transmission;

17-5018

— EM({ wiring practices:

termination.

4.4.3 Ambient air temperature

jctors of

bedance

Electrical equipment shall be capabl orrectly in the intended ambient air
temperdture. The minimum requirement ical equipment is correct operation
betweern air temperatures ¢ hot environments (for example hot
climategy, steel mills, pag can be
necesss

4.4.4

The ele numidity
does nd ties are
permittg

Harmful si ondensation shall be avoided by design of the equipment or,
where ne s, drain
holes).

4.4.5 Altitude

Electricat—equipment shailbe capabite of operating correctly at aititudes up to 000 ™ above

mean sea level.

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 Annex B).
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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. A special agreement can be necessary between the supplier and
the user (see Annex B).

4.4.8 Vibration, shock, and bump

Undesirable effects of vibration, shock and bump (including those generated by the machine
and its associated equipment and those created by the physical environment) shall be avoided
by the selectlon of suitable eqmpment by mountlng it away from the machme or by provision

[ : i lier and

aken to
f —25 °C
shall be
can be

necessa

NOTE E

4.6 Plrovisions for handling

Heavy gnd bulky electrical equipment that
or that |s independent of the machine,\sh
cranes ¢r similar equipme

qQved from the machine for transport,
with suitable means for handling by

4.7

"HS tosbe
Istallation

Electrical equips 3 i i eccordance with the electrical equipment supplier's
instructipns.

5 Inc j and
sSw

5.1

It is rec nnected

to a si of the

equipmen t supply

should be derlved as far as is practlcable from devices (for example transformers
converters) forming part of the electrical equipment of the machine. For large complex
machinery comprising a number of widely-spaced machines working together in a co-ordinated
manner, there can be a need for more than one incoming supply depending upon the site
supply arrangements (see 5.3.1).

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.
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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).

There shall be no connection between the neutral conductor and the protective bonding circuit
inside the electrical equipment nor shall a combined PEN terminal be provided.

Exception: a connection may be made between the neutral terminal and the PE terminal at the
point of the connection of the power supply to the machine for TN-C systems.

All termy nce with
IEC 60445 and 16.1. For the identification of the external protective conductortermihal, see
5.2.

5.2 Terminal for connection to the external protective earthi

For each incoming supply, a terminal shall be provided in cinity S iated phase
conductpr terminals for connection of the machine to the external p i i ystem or
to the external protective conductor, depending upon the istributi

The terminal shall be of such a size as to en otective

copper ¢onductor with a cross-sectionalarea in

Tabl¢ 1 — Minimum cross-sectional area protective copper condyctor

ihigu% cross-sectional area of
e external protective copper
conductor
Sp mm2

S

16

S/2
Where rotective cenductor of a material other than copper is used, the terminal

size sh4

At each|i
system
IEC 60445),

oint, the terminal for connection of the external protective parthing
rotective conductor shall be marked or labelled with the letters [PE (see

5.3 Supply disconnecting (isolating) device
5.3.1 General
A supply disconnecting device shall be provided:

— for each incoming source of supply to a machine(s);

NOTE The incoming supply can be connected directly to the machine or via a feeder system. 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.
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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).

When 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:

a) swit¢h-disconnector, with or without fuses, in accordance with IEC 6094Y-3,, utilization
catepgory AC-23B or DC-23B;

b) discgnnector, with or without fuses, in accordance with IEC 6094 Auxiliary
contpct that in all cases causes switching devices to break the re the
opening of the main contacts of the disconnector;

c) a cirpuit-breaker suitable for isolation in accordance with

d) any pther switching device in accordance with an IE ice and
whigh meets the isolation requirements of IEC category
defined in the product standard as appropriate(for/© br other
induptive loads;

e) a plug/socket combination for a fl

5.3.3 Requirements

When the supply disconne nall fulfil

all of the following require

— isolgte the electricg £ pply and have one OFF (isolated) and one
ON position mark (symbols IEC 60417-5008 (DB:2002-10) and
IEC 60417- 3. ;

— havg a visible co ¢ a position indicator which cannot indicate OFF (isolated) until
all he requirements for the isolating function haye been
satigfi

— have means (for example handle), (exception: power-qperated
swit¢ e operable from outside the enclosure where there are othef means
to ope xternal operating means is not intended for emergency opgrations,
itis| ehded thatit be coloured BLACK or GREY (see 10.7.4 and 10.8.4);

— be pgrovided with 2 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 preyented;

— disconnect all live conductors of 1Is 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/or loads. The
calculated breaking capacity may be reduced by the use of a proven diversity factor.

When the supply disconnecting device is a plug/socket combination, it shall fulfil the following
requirements:
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— have the switching capability, 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/or loads. The calculated
breaking capacity may be reduced by the use of a proven diversity factor. When the
interlocked switching device is electrically operated (for example a contactor) it shall have
an appropriate utilisation category.

— a)tof)of 13.4.5,

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

Where the supply disconnecting device is a plug/socket combination, a switching device with
an approprlate ut|I|sat|on category shaII be prowded for SW|tch|ng the machine on and off. This

5.34

The ope e easily

accessible and located between 0,6 m and 1,9 m above the s¢ g A S limit of

1,7 m isfrecommended.

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

5.3.5 Excepted circuits

The follpwing circuits need not be disco

— light|ng circuits for lighting needed dui

— plug| and socket outlets for the e ols and
equipment (for example hand drills,\test

— undgrvoltage protectio i event of
supply failure;

— circyits supplying =‘ ipm 5 ¢ ally remain energized for correct operation
(for |example 3 easuring devices, product (work in plogress)
heaters, prog

— cont

It is re¢ uch circuits be provided with their own discopnecting

device.

laced in

or more
of the following shall apply;

- a permanent warning label in accordance with 16.1 is affixed in proximity to each
excepted circuit, or

- the excepted circuit is separated from other circuits, or

- the conductors are identified by colour taking into account the recommendation of
13.2.4.
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5.4 Devices for switching off for prevention of unexpected start-up

Devices for switching off for the prevention of unexpected start-up shall be provided (for
example where, during maintenance, a start-up of the machine or part of the machine can
create a hazard).

Such devices shall be appropriate and convenient for the intended use, shall be suitably
placed, and readily identifiable as to their function and purpose (for example by a durable
marking in accordance with 16.1 where necessary).

NOTE 1 This part of IEC 60204 does not address all provisions for prevention of unexpected start up. See
ISO 14118 (EN 1037).

Means ghall be provided to prevent inadvertent and/or mistaken closure of{these evicgs either
at the controller or from other locations (see also 5.6).

The follpwing devices that fulfil the isolation function may be provided

— deviges described in 5.3.2,

— discpnnectors, withdrawable fuse links and withdrawabl nclosed

elecjrical operating area (see 3.19).

Devices| that do not fulfil the isolation function (for exampleis i bff by a

control ons that incluge:

— inspgctions;

— adjuptments;

— workK
- there is no hazard drisi

t
- the work is o
cisturbin' g

NOTE 2
of the devi
enclosed

without

nded use
ocated in

55 O

Devices work to

be carri

— apptopriate and convenient for the intended use;

— suitably placed;
— readily identifiable as to which part(s) or circuit(s) of the equipment is served (for example
by durable marking in accordance with 16.1 where necessary).

Means shall be provided to prevent inadvertent and/or mistaken closure of these devices either
at the controller or from other locations (see also 5.6).
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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 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.

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;
- dlsconnectors withdrawable fuse links and W|thdrawable Imks onIy if located |n an electrical

opera equipment
(see
NOTE W g4e links or
withdrawg
5.6 P
The devi perating
area sh j state),
(for exa remote
as well
Where rawable
links) %t abels in
accordance with 16.1) may be provided,
However, if can be
kept un becuring
in the di
6 Prg
6.1 G
The ele¢
— dired
— indir
The mepsures for this protection given in 6.2, 6.3, and, for PELV, in 6.4, are a recommended
selectiop from IEC 60364-4-41. Where those recommended measures are not practicable, for

example due to the physical or operational conditions, other measures from IEC 60364-4-41
may be used.

6.2 Protection against direct contact
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.
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Exception: where those measures are not appropriate, other measures for protection against
direct contact (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 6.2.5 and 6.2.6).

When 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
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 conform to the relevant requirements of

Clauseg 4, 11, and 14 and that provide protection against direct contact of at\least [IP2X or

IPXXB (jsee IEC 60529).

Where [the top surfaces of the enclosure are readily accessible\ the mini bree of

protectipn against direct contact provided by the top surfaces shall be

Opening an enclosure (i.e. opening doors, lids, covers, & ible only

under one of the following conditions:

a) The j areas,
see
NOTE 1 ons (see
17.2 p)12)).
All 1i nded for
such 5t direct
cont rotected
agai

b) The bned.
This| may be ice (for
example, th hen the
discpnnecting bd when
the tj

Exception: feat the

interloch

— itis s while the interlock is defeated to open the disconnecting device
and S prevent
unaythorised Closure of the disconnecting device;

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

— all liveparts; thatare tikety tobetouched-whenm resettimgor adjustimgdevicesimtended for

such operations while the equipment is still connected, are protected against direct contact
to at least IP2X or IPXXB and other live parts on the inside of doors are protected against
direct contact to at least IP1X or IPXXA;

— relevant information is provided with the electrical equipment (see 17.2 b)9) and b)12)).

NOTE 2 The special device or tool is intended for use only by skilled or instructed persons (see 17.2 b)12)).
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Means shall be provided to restrict access to live parts behind doors not directly interlocked
with the disconnecting means to skilled or instructed persons. (See 17.2 b)12)).

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).

Excepted from this requirement for marking are:

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) Opehing without the use of a key or a tool and without disconnection (of live parts,[shall be
posgible only when all live parts are protected against direct contact t IP2X or
IPXXB (see IEC 60529). Where barriers provide this protection, Bquire a
tool [for their removal or all live parts protected by them shall be a Pnected
when the barrier is removed.

NOTE 3 Where protection against direct contact is achieved in accopdance with 6:2,2/¢), rd can be
caused by manual actuation of devices (for example manual closi e , actuation
should be prevented by barriers or obstacles that require a tool for thei

6.2.3 Protection by insulation of live parts

Live pafts protected by insulation sha only be

removed by destruction. Such insulation s i i hanical,

chemicagl, electrical, and thermal stresses.to whi j perating

conditiohs.

NOTE Palnts, varnishes, lacque
protectiorn| against electric sho

imila proalon aré generally considered to be inadgquate for
operating i 8.

6.2.4 Protection a

Live pafts havin id aterthan 60 V after the supply has been discgnnected
shall be|discharged ¢t in‘a time period of 5 s after disconnection of thg supply
voltage f d|sc arge does not interfere with the proper functionirlg of the
equipment. Exem \is requirement are components having a stored charge ¢f 60 uC
or less. N e of discharge would interfere with the proper functioning of the
equipme otice drawing attention to the hazard and stating the delay

requlre be remay be opened shall be displayed at an easily visible lodation on

the enclosure containing the capacitances.

In the gasel of pl or similar devices, the withdrawal of which results in the exp¢sure of
conductprsiAfor example pins), the discharge time shall not exceed 1s, otherwise such
conductors shall be protected against direct contact to at least IPZX or IPXXB. IT 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), additional switching devices or an appropriate warning device (for example a
warning notice in accordance with 16.1) shall be applied.

6.2.5

Protection by barriers

For protection by barriers, 412.2 of IEC 60364-4-41 shall apply.
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6.2.6 Protection by placing out of reach or protection by obstacles

For protection by placing out of reach, 412.4 of IEC 60364-4-41 shall apply. For protection by
obstacles, 412.3 of IEC 60364-4-41 shall apply.

For conductor wire systems or conductor bar systems with a degree of protection less than
IP2X, see 12.7.1.

6.3 Protection against indirect contact

6.3.1 General

Protectipn against indirect contact (3.29) is intended to prevent hazardous/situations-dle to an
insulatign fault between live parts and exposed conductive parts.

For each circuit or part of the electrical equipment, at least one of the i prdance
with 6.3|2 to 6.3.3 shall be applied:

— meapures to prevent the occurrence of a touch voltage

— automatic disconnection of the supply before the t
becqme hazardous (6.3.3).

age can

NOTE 1 Tlhe risk of harmful physiological effects from a to h voltage
and the dpration of possible exposure.

NOTE 2 H

6.3.2

6.3.2.1 General

Measurgs to prevent th

— provjsion of

— elecjrical separdtic

6.3.2.2 i i n of class Il equipment or by equivalent insulation

This me le parts
through

This pra

— clasg- W selectrical devices or apparatus (double insulation, reinforced insulation or by
equivatentimsutatiomimaccordance withHEC611407;

— switchgear and controlgear assemblies having total insulation in accordance
with IEC 60439-1;

— supplementary or reinforced insulation in accordance with 413.2 of IEC 60364-4-41.
6.3.2.3 Protection by electrical separation
Electrical 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 of
the live parts of that circuit.

For this type of protection, the requirements of 413.5 of IEC 60364-4-41 apply.
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6.3.3 Protection by automatic disconnection of supply

This measure consists of the interruption of one or more of the line conductors
automatic operation of a protective device in case of a fault. This interruption shall occu

by the
r within

a sufficiently short time to limit the duration of a touch voltage to a time within which the touch

voltage is not hazardous. Interruption times are given in Annex A.

This measure necessitates co-ordination between:

— the type of supply and earthing system;
— the impedance values of the different elements of the protective bonding system;

h la 4 HP £ 4l 4 i <l + dlo ot ol ot - | P £ IF Wi
- t e gharactertstcsorine PIULCULIVE UTVILTOS UTdlU UTLTULU THToUTatiult Taultly

Automatic disconnection of the supply of any circuit affected by an in
to prevegnt a hazardous situation resulting from a touch voltage.

This prdtective measure comprises both:

— protective bonding of exposed conductive parts (see 8.2

ntended

— and gither:
a) on of the supply on
b) nesidual current protective de ifiti je-disconnection of thé¢ supply

ts or to

c) ipsulation monitoring or residual initiate ayitomatic
isconnection of IT S nterrupt
he supply in the case of(the J shall be
rovided to indicate t hductive
arts or to earth. i br visual
ignal whieh.sh
OTE In @ achi , the ision of an earth fault location system can facilitate maintenar|ce.

ided as

Where 1.is provided in accordance with a), and disconnection wjithin the
time sp not Be assured, supplementary bonding shall be pro
necesss ents of Clause A.3.

64 P
6.4.1

The use Of PELV (Protective Extra-Low Voltage) is to protect persons against electric shock

H - b N N (I b L Lo . b ol Q.0 o
from indirectcontactandtimitedareadirectcontact (S€EE0.270).

PELV circuits shall satisfy all of the following conditions:

a) the nominal voltage shall not exceed:

e 25V a.c. rm.s. or 60 V ripple-free d.c. 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 6Va.c.r.m.s.or 15 Vripple-free d.c. in all other cases;

NOTE Ripple-free is conventionally defined for a sinusoidal ripple voltage as a ripple content of
than 10 % r.m.s.

not more
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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 );

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:

1) plugs shall not be able to enter socket-outlets of other voltage systems;

6.4.2

— a sdurce of current providing a degree of safety equivalent totha solating
trangsformer (for example a motor generator with winding providi ipn);

s specifying measurgs to be
, the voltage at the ¢utgoing
ter

7 Prdtection of equip

7.1 General

"

This Clduse det@w 3 aken’to protect equipment against the effects g

— over
— over
— abng
— loss

— over

— incofre€tphase sequence;

— overvoltage due to lightning and switching surges.

7.2 Overcurrent protection
7.21 General

Overcurrent protection shall be provided where the current in a machine 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.
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7.2.2 Supply conductors
Unless otherwise specified by the user, the supplier of the electrical equipment is not

responsible for providing the overcurrent protective device for the supply conductors to the
electrical equipment (see Annex B).

The supplier of the electrical equipment shall state on the installation diagram the data
necessary for selecting the overcurrent protective device (see 7.2.10 and 17.4).

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.

The following conductors, as applicable, shall not be disconnected
associafed live conductors:

vithout\diseonnelcting all

— the Ieutral conductor of a.c. power circuits;
— the

— d.c. power conductors bonded to exposed conductj

arthed conductor of d.c. power circuits;

Where gqual to or equijalent to
that of the phase conductors, it is not ne i nt detection for the neutral
conduct . eutral conductor with p cross-
sectiong iat f ors, the measures detailed in

524 of IEC 60364-5-52 shall apply.

In IT systems, it is recommended ral sonductor is not used. However, where a
neutral gonductor is used;\the n .2.2 of IEC 60364-4-43 shall apply.

7.2.4 Control circ

Conducfors of co i nnected to the supply voltage and of circuits sppplying
control ¢ircuit transfe )E £ ted against overcurrent in accordance with 7.2.3.

Conduc
protecte

ptied by a control circuit transformer or d.c. supply [shall be
ge also 9.4.3.1):

— in c¢ i s connected to the protective bonding circuit, by inserting an ovdrcurrent

uits, by

hefe the same cross sectional area conductors ar

OU—a Ove Cl DTOTC Ve UTV O

- where different cross sectional areas conductors are used in different sub-circuits, by
inserting an overcurrent protective device into both switched and common conductors of
each sub-circuit.

7.2.5 Socket outlets and their associated conductors

Overcurrent protection shall be provided for the circuits feeding the general purpose socket
outlets intended primarily for supplying power to maintenance equipment. Overcurrent
protective devices shall be provided in the unearthed live conductors of each circuit feeding
such socket outlets.
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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.

7.2.7 Transformers

Transformers shall be protected against overcurrent in accordance with the manufacturer’s
instructions. Such protection shall (see also 7.2.10):

— avoid nuisance tripping due to transformer magnetizing inrush currents;
— avoifl a winding temperature rise in excess of the permitted value for the ms\%\m\r;’lclass of
aryder

trangformer when it is subjected to the effects of a short circuit at its inals.

The type and setting of the overcurrent protective device should ©
recommiendations of the transformer supplier.

ccorfdance y|th the

7.2.8 Location of overcurrent protective devices

eduction in thp cross-
arrying capacity of the

An overcurrent protective device shall be located at
sectiongl area of the conductors or another change r
conductprs, except where all the following conditior

— the ¢

— the part of the conductor between the\poi i - i ityfand the
posifi @

— the -cifcuit, for

example, protected byan

7.2.9 Overcurrent

The ratgd short—@
point of installation:

all be at least equal to the prospective faulf current
rt-circuit current to an overcurrent protectivé device
an from the supply (for example from motofs, from

ofi e device for the supply conductors (see 7.2.2) having the ndcessary

IS\ ins d on the supply side. In that case, the characteristics of|the two

co ordinated so that the let-through energy (12t) of the two devices in series

hat”which can be withstood without damage to the overcurrent piotective

device pn\dihe load side and to the conductors protected by that device (see Anan A of

NOTE The use of such a co-ordinated arrangement of overcurrent protective devices can result in the operation of
both overcurrent protective devices.

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.
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7.2.10 Rating and setting of overcurrent protective devices

The rated current of fuses or the setting current of other overcurrent protective devices shall 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 is determined by the current
carrying capacity of the conductors to be protected in accordance with 12.4, D.2 and the
maximum allowable interrupting time ¢ in accordance with Clause D.3, taking into account the
needs of co-ordination with other electrical devices in the protected circuit.

7.3 Protection of motors against overheating

7.3.1 General

Protecti bre than

0,5 kW.

Exceptions:
In appli
example
can respond.

ble (for
bperator

Protecti

— over

NOTE
exce

hat are in

— over

NOT onses.

— curr

Automa shall be
prevent i se a~hazardous situation or damage to the machine or to {he work
in progr

7.3.2

Where ¢verloadiprotection is provided, detection of overload(s) shall be provided in gach live
conductpr except for_the neutral conductor. However, where the motor overload detectipn is not
used fof “cable overload protection (see also Clause D.2), the number of overload detection
devices may be reduced at the request of the USer (Se€ also Annex B). For motors having
single-phase or d.c. 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 neutral conductor is not necessary for overload
protection.
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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.

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

7.3.3 Over-temperature protection

The prolision of motors with over-temperature protection (see IEC 60034411) is\recegmjmended

protectipn devices or are adequately dimensioned), w ssibili berature
exists (for example due to reduced cooling).

7.3.4 Current limiting protection

Where protection against the effects“of owve ing phase motors is achipved by
current [limitation, the number of currentNimitati [ be reduced from 3 t¢ 2 (see
7.3.2). For motors having single phase/a.c or d. awerssupplies, current limitation in pnly one
unearthed live conductor is i

7.4 Abnormal temperature

Resistapce heating t i , are capable of attaining or causing apnormal
temperdtures (f ) rating or loss of cooling medium) and therefore
can calse a hazarfdot i i be provided with suitable detection to initiate an
appropr|ate control (e

7.5 P 2 ply interruption or voltage reduction and subsequent

Where 3 interruption or a voltage reduction can cause a hazardous situation, damage to

the mac work in progress, undervoltage protection shall be prowded by, for
example, swutch ng offithe machine at a predetermined voltage level.

Where : voltage
for a short time perlod delayed undervoltage protect|on may be prowded 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 responses 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 restarting.

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 a centrifugal switch or speed limit m

7.7 Earth fault/residual current protection

In additjon to providing overcurrent protection for automatic di i ibefd in 6.3,
earth fault/residual current protection can be provided to reduc igpment due to
earth faylt currents less than the detection level of the over€urr

The setfing of the devices shall be as low as possib e i ign of the
equipment.

7.8 Phase sequence protection

Where an incorrect phase sequence of t 2 itdyation or
damage
NOTE (]
—a mach

— a mobil

79 P

Protecti due to

lightning

gssion of overvoltages due to lightning shall be connected to the
of the supply disconnecting device.

— deviges/ for the Suppression of overvoltages due to switching surges shall be connected
acrossithe terminals of all equipment rnqniring such protection

8 Equipotential bonding

8.1 General

This Clause provides requirements for both protective bonding and functional bonding. Figure 2
illustrates those concepts.
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Protective bonding is a basic provision for fault protection to enable protection of persons
against electric shock from indirect contact (see 6.3.3 and 8.2).

The objective of functional bonding (see 8.3) is to minimize:

— the consequence of an insulation failure which could affect the operation of the machine;

— the consequences of electrical disturbances to sensitive electrical equipment which could
affect the operation of the machine.

Normally functional bonding is achieved by connection to the protective bonding circuit, but
where the level of electrical disturbances on the protective bonding circuit is not sufficiently low
for proper functioning of electrical equipment, it may be necessary to connect the functional
bonding] circuit to a separate functional earthing conductor (see Figure 2).

@%

24
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Chassis of sensitive
electrical equipment

i i
i i
i !
i !
i !
: T I —— ! I :
i i I | Sensitive electrical [
i i i Control circuit supply ! equipment o
i i 1(8.3:9.4.3.1) ! o
i i i ' . Lo
i | ! I Do
i —® i [
i : !
| 1
1 1
Structural - protective : @ Protective
bonding | ponding (8.2) ! bonding (8.2)
(8.2.1) i Ny ~1 N
i ™~ Y|
i
1
1

PE-terminals of the electric
equipment and other
conductive parts requiring a

protective bonding(8.
PN
L *—o L2

!
' FE terminal f

for connection of
the external functional
earthing conductor

\We including its electrical equipment

B 2 i .

Optional connections: EC 1389/05

Functional bonding (8.3)
including protective bonding (8.2)

Functional bonding only (8.3) either to the protective conductor
or to the functional earthing conductor

NOTE The functional earthing conductor was previously referred to as ‘noiseless earth conductor’ and the ‘FE’
terminal was previously designated ‘TE’ (see IEC 60445).

Figure 2 — Example of equipotential bonding for electrical equipment of a machine
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rotective bonding circuit

General

The protective bonding circuit consists of:

— PE terminal(s) (see 5.2);
— the protective conductors in the equipment of the machine including sliding contacts where

they

are part of the circuit;

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

— those extraneous conductive parts which form the structure of the machine.

All part
withstan
currents

Where fhe conductance of structural parts of the electrical equi

than th4
supplen
shall h4
conduct]

If an IT
bonding

Conduc
the prof
maching

provided is in accordance

Exposed conductiye pa 3 3 accordance with 6.3.2.3 shall not be conn
the protgective b Cil

8.2.2

Protecti

Copper
electricd
such co

The cro|

ding the highest thermal and mechanical stresses that can
that could flow in that part of the protective bonding circuit.

t of the smallest protective conductor connected to
entary bonding conductor shall be provided. Thi
ve a cross-sectional area not less than halftr
pr.

ive structural parts of equipment in accerdancewith 6.3.2.2 need not be conn

ective bonding circuit. Extraneous(cendugti arts which form the structur
need not be confe o_the p' boriding circuit where all the eq

5 of the protective bonding circuit shall be so designed tha ca;LabIe of

rth-fault

ing is less

parts, a
nductor
otective

otective

pcted to
b of the
uipment

bcted to

sed, its
ctor and

with the

5s-Sectional area of protective conductors shall be determined in accordance

require

— 543

4 £
1Tt UT.

of IEC 60364-5-54; or

— 7.4.3.1.7 of IEC 60439-1, as appropriate.

This requirement is met in most cases where the relationship between the cross-sectional area
of the phase conductors associated with that part of the equipment and the cross-sectional
area of the associated protective conductor is in accordance with Table 1 (see 5.2).

See also 8.2.8.
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8.2.3 Continuity of the protective bonding circuit

All exposed conductive parts shall be connected to the protective bonding circuit in accordance
with 8.2.1.

Exception: see 8.2.5.

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 bondlng pomts shall be so deS|gned that the|r current- carrylng capacity is not

impaired res and
conduct be given
to the p

Metal d Used as
protectiye conductors. Nevertheless, such metal ducts an of all
connecting cables (for example cable armouring, lead sh to the
protectiye bonding circuit.

Where the electrical equipment is mounted on lids/ dog € , inuity of the
protectiye bonding circuit shall be ensured i 1 2.2) is
recommended. Otherwise fastenings, Ai a low
resistance shall be used (see 18.2.2, 1

The corjtinuity of the protective conductor in cab bxample
flexible i itoring).
For red [ wires,
conduct]

8.24 om the protective bonding circuit

The prg incorporate a switching device or an ovdrcurrent
protecti

No mea i i protective bonding conductor shall be provided.
Exception:links or'measurement purposes that cannot be opened without the use of a
tool and d in an enclosed electrical operating area.

Where [thé/continuity of the protective bonding circuit can be interrupted by mpans of
removable current collectors or plug/socket combinations, the protective bonding circuit shall
be interrupted by a first make last break contact. This also applies to removable or
withdrawable plug-in units (see also 13.4.5).

8.2.5 Parts that need 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 of IEC 60364-4-41).

8.2.6 Protective conductor connecting points

All protective conductors shall be terminated in accordance with 13.1.1. The protective
conductor connecting points shall have no other function and are not intended, for example, to
attach or connect appliances or parts.

Each protective conductor connecting point shall be marked or labelled as such using the
symbol |[EC 60417-5019 (DB:2002-10):

or with|the letters PE, the graphical symbol being preferre bicolour
combination GREEN-AND-YELLOW, or by any combinatio

8.2.7 Mobile machines

hductive
ch form

On mohi
structur

the strug provide
protecti nnected
to an ex hnection

point fo

NOTE W items of
equipmen xternal supply onnected (for example when an on- board battery chailger is not
connecte O

8.2.8 quirements for electrical equipment haviphg

han 10 mA a.c. or d.c.
NOTE 1 J ented ine “current flowing from the live parts of an installation to eafth, in the
absence i i & 01-24). This current may have a capacitive component inclyding that
resulting 3
NOTE 2 justa speed electrical power drive systems that comply with relevant parts of IEC $1800 will
have an da 3 C ater than 3,5 mA a.c. A touch current measurement method is specified|as a type
testin IE ine the earth leakage current of an adjustable speed electrical power drive[system.
Where ¢ speed
electrical power drlve systems and |nformat|on technology equment) that is grea er than
10 mA &€ F ; s for the

assomated protect|ve bonding CII’CUIt shall be satisfied:

a) the protective conductor shall have a cross-sectional area of at least 10 mm?2 Cu or
16 mm?2 Al, through its total run;

b) where the protective conductor has a cross-sectional area of less than 10 mm2 Cu or
16 mmZ2 Al, a second protective conductor of at least the same cross-sectional area shall be
provided up to a point where the protective conductor has a cross-sectional area not less
than 10 mmZ2 Cu or 16 mmZ2 Al.

NOTE 3 This can require that the electrical equipment has a separate terminal for a second protective
conductor.

c) automatic disconnection of the supply in case of loss of continuity of the protective
conductor.
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To prevent difficulties associated with electromagnetic disturbances, the requirements of 4.4.2
also apply to the installation of duplicate protective conductors.

In addition, a warning label shall be provided adjacent to the PE terminal, and where necessary
on the nameplate of the electrical equipment. The information provided under 17.2 b)1) shall
include information about the leakage current and the minimum cross-sectional area of the
external protective conductor.

8.3 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.

For refommendations regarding functional bonding to avoid {maloperati due to
electromagnetic disturbances, see 4.4.2.

8.4 easures to limit the effects of high leakage current

The eff¢cts of high leakage current can be restricted to the equj leakage
current |by connection of that equipment to a dedicate A geparate
winding$. The protective bonding circuit shall be conp conductive parfs of the
equipm ¢ 3 otective
conduct y Minding of the transformier shall
comply

9 Col

91 C

9.1.1

Where ¢ontrol c@}s r pliec / Lised for
supplying the con i S ormers shall have separate windings. Where| several
transformers are us i nended that the windings of those transformers be
connect| ) 2

Where dl.c. ircUi bonding
circuit (pee. 8.2.1), they shall“be supplied from a separate winding of the a.c. contrgl circuit
transforpm

NOTE Sitch-made™ units\fitted with transformers having separate windings in accordance with IEC 6[1558-2-17
meet this|requirement:

Transfokmers-are not mnnr\lni‘nry for machines with-a Qingln motor starter and/or a maximum of

two control devices (for example interlock device, start/stop control station).

9.1.2 Control circuit voltages

The nominal value of the control voltage shall be consistent with the correct operation of the
control circuit. The nominal voltage shall not exceed 277 V when supplied from a transformer.

9.1.3 Protection

Control circuits shall be provided with overcurrent protection in accordance with 7.2.4
and 7.2.10.
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9.2 Control functions

NOTE 1 Information on the safety-related aspects of control functions is given in 1SO 13849-1 (1999),
ISO 13849-2 (2003), and IEC 62061.

NOTE 2 This subclause does not specify requirements for the equipment used to implement control functions.
Examples of such requirements are given in Clause 10.

9.2.1 Start functions

Start functions shall operate by energizing the relevant circuit (see 9.2.5.2).

9.2.2 Stop functions

There afe three categories of stop functions as 10llOWS:

— stop category 0: stopping by immediate removal of power to the(mac

— stop category 1: a controlled stop (see 3.11) with pow
actuators to achieve the stop and then
is achieved;

— stop pategory 2: a controlled stop with power left avai

9.2.3 Operating modes

Each machine can have one or more ©perati ¢ ine and
its application. When a hazardous situatio horised
and/or i P perated

switch, access code).

Mode sg¢lection by itself he start

control shall be required,

For eadh specifi
shall be|impleme .

easures

Indicatid a mode
selector

9.2.4

Where it is he to~suspend safety functions and/or protective measures (for example for

setting ¢r mainte purposes), protection shall be ensured by:

— disapliag all other operating (control) modes; and

— other relevant means (see 4.11.9 of ISO 12100-2:2003), that can include, for example, one
or more of the following:

- initiation of operation by a hold-to-run device or by a similar control device;

- a portable control station with an emergency stop device and, where appropriate, an
enabling device. Where a portable control station is in use, initiation of motion shall only
be possible from that control station;
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- a cableless control station with a device to initiate stop functions in accordance with
9.2.7.3 and, where appropriate, an enabling device. Where a cableless control station is
in use, initiation of motion shall only be possible from that control station;

- limitation of the speed or the power of motion;
- limitation of the range of motion.

9.2.5 Operation

9.2.5.1 General

The necessary safety functions and/or protective measures (for example interlocks (see 9.3))

shall be prn\/idnd for safe npnrafinn

Measurgs shall be taken to prevent movement of the machine in an uri {ev xpected
manner| after any stopping of the machine (for example due to lgcked iti s power
supply fault, battery replacement, lost signal condition with cablelge

ure that
n.

Where & machine has more than one control station, measur
initiation of commands from different control stations do no

9.2.5.2 Start

The staft of an operation shall be possi ant safety functiong and/or

protectiye measures are in place and_are.op atid conditions as desdribed in
9.2.4.

On thoge machines (for example mobile n ines here safety functions and/or protective
measurg¢s cannot be applied\for certain‘op 9 al control of such operations [shall be
by hold-to-run controls, tog i ablj gvices; as appropriate.

Suitablqg interlocks,.shall be*previ to(Se e _correct sequential starting.

In the case of ma;' a start,
each of i device.
The con

— all requiré

— all stz

- alls

9.2.5.3

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 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).
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Where required, facilities to connect protective devices and interlocks shall be provided. If such
a protective device or interlock causes a stop of the machine, it may be necessary for that
condition to be signalled to the logic of the control system. The reset of the stop function shall
not initiate any hazardous situation.

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.

9.2.5.4 Emergency operations (emergency stop, emergency switching off)

9.2.54.1 General

This part of IEC 60204 specifies the requirements for the emergency stog and
switchinlg off functions of the emergency operations listed in Annex E,
part of IEC 60204, initiated by a single human action.

nlergency
hIC arg, in this

Once agtive operation of an emergency stop (see 10.7) or em itchi be 10.8)
actuatoll has ceased following a command, the effect of this command 'med until
it is reqet. This reset shall be possible only by a manua ere the
command has been initiated. The reset of the command._shall nef inery but

only permit restarting.

It shall pot be possible to restart the m 3 ve been
reset. 1§ shall not be possible to reepergi achi il_a itdhing off
commands have been reset.

NOTE Emergency stop and emergency switchjng off are ‘€omyp entary protective measures that are npt primary
means of|risk reduction for hazards (for example trapping, enta ent, electric shock or burn) at a maghine (see
ISO 1210p (all parts)). %

9.2.54.2 Emergency stop

Principlg¢s for the desig e S quipment, including functional aspects, afe given

in 1ISO 1

The em gory 1

(see 9.2. Its of a

risk ass

In addit has the

followin

— itsh

— power Mo the machine actuators that can cause a hazardous situation(s) shall be either
removed immediatety (stop category 0)orstattbeTomntrotted—msuch—=—way to—stop the

hazardous motion as quickly as possible (stop category 1) without creating other hazards;
— reset shall not initiate a restart.

9.2.54.3 Emergency switching off

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

Emergency switching off should be provided where:

— protection against direct contact (for example with 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); or

— there is the possibility of other hazards or damage caused by electricity.
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Emergency switching off is accomplished by switching off the relevant incoming supply by
electromechanical switching devices, effecting a stop category 0 of machine actuators
connected to this incoming supply. When a machine cannot tolerate this stop category 0 stop, it
may be necessary to provide other measures, for example protection against direct contact, so
that emergency switching off is not necessary.

9.2.5.5 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.

1 drarr el o + 1 e
NOTE O[I SUTTC TTialtuaity CUOTITUTICU TIatTies, UPTTdiUTs Pruoviuc TITUTITTOTTITY .

9.2.6 Other control functions

9.2.6.1 Hold-to-run controls

Hold-toqrun controls shall require continuous actuation o to [achieve

operatign.

NOTE Ho

9.2.6.2

Three ty lection of which is determined
by the r

Type I:

— the provision of tworcontrol devices and urrent actuation by both hands;

— cont

— machine @ devices

whep hazardous

A Type zardous
operatign.

Type Il peration
can be 1

Type Il 5

_ it SI'\QH ha nacaccarvy tn actiinta tha cantral davicoac within A cartain tima limit oAf and h Other
e eEeS5Saty—to—actuatetHe—-CotroraeviceS— WA e ot e—HHt—o+Eaf ,
not exceeding 0,5 s;

— where this time limit is exceeded, both control devices shall be released before machine
operation can be initiated.

9.2.6.3 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
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b) when de-activated
— initiates a stop function, and
— prevents initiation of machine operation.
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. It should not be possible to defeat the enabling function by simple means.

9.2.6.4 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.

9.2.7 Cableless control
9.2.7.1 General

This subclause deals with the functional requirements of control systems e i bbleless
(for exgmple radio, infra-red) techniques for transmitting €omma si ween a
maching control system and operator control station(s).

NOTE Spme of these application and system considerations can also-be applicable to employing
serial dath communication techniques where the communicati i , twisted-
pair, optidal fibre).

Means ghall be provided to readily re
control gtation (see also 9.2.7.3).

bperator

Means
prevent|unauthorized use of

sary, to

Each operator control

(are) intended to i con
9.2.7.2 Control Li :

ne(s) is

n those

Where necessary, means shall be provided so that the machine can only be controlled from
operator control stations in one or more predetermined zones or locations.

9.2.7.3 Stop

Operator control stations shall include a separate and clearly identifiable means to initiate the
stop function of the machine or of all the operations that can cause a hazardous situation. The
actuating means to initiate this stop function shall not be marked or labelled as an emergency
stop device, even though the stop function initiated on the machine can fulfil an emergency
stop function.
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A machine which is equipped with cableless control shall have a means of automatically
initiating the stopping of the machine and of preventing a potentially hazardous operation, in
the following situations:

— when a stop signal is received;

— when a fault is detected in the cableless control system;

— when a valid signal (which includes a signal that communication is established and
maintained) has not been detected within a specified period of time (see Annex B), except
when a machine is executing a pre-programmed task taking it outside the range of the
cableless control where no hazardous situation can occur.

9.2.7.4 Use of more than one operator control station

Where @ machine has more than one operator control station, includin bbleless
control $tations, measures shall be provided to ensure that only on ?ns can
be enaljled at a given time. An indication of which operator control | of the
maching shall be provided at suitable locations as determined t of the
maching.

Exception: a stop command from any one of the ¢0 i e when
requireq by the risk assessment of the machine.

9.2.7.5 Battery-powered operator

A variation in the battery voltage sha Dr more
potentially hazardous motions are co bperator
control [station, a clear warning shall|be giv battery
voltage |[exceeds specified Aimits. i control
station shall remain functiona \ O a non-
hazardous situation.

9.3 Plrotectiv erlo

9.3.1 Reclosing ©

The reg machine
operatign.

NOTE Rl 5.3.2.5 of
ISO 1210

9.3.2 1g operating limits

Where an-operating limit (for example speed _pressure pasition) 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
example pressure sensors).

Where the non-operation of a motor or device for an auxiliary function (for example lubrication,
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.
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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 (for example those which
initiate 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 circuit can occur when switching.

Where, for safety or for continuous operation, certain functions on the machine are required to
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,

provisio

associa
be prov

9.3.5
Where
prevent

can cau
purpose

Control

94 C

9.4.1 General requijren

Where failures cal equipment can cause a hazardous sitU
damagel to the machi n progress, appropriate measures shall be
minimiz Ak snce of such failures or disturbances. The
measurg are implemented, either individually or in com
depend aciated with the respective application (see 4.1).

The ele its shall have an appropriate level of safety performance
been dd the’risk assessment at the machine. The requirements of IE
and/or I8 ISO 13849-2:2003 shall apply.

n shall be made to co-ordinate the operations of the controllers as heces

ded to switch off the machine actuator.

Reverse current braking

pbraking of a motor is accomplished by curre : shall be pro
the motor starting in the opposite direction (at f akirlg where that
nachi i k in progress.

Measurtfs to'reduce those risks include but are not limited to:

hen the
ks shall

vided to
reversal
For this

|ly, shall

ation or
aken to
required
bination,

hat has
C 62061

— protective devices on the machine (for example interlocking guards, trip devices);

— protective interlocking of the electrical circuit;

— use of proven circuit techniques and components (see 9.4.2.1);

-  prov

- prov

ision of partial or complete redundancy (see 9.4.2.2) or diversity (see 9.4.2.3);
ision for functional tests (see 9.4.2.4).


https://iecnorm.com/api/?name=271023b8335d2780b6ddfe45b2585423

60204-1 © IEC:2005 - 109 -

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

9.4.2 Measures to minimize risk in the event of failure
9.4.2.1 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
(see|9.4.3.1 and Figure 2);

— connection of control devices in accordance with 9.4.3.1;

unctional, purposes

— stopping by de-energizing (see 9.2.2);
— the gwitching of all control circuit conductors to the device bei 413.1);
— swit¢hing devices having direct opening action (see IEC6094
— circyit design to reduce the possibility of failures ca

9.4.2.2

By prov nimize the probability that one
single f s’situation. Redundancy| can be
effectivg igned as special circuits that take over
the prot operating function fails.

suitable
d.

Where pff-line redund
measures shall be tak

9.4.2.3

The use types of

compon and/or

failures|

— the rlocking
guar

— the ¢ombination~of’electromechanical and electronic equipment in redundant configurations.
The cormmmmmmmﬁrlmaunc,

pneumatic) may perform the redundant function and provide the diversity.

9.4.24 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 maloperation due to earth faults, voltage interruptions and
loss of circuit continuity
9.4.3.1 Earth faults

Earth faults on any control circuit shall not cause unintentional starting, potentially hazardous
motions, or prevent stopping of the machine.

Methods to meet these requirements include but are not limited to the following:

Method a) Control circuits, fed by control transformers:

ectedl to the

1) In cfse of earthed control circuit supplies, the common conductor (is co

prot¢ctive bonding circuit at the point of supply. All contacts, so nts etc.,
whigh are intended to operate an electromagnetic or other devijc a relay,
indigator light) are inserted between one side, the switched conducto bl circuit
supply and one terminal of the coil or device. The other device
(preferably always having the same marking) is connected common
conductor of the control circuit supply without any switching.eleme
Exception: Contacts of protective devices ma common
conductor and the coils, provided that:
-t
-t n fault is
U
2) Con bonding
circy ice that
inten
Method ing, this
centre t with the
overcur juctors.
NOTE 1 d fage on a
relay coil|
NOTE 2 (
Method
1) dire
2) dire r and a
neufral conductor of a supply that is not earthed or is earthed through a high impedance,
Multi-p TOP of

those machine functions that can cause a hazardous situation or damage to the machine in the
event of unintentional starting or failure to stop, or in the case of c) 2), a device shall be
provided that interrupts the circuit automatically in the event of an earth fault.
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Switched conductor

@ L 2
 E—

Overcurrent
protective device
(see 7.2.4)

% ‘ % Control circuit supply

g

Connection to protective bonding
1 circuit for method a)1 only
—_—

Figure 3 — Met

Overcurrent protective

device (see 7.2.4) (\

IEC 1391/05

Figure 4 — Method b)

9.4.3.2 Voltage interruptions

The requirements detailed in 7.5 shall apply.

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.
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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).

10 Operator interface and machine-mounted control devices

10.1 General

10.1.1 General device requirements

This CILuse contains requirements for devices mounted outside or partially outsidg control

enclosures.

As far gs is practicable, those devices shall be selected, mounied, a i ifi oded in

The possibility of inadvertent operation shall be minimized_by;, mple, positipning of
devices| suitable design, provision of additional protective . Rarticular consideration
shall bel given to the selection, arrangement, programming 8 ; operator input|devices
such a$ touchscreens, keypads and keyboards i 9 of hazardous nachine
operatigns. See IEC 60447.

10.1.2 | Location and mounting

such as

h of the

10.1.3 Protection

The degree of protection (see IEC 60529) together with other appropriate measures shall
afford protection against:

— the effects of aggressive liquids, vapours, or gases found in the physical environment or
used on the machine;

— 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 of IPXXD (see IEC 60529).
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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 shall have direct opening action
(see IEC 60947-5-1) or shall provide similar reliability (see 9.4.2).

NOTE A safety-related control function is intended to maintain the safe condition of the machine or prevent
hazardous situations arising at the machine.

10.1.5 Portable and pendant control stations

selected
ised by
ikes an

Portablg and pendant operator control stations and their control devices.shall be(so
and arranged as to minimize the possibility of inadvertent maching. operations
shocks |and vibrations (for example if the operator control station
obstruction) (see also 4.4.8).

10.2 Plush-buttons
10.2.1 | Colours

Push-bytton actuators shall be colour-coded in 9.2 and

Annex B).

The colpurs for START/ON actuators ¢ x with a
preference for WHITE. RED shall not be-used.

The colpur RED shall be us [S.

The col ence for
BLACK. D is not
used ne

WHITE, K. are _the-prefefred colours for push-button actuators that alfernately
act as S ] g EN shall

not be U

WHITE,
operatid
hold-to-f

are the preferred colours for push-button actuators thgt cause
ated and cease the operation when they are released (for ¢xample
ED, YELLOW, or GREEN shall not be used.

Reset gush-buttons shall be BLUE, WHITE, GREY, or BLACK. Where they also 4ct as a
STOP/OFF—buttom,—the cotours WHITE, GREY, or BCACK are preferred—witithe main
preference being for BLACK. GREEN shall not be used.

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-button actuators.
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Table 2 — Colour-coding for push-button actuators and their meanings

Colour Meaning Explanation Examples of application
Emergency stop
RED E Actuate in the event of a hazardous
mergency situation or emergency Initiation of emergency function

(see also 10.2.1)

Intervention to suppress abnormal

; condition
YELLOW Abnormal ActLée_ztt_e in the event of an abnormal
condition Intervention to restart an
interrupted automatic cycle
BLUE Mandatory Actuate for a condition requiring Rosot functicr—
4 mandatory action
GREEN Normal Actuate to initiate normal conditions | (See 1

RO
N\

No specific For general initiation of functions STA

GREY meaning assigned ﬁéf:)pt for emergency stop (SeZ\YFCw F
BLACK STARTION~.
\SJ\OP/O F (preferred)

NOTE ey ositMexture) is used for the
identificgtion of push-button actuators, then the.same colour Y, or"BLACK may be used fgr various
functions
10.2.2
In addit 16.3, it is recommended that push-
buttons , irec n the actuators, with the symbols [given in
Table 3
ymbaoals for push-buttons
START or ON OP.or F Push-buttons acting Push-buttons actipg as
alternately as START or START or ON buttons when
STOP buttons and as ON pressed and as STOH or OFF
or OFF buttons buttons when reldased
(i.e. hold-to-rup)
IEC 6 IE 60417-5008 IEC 60417-5010 (DB:2002-10) | IEC 60417-5011 (DB:2002-10)
(DB: > (DB:2002-10)
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10.3.1 General
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d displays

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.

Indicatof lights and displays shall be selected and installed in such a
normal position of the operator (see also IEC 61310-1).

from thg

Indicatof light circuits used for warning lights shall be fitte

operability of these lights.

10.3.2 | Colours

Unless
shall be|
Table 4

Table 4 — Colours for indicatorlights ‘and

the condition of. t

ings with respect to

b visible

ck the

br lights
nce with

(@RN
Colouf Meaning /Expka}mgtio\ \ Action by operator
RED Emergency zaNus conditi Immediate action to deal with hazardous
condition (for example switching off thel machine
supply, being alert to the hazardous copdition
/\ and staying clear of the machine)
YELLOW AbnM bnormal eonditio Monitoring and/or intervention (for example by
mpendi ittcalcondition re-establishing the intended function)
BLUE Mandato I ichondition that Mandatory action
requires action by the operator
GREEN orm\l\ l\%r{n&condition Optional
WHITE ther conditions; may be used Monitoring
henever doubt exists about the
application of RED, YELLOW,
GREEN, BLUE
Indicatirg towers on machines should have the applicable colours In the 1ollowing oraer 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 lights
and displays can be provided for the following purposes:
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— to attract attention;

— torequest immediate action;

— toindicate a discrepancy between the command and actual state;
— toindicate a change in process (flashing during transition).

It is recommended that higher frequency flashing lights or display be 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, audible

warning devices should also be provided.

10.4 Illjuminated push-buttons

llluminated push-button actuators shall be colour-coded in accordan

RED for{the emergency stop actuator shall not depend on the illumination\ofj

10.5 Rotary control devices

Devices| having a rotational member, such as potentiometers.angd/selector

considered sufficient.

10.6 Sttart devices
Actuatofs used to initiate a start functio
slides, spindles, carriers) shall be constr

operatign. However, mus
ISO 13851).

10.7 E
10.7.1

Devices

Emerge

There
emergency stop~devi

means 1for example;vinformation for use) shall be provided to minimise confusion.

itches, sh
means |of prevention of rotation of the stationary membe tion> alone shall

and 4.
5 colour

all have
not be

bxample
dvertent
ee also

bcations

inactive
cases,

10.7.2 Types of emergency stop device
The types of device for emergency stop include:

— a push-button operated switch with a palm or mushroom head type;
— a pull-cord operated switch;
— a pedal-operated switch without a mechanical guard.

The devices shall have direct opening operation (see IEC 60947-5-1, Annex K).
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10.7.3 Colour of actuators

Actuators of emergency stop devices shall be coloured RED. If a background exists
immediately around the actuator, then this background shall be coloured YELLOW. See also

ISO 13850.

10.7.4 Local operation of the supply disconnecting device to effect emergency stop

The supply disconnecting device may be locally operated to serve the function of emergency

stop when:

— itis readily accessible to the operator; and

— it is pf the type described in 5.3.2 a), b), ¢), or d).

When glso intended for such use, the supply disconnecting devigce\shal
requirements of 10.7.3.

10.8 Emergency switching off devices

10.8.1 | Location of emergency switching off devices
Emerge
Normall

necessd
switchin

NOTE T
off device|

10.8.2

- apu
- apu

The deV

10.8.3

Actuato

immediately around the actuator, then this background shall be coloured YELLOW.

kﬁ{m colour

lication.
rf:fre it is
ergency

switching

d exists

Where confusion can occur between emergency stop and emergency switching off devices,

means shall be provided to minimise confusion.

10.8.4 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 should meet the colour requirements of 10.8.3.
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10.9 Enabling control device

When an enabling control device is provided as a part of a system, it shall signal the enabling
control to allow operation when actuated in one position only. In any other position, operation
shall be stopped or prevented.

Enabling 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:

— desi

ned in accordance with ergonomic principles;

— for 4

- [
- 0
— for 4
- 0
- f
- 0
- \
NOTE Th
11 Co
1.1 G
All cont
- itsa
— its p
opef

— oper

11.2 L

11.21

All item

osition 1: off-function of the switch (actuator is not operated);

osition 2: enabling function (actuator is operated).

osition 1: off-function of the switch (actuator is not

osition 2: enabling function (actuator is operated-i

:cessibil@
rotection aga

moving

two-position type:

three-position type:

éar shall be placed and oriented so that they can be identified

nded to

without

them or the wiring. For items that require checking for correct operation or

that are

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.
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All controlgear shall be mounted so as to facilitate its operation and maintenance from the
front. 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.

No devices except devices for operating, indicating, measuring, and cooling shall be mounted
on doors or on normally removable access covers of enclosures. 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-

interchangeable features where the lack of such a facility can result in

Plug/sog¢ket combinations that are handled during normal op
mounted so as to provide unobstructed access.

Test points for connection of test equipment, where providéd

— moupted so as to provide unobstructed access;
— cleafly identified to correspond with the docu
— adequately insulated;

— suffigiently spaced.

11.2.2

Non-ele shall not
be loca should
be sepa nt).
Control c to both
supply and control g ' y to the

control

Termind

— powe
— assdqciated«control circuits;

— othef control circuits, fed from external sources (for example for interlocking).

The groupsmmay bemounted adjacently, providedthateachgroup cam be Teadity 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 maintained, taking into account
the external influences or conditions of the physical environment.
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11.2.3 Heating effects

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.

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, and swarf.

NOTE 1 Im} H o f + tH H % 1 e I 1 H H ol o
et e eRtSTorpProteCot— agaiStetrettit—Snotiare—gvei—oratdSe—o~

NOTE 2 |The degrees of protection against ingress of water are covered by IEC 6 nal’ protective

measureslcan be necessary against other liquids.

Enclosufes of controlgear shall provide a degree of protection of at le 30529).

Exceptions:

a) Whare an electrical operating area is used as a pro ropriate
degree of protection against the ingress of solid bg

b) Whgre removable collectors on conductor wire-Q a nd IP22
is nqt achieved, but the measures o i

NOTE 3 |Some examples of applications, along with\th e closures,
are listed|below:

— venfilated enclosure, containing only moto IP10

— venfilated enclosure, containing other equ IP32

— enclpsure used in generaldnd P32, IP43
and P54

— enclpsure used in locations that are cl A IP55

— enclpsure providing pro IP65

— enclpsure cont ip IP2X

Dependinp upon the cond

1.4 E

Enclosu hanical,

electricd nmental

factors

Fastene rovided

for vie ithstand

mechan sheet of

not less than 3 mm thickness).

It is recommended that enclosure doors be not wider than 0,9 m and have vertical hinges, 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:
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— 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
ensure the degree of protection specified for the equipment. Openings for cable entries shall
be easily re-opened 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, prdust can penetrate. This requirement does not apply to electrical devices speécifically
designefd to operate in oil (for example electromagnetic clutches) nor to electrical equipment in
which cpolants are used.

Where there are holes in an enclosure for mounting purposes;™ 5sary to

Equipment that, in normal or abnormal operation, can attai temperature sufficient to
cause a|risk of fire or harmful effect to an enclosure b

— be lgcated within an enclosure that will withsta i i ct, such
temperatures as can be generated; e

— be mounted and located at a sufficsient™\di S ] to allow
safe|dissipation of heat (see also 11. e

— be gtherwise screened by material that ean wi without risk of fire or harmful effect,
the heat emitted by the Q
NOTE A warning label in accordan i naybe neces

11.5 Access tc@

Doors inp gangways’a

— bea
— opef

— have e use of

a ke

Enclosu S to allow
escape,| for 'exampte.panic bolts on the inside of doors. Enclosures intended for such|access,
for example“for resetting, adjusting, maintenance, shall have a clear width of at least 0,/ m and
a clear height of at least 2,1 m.

In cases where:

— equipment is likely to be live during access; and
— conducting parts are exposed,
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the clear width shall be at least 1,0 m. In cases where such parts are present on both sides of
the access way, the clear width shall be at least 1,5 m.

NOTE These dimensions are derived from ISO 14122 series.
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 external
influences (for example ambient temperature, presence of water or corrosive substances,
mechanjcal stresses (including stresses during installation), fire hazards) that can exist

NOTE Fprther information is given in CENELEC HD 516 S2.

These fequirements do not apply to the integral wiring of ass
devices|that are manufactured and tested in accordance with ¢
example [EC 60439-1).

mDp

12.2 Conductors

In genefal, conductors shall be of copper. Where_a
sectiongl area shall be at least 16 mm?2.

e Cross-

d not be
or other
Chanical

To enSLl:e adequate mechanical streng
less thaph as shown in Table 5. However
constru
strength

NOTE (i

Type of conductor, cable

\/\\S/ingle core Multicore
N \F_I-e{(ible Solid Two core, Two core THree or
Locatjon Arplicati Class 50or 6 | (class 1) or shielded not shielded | morle cores,
stranded shi¢lded or

(class 2) not

DN
\z\gﬁfrw 1,0 1,5 0,75 0.75 0,75

Wiring Power-cireliits,

outside subjected to frequent 1,0 - 0,75 0,75 0,75
(protectl a) maovements
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)
1)
enclosures U | o ntrol circuits 0,2 0,2 0,2 0,2 0,2
Data communication - - - - 0,08

NOTE All cross-sections in mm2,

1) Except special requirements of individual standards, see also 12.1.
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Class 1 and class 2 conductors are primarily intended for use between rigid, non-moving parts.

All conductors that are subject to frequent movement (for example one movement per
machine operation) shall have flexible stranding of class 5 or class 6.

12.3 Insulation
The types of insulation include (but are not limited to):

— polyvinyl chloride (PVC);

— rubber, natural and synthetic;

hour of

— silicpne rubber (SiR);

— mingral;
— crosp-linked polyethylene (XLPE);
— ethylene propylene compound (EPR).

to the pfopagation of a fire or the emission of toxic or corrosi
supplier| should be sought. It is important to give sp
having a safety-related function.

The inS\reIation of cables and conductors tised,

— not |
a.c.pr 120V d.c., or

— not |ess than 500 V a.c. for a du
class$ Ill equipment).

The ms

rds due
he cable
A circuit

an 50V

54-4-41,

sulation

124 C
The cu , i s on several factors, for example insulation fnaterial,
number 2 ing and

ambient

NOTE 1 O
given by t

One typical ~example Yof the current-carrying capacities for PVC insulated wiring
enclosufes and individual items of equipment under steady-state conditions is given in ]

ndards or

between
[able 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 should be consulted.
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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.1.2)
B1 B2 C E
Cross-sectional Current-carrying capacity I, for three phase circuits
area A
mm?2
0,75 8,6 8,5 9,8 10,4
150 1673 64 57 +24
1,5 13,5 13,1 15,2 \ 1
2,5 18,3 17,4 21 < 22
4 24 23 2 3
6 31 30 36 3
10 44 40 5 52
16 59 54 66 70
25 77 70 8 88
35 96 86 1 110
50 117 61 5 133
70 149 1 0 171
95 180 1 194 207
120 (70 225 240
Flectronic \\)
(pairs)
0,20 ; 4,4 4,4
,5 7,5 7,8
9,0 9,5 10
NOTE w\épacity of Table 6 are based on:
- of i ircuit fof cross-sectional areas 0,75 mm2 and greater;
— of culf pair forcrossssectional areas between 0,2 mm2 and 0,75 mm2.
WhDe e ables/pairs“are installed, derate the values of Table 6 in accordance with Tables D.2
or D.Bs
NOTIE or, ambient temperatures other than 40 °C, correct the current-carrying capacities by using
valugs givenin
NOTIE 3./ These values are not applicable to flexible cables wound on drums (see 12.6.3).
NOTE 4 For the current-carrying capacities of other cables, see TEC 60364-5-52.

12.5 Conductor and cable voltage drop

The voltage drop from the point of supply to the load 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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12.6 Flexible cables
12.6.1 General

Flexible 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 conductors (see

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;

— stregs resulting from guide rollers and forced guiding, being wound

drunps.

NOTE 2 |[Cables for such conditions are specified in relevant national standards.

NOTE 3 |The operational life of the cable will be reduced where unfavour
tensile stjess, small radii, bending into another plane and/or where frequent d

12.6.2 | Mechanical rating

The caflle handling system of the machine shall be\so de
the congluctors as low as is practicable.during "
are usefl, the tensile stress applied to

cross-s:ﬁ1 i

15 N/m e used and the allowed
tensile 9

The maxi pli flexible cables with material otk

copper $hall be within the cable n

NOTE The following cond
— accelergtion force@
— speed gf motion;

— dead (h

— method

— design

12.6.3

Cables

drums shall be selected with conductors having a cross-sectio

such thatfwhen fully wound on the drum and carrying the normal service load, the m
aIIowabL-em@a@emmpe%m-mm—emdedi' .

¥p the tensile 3

d re-wound (Ln cable

h as high

tress of

Where copper cofductors

copper
4 limit of
naximal

er than

hal area
aximum

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 60621-3).

NOTE The current-carrying capacity of cables in free air can be found in manufacturers’ specifications or in

relevant national standards.
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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 - - - -

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 suitable

apertures, as ventilated.

NOTE 2 [A"ventilated cylinder drum IS one where the layers ol cable are accommodateq bet
flanges apd the drum and end flanges have ventilating apertures.

NOTE 3 | It is recommended that the use of derating factors be discussed with cable_and,‘the\cg
manufactprers. This may result in other factors being used.

y spaced

ble drum

12.7 donductor wires, conductor bars and slip-ring assemblies
12.7.1 | Protection against direct contact

Conduc
a way t

— protection by partial insulation of live
— prot

Horizontal top surfaces of\barrig S hrat are readily accessible shall p

degree pf protection of|a IEC 60364-4-41).

Where the requi 4 tection_is\pot achieved, protection by placing live par
natiop » itching off in accordance with 9.2.5.4.3

reach ip combi
applied.

Conduc i bars shall be so placed and/or protected as to:

1O

in such
chieved

ovide a

s out of
hall be

for unprotected conductor wires and conductor bars, with
as the cords of pull-cord switches, strain-relief devices a

hd drive

12.7.2 Protective conductor 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 conductor circuit 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
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 8.2.4).

12.7.5 | Clearances in air

Clearang pnductor
wires, C le for at
least a nated impulse voltage of an overvoltage category Ill in a i C 60664-1.

12.7.6 | Creepage distances

Creepage distances between the respective condu S 1dj ems of
conductpr wires, conductor bars and slip-ring asgse i a Qi shall be
suitable|for operation in the intended envi , inside
buildingp, protected by enclosures.

In abngrmally dusty, moist or corroSive envi s, the following creepage {istance

requirements apply:

— unpiotected conductor wire and slip-ring assemblies shall be equipped
withlinsulators with [a mini

— enclpsed conductar wif i d multipole conductor bars and insulated individual
conductor b i page distance of 30 mm

The ma 's all be followed regarding special measures to|prevent

a gradd values due to unfavourable ambient conditipns (for

examplg

12.7.7

Where (¢
sectionyq,
sectiong by the curre

onductor bars are arranged so that they can be divided intolisolated
ign measures shall be employed to prevent the energization of adjacent
nt collectors themselves.

12.7.8 Construction and installation of conductor wire, conductor bar systems and
slip-ring assemblies

Conductor wires, conductor bars and slip-ring assemblies in power circuits shall be grouped
separately from those in control circuits.

Conductor wires, conductor bars and slip-ring assemblies shall be capable of withstanding,
without damage, the mechanical forces and thermal effects of short-circuit currents.
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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 a protective bonding conductor at several
points depending upon their length. Metal covers of conductor bars laid underground or
underfloor shall also be bonded together and connected to a protective bonding conductor.

NOTE For the protective bonding together of covers or cover plates of metal enclosures or underfloor ducts, the
metal hinges are considered sufficient to ensure continuity.

Undergraund and underfloor conductor bar ducts shall have drainage facilities.

13 Wiring practices

13.1 CGonnections and routing
13.1.1 | General requirements

All connections, especially those of the protective bonding-cirg
accidental loosening.

all be secured|against

The means of connection shall be areas and naturg of the

conductprs being terminated.

The connection of two or more conductors_to one
where the terminal is designed for that pu H
. i

inal is permitted only in those cases
, only one protective conduc}or shall
be connected to one terminal conrecting\po

Soldere itted where terminals are provided that are suifable for
soldering.

Terming inly marked or labelled to correspond with markings
on the d

Where onnection (for example, arising from replacement of flevices)
can be a s 3 not practicable to reduce the possibility of incorrect conpnection
by desigh mes o8 onductors and/or terminations shall be identified in accordapce with

The ins{allatien of
the fittings.

exible conduits and cables shall be such that liquids shall drain away from

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.

Terminal blocks shall be mounted and wired so that the internal and external wiring does not
cross over the terminals (see IEC 60947-7-1).
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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 joints for the purpose of this Subclause.

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;
repair of cable due to mechanical stresses during installation and operation), splices or joints
may be used.

Where ’I‘t is necessary to connect and disconnect cables and cable assemblies, a dufficient

extra lemgth shall be provided for that purpose.

The terminations of cables shall be adequately supported to pr
the terntinations of the conductors.

Wherever practicable, the protective conductor shall be associgted live

conductprs in order to decrease the impedance of the loop:

13.1.3 | Conductors of different circuits

Conduc uct (for
example may the\same/multiconductor cable provided
that the i Where
those ¢ suitable
barriers e same
duct ca hase to
earth va

13.1.4 | Connec be

supply e

The cahb cturer of
the indu

— ass

— aded

NOTE T in a high
voltage h

13.2 ldentificatiomof conductors
13.2.1 General requirements

Each conductor shall be identifiable at each termination in accordance with the technical
documentation (see Clause 17).

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
colour and numbers or alphanumeric. When numbers are used, they shall be Arabic; letters
shall be Roman (either upper or lower case).

NOTE Annex B can be used for agreement between supplier and user regarding a preferred method of
identification.
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13.2.2 Identification of the protective conductor

The protective conductor shall be readily distinguishable by shape, location, marking, or colour.
When identification is by colour alone, the bicolour combination GREEN-AND-YELLOW shall
be used throughout the length of the conductor. This colour identification is strictly reserved for
the protective conductor.

For insulated conductors, the bicolour combination GREEN-AND-YELLOW shall be such that
on 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 can be easily identified by its shape, position, or construction
(for exgmple a braided conductor, uninsulated stranded conductor), nsulated
conductpr is not readily accessible, colour coding throughout its length j but the
ends or|accessible locations shall be clearly identified by the graphica 17-5019
(DB:2002-10) or by the bicolour combination GREEN-AND-YELLO
13.2.3 | Identification of the neutral conductor
Where a circuit includes a neutral conductor that is identifj ur used
for this th other coloufs, it is
recommended that an unsaturated blue be used| ca blue” (see B.2.2 of
IEC 604 tificati 5f the neutral condugtor, that
colour §| ) e confusion is possible
Where shall be
either ¢ at each
accessi
13.2.4 | Identification by colo
Where [colour-coding i otective
conductpr (see may be
used:

B BLUE),
NOTE Thi
It is recommended that, where colour is used for identification, the colour be used throughout
the length of the-eonductor either by the colour of the insulation or by colour markers af regular
intervalg and at the_ends or accessible location.

For safety reasons, the colour GREEN or the colour YELLOW Should not be used where there
is 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 bicolour
combination GREEN-AND-YELLOW.

Where colour-coding is used for identification of conductors, it is recommended that they be
colour-coded as follows:

— BLACK: a.c. and d.c. power circuits;
— RED: a.c. control circuits;


https://iecnorm.com/api/?name=271023b8335d2780b6ddfe45b2585423

60204-1

- BLU

© IEC:2005 - 1583 -

E: d.c. control circuits;

— ORANGE: excepted circuits in accordance with 5.3.5.

Excepti

ons: to the above are permitted where:

— insulation is used that is not available in the colours recommended; or
— multiconductor cable is used, but not the bicolour combination GREEN-AND-YELLOW.

13.3 Wiring inside enclosures

Conductors inside enclosures shall be supported where necessary to keep them in place. Non-

metallic
materia

It is reg¢

constru
(see ald

Connecfi
flexible
part. Th
of the e

Conduc

Termingl blocks or plug/socket combinati

beyond

Power gables and cables

the devi

13.4.1

The me

enclosuf

13.4.2

Conduc
enclose

ces for which t
13.4 Wiring out:d -

ducts shall be permitted only when they are made with a flame-retardant in
(see the IEC 60332 series).

the enclosure. For plug/socket com

0 sha k iri
ns, see also 13.4.5 and 13.4.6.

ors.'and their connections external to the electrical equipment enclosure(s)

sulating

e using
nt of the
endently

extends

L into an

shall be

H in“suitable ducts (i.e. conduit or cable trunking systems) as described in 13.1

b except

for suitably protected cables that may be installed without ducts and with or without the use of
open cable trays or cable support means. Where devices such as position 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 so located or protected,

that the

risk of damage is minimized.


https://iecnorm.com/api/?name=271023b8335d2780b6ddfe45b2585423

60204-1 © IEC:2005 - 1565 -

Fittings used with ducts or multiconductor cable shall be suitable for the physical 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

Connections to frequently moving parts shall be made using conductors in accordance
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 ¢here i Chanical
strain on the connection points nor any sharp flexing. When this is achi ision of
a loop, |t shall have sufficient length to provide for a bending radius of least 10
times thie diameter of the cable.

Flexible| cables of machines shall be so installed or protect
external damage due to factors that include the followi

ibility of

— beinp run over by the machine itself;
— bein

— com

— accd
— excgssive rubbing by

— expgsure to excessjve radiat

The cahle sheath/sh
and to the effec
Where aken to
maintain a space n/between the moving parts and the cables. Whre that

bvement

distance i barriers shall be provided between the cables and thg moving
parts.

The calle h § shall be so designed that lateral cable angles do not ex¢eed 5°,
avoiding

— beingwound 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
a drum.

Devices serving to guide and carry a flexible cable shall be so designed 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, taking into account the permissible tension and
the expected fatigue life.
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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 6 d 8d 8d
Festoon systems 6 d 6 d 8 d
All others 6d 6d 8d
The strgdight section between two bends shall be at least 20 times the dj Cable.
Where flexible conduit is adjacent to moving parts, the constructi ) ind” means

Flexible| conduit shall not be used for connections subj€ee
except When specifically designed for that purpose.

13.4.4 | Interconnection of devices on the ma

ements

Where e position sensorg, push-

buttons that the connections pbetween

those de¢vices be made through terminals— ng intermediate test points. Such termingls shall

be conv Qwngn the relevant diagrams.

13.4.5

Where inati ey shall fulfil one or more of the fpllowing

requiren >

Excepti

enclosufe, terminated\b

connect]

a) Wh
type
or rg .
circyits argsexcepted from this requirement.

b) Hav¢ a first make’ last break protective bonding contact (earthing contact) (see 3lso 6.3,
8.2.4)\ifUsed in TN- or TT-systems.

c) 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.

d) Plug/socket combinations that are rated at more than 16 A shall have a retaining means to
prevent unintended or accidental disconnection.

e) Where an unintended or accidental disconnection of plug/socket combinations can cause a

hazardous situation, they shall have a retaining means.
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The installation of plug/socket combinations shall fulfil the following requirements as
applicable:

f) 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.

g) Metallic housings of plug/socket combinations shall be connected to the protective bonding
circuit. PELV circuits are excepted from this requirement.

h) 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

underldoad

i) Whgre more than one plug/socket combination is provided lectrical
equipment, the associated combinations shall be clearly identifiablg? ded that
mechanical coding be used to prevent incorrect insertion.

j) Plug/socket combinations used in control circuits shall fulfil hents of
IEC 61984. Exception: see item k).

k) Plug/socket combinations intended for household and s all not be
used for control circuits. In plug/socket combinations-in C 60309%-1, only
those contacts shall be used for control circuits w S.

Exception: The requirements of item k) do not g nfrel functions using high frequency

signals pn the power supply.

13.4.6 | Dismantling for shipment

Where

S necte shipment, terminals or plug/socket
combing Sec gints. Such terminals shall be [suitably

enclose shall belNgrotected from the physical envifonment
during t

13.4.7

Considgrati J i oviding additional conductors for maintenance of repair.
When s fors provided,/they shall be connected to spare terminals or is¢lated in

such a

13.5 Du
13.5.1

Ducts shall,provide a“degree of protection suitable for the application (see IEC 60529).

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.
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In 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.

Ducts 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.
In areas where human passage is required, the ducts and cable trays shall be mounted at
least 2 m above the working surface.

Ducts shall be provided only for mechanical protection (see 8.2.3 for requirements for
connection to the protective bonding circuit).

Cable tray trunking
systemq (see 13.5.6), and the cables used shall be of a type suitable with or
without the use of open cable trays or cable support means.

13.5.2 | Percentage fill of ducts

Considgration of the percentage fill of ducts should be based-on he straightness ength of
the duct and the flexibility of the conductors. i ’ % ipns and
arrangement of the ducts be such as to facilitate the inser bles.
13.5.3

Rigid mp material
suitable jalvanic
action should be avoided.

Conduits

Fittings ings shall
be thregded unless str [ i . itti e used,
the conduit shall e equi

Conduit and the
internal

13.5.4

A flexibl shall be
suitable

Fittings [shall be compatible with the conduit and appropriate for the application.

13.5.5 Flexible non-metallic conduit and fittings

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.
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13.5.6 Cable trunking systems

Cable trunking systems external to enclosures shall be rigidly supported and clear of all moving
or contaminating portions of the machine.

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 nking em | shall fit

tightly bt ne not e gsketed.

The only openings permitted shall be those required for wiring or fo
systemq shall not have opened but unused knockouts.

trunking

13.5.7 | Machine compartments and cable trunking systems

The usg of compartments or cable trunking systems withir chine to
enclose| conductors is permitted provided the com i ms are
isolated| from coolant or oil reservoirs and are entir . nclosed

compariments and cable trunking systems shall b are not
subject fo damage.

13.5.8 | Connection boxes and other boxes

Connectlion boxes and other boxes usr irlng” purposes shall be accesdible for
maintenjance. Those boxe&s shall provide pratection against the ingress of solid bodies and
liquids, |taking into account the afluences“under which the machine is intgnded to
operate|(see 11.3).

Those Hoxes sh@l unused knockouts nor any other openings and|shall be
so consfructed as to_exclude ials sugh as dust, flyings, oil, and coolant.

13.5.9

Motor ¢
devices

enclose only connections to the motor and motor-fnounted
es, temperature sensors, plugging switches, tachometer gengrators).

14 El¢ctri ors>and associated equipment

14.1 Generatrequirements

Electric motors should conform to the relevant parts of IEC 60034 series.

The protection requirements for motors and associated equipment are given in 7.2 for
overcurrent protection, in 7.3 for overload protection, and in 7.6 for overspeed protection.
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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

It is recommended that motor enclosures be chosen from those included in IEC 60034-5.

The degree of protection shall be at least IP23 (see IEC 60529) for all motors. More stringent
requirements can be needed depending on the application and the physical environment
(see 4.4). Motors incorporated as an integral part of the machine shall be so mounted that they

are adequately protected from mechanical damage.

14.3 Motor dimensions

As far [as is practicable, the dimensions of motors shall confo
IEC 60072 series.

14.4 otor mounting and compartments

ivery in the

Each mptor and its associated couplings, belts, pul all be so mounted that
they a adequately protected and are easily €SS :Ilenance,
adjustment and alignment, lubrication, and rep N gement
shall bg such that all motor hold-down “mean Neap noyved and all terminal bdxes are
accessible.

remains

Motors ghall be so mounted that propeér cooling is &
within tHe limits of the insulation class (see %04—

Where practicable, mo

should be)Clean and dry, and when required, |shall be

ventilated directly to the exte ine—The vents shall be such that ingress ¢f swarf,

dust, or|water sp@is )

There shall be no o
does nd
motor

requirer

compartment not meeting the motor
ound the conduit or pipe shall be sealed.

14.5

otor compartment and any other compartment that
requirements. Where a conduit or pipe is run|into the
compartment

The che siics of\motors and associated equipment shall be selected in accordaphce with

the anticipated se
points trllat shall be considered include:

icé and physical environmental conditions (see 4.4). In this respgect, the

— 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;
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— influence of the harmonic spectrum of the voltage and/or current feeding the motor

(particularly when it is supplied from a static convertor) on the temperature rise;

— 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 special considerations

stipulated by the supply authority;
— variation of counter-torque load with time and speed;
— influence of loads with large inertia;
— influence of constant torque or constant power operation;
— possible need of inductive reactors between motor and converter.

14.6 F])rotectlve devices for mechanical brakes

Operation of the overload and overcurrent protective devices for m ctuators

shall inifiate the simultaneous de-energization (release) of the assocj tors.

NOTE Apsociated machine actuators are those associated with the same rums and

long-travgl drives.

15 Accgessories and lighting

15.1 ccessories

Where [the machine or its associate ) , hat are

intended to be used for accessory equi ample/ hand-held power togls, test

equipment), the following apply:

— the le, they
shoyld be cIearIy marke

— the ¢ontinuity of the protecti Jeeircui the socket-outlet shall be ensured except
whefe protection is|provjded

— all tnearthe L to/ the socket-outlet shall be protected |against
overcurrent a i against overload in accordance with 7.2 and 7.3 separately
from the protecti¢ ircui

— whe : socket-outlet is not disconnected by the supply discopnecting
devi 1 i 1e section of the machine, the requirements of 5.3.5 apply.

NOTE 1

NOTE 2 ircui ets can be provided with residual current protective devices (RCDs).

15.2 Lpcal lighting of the machine and equipment

15.2.1 “General

Connections to the protective bonding circuit shall be in accordance with 8.2.2.

The ON/OFF switch shall not be incorporated in the lampholder or in the flexible connecting

cords.

Stroboscopic effects from lights shall be avoided by the selection of appropriate luminaires.

Where fixed lighting is provided in an enclosure, electromagnetic compatibility should be taken

into account using the principles outlined in 4.4.2.
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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.

Lighting 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;

— a dedicated isolating transformer connected to the line side of the supply disconnecting
device. That source shall be permitted for maintenance lighting circuits in control
enclosures only. Overcurrent protection shall be provided in the secondary circuit (see also

5.3.1 and 13.1.3);
— a machine circuit with dedicated overcurrent protection;

— an ipolating transformer connected to the line side of the sug
provided with a dedicated primary disconnecting mean
overcurrent protection, and mounted within the control enclosu
discpnnecting device (see also 13.1.3);

— an gxternally supplied lighting circuit (for example
power rating is not more than 3 kW.

Exception: where fixed lighting is o
provisiops of this Subclause do not app

15.2.3 | Protection

Local lighting circuits shallbe prote

15.2.4 | Fittings

Adjustable Iighti'

— in ag C standard;

—  conSs
uninge

Reflectd supported by a bracket and not by the lampholder.

device,
condary
the supply

shall be
eir total

bns, the

ating material protecting the lamp cap so as to |prevent

Exception{where fixed lighting is out of reach of operators during normal operatlion, the

provisions-of this—Subctausedo ot appty:

16 Marking, warning signs and reference designations

16.1 General

Warning signs, nameplates, markings, and identification plates shall be of sufficient durability

to withstand the physical environment involved.
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16.2 Warning signs
16.2.1 Electric shock hazard

Enclosures that do not otherwise clearly show that they contain electrical equipment that can
give rise to a risk of electric shock shall be marked with the graphical symbol IEC 60417-5036
(DB:2002-10).

The warlning sign shall be plainly visible on the enclosure door or cover.

The walning sign may be omitted (see also 6.2.2 b)) for:

— an ehclosure equipped with a supply disconnecting device;
— an operator-machine interface or control station;

— a single device with its own enclosure (for example

16.2.2 | Hot surfaces hazard

zardous
17-5041

Where the risk assessment shows t
surface| temperatures of the electrica
(DB:20(Q2-10) shall be used.

NOTE F
16.3 F

shall be

d 3 ne item.
Such markingssmay be as agreed between the user and the supplier of the equipment (see
Annex B). Preference’should be given to the use of standard symbols given in IEG 60417-
DB:2002.and 1SO 7000.

Control |¢
clearly

16.4 Marking of equipment

Equipment (for example controlgear assemblies) shall be legibly and durably marked in a way
that is plainly visible after the equipment is installed. A nameplate giving the following
information shall be attached to the enclosure adjacent to each incoming supply:

— name or trade mark of supplier;

— certification mark, when required;

— serial number, where applicable;

— rated voltage, number of phases and frequency (if a.c.), and full-load current for each
supply;
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— short-circuit rating of the equipment;
— main document number (see IEC 62023).

The full-load current shown on the nameplate shall be not less than the running currents for all
motors and other equipment that can be in operation at the same time under normal conditions.

Where only a single motor controller is used, that information may instead be provided on the

machine nameplate where it is plainly visible.

16.5 Reference designations

All enclosures, assemblies, control devices, and components shall be plainly identified
same rgference designation as shown in the technical documentation.

17 Tec¢hnical documentation

171 eneral

with the

lectrical

rawings,

diagramls, charts, tables, instructions. The information i » ge (see

also Arnex B). The information provided ma
equipment. For very simple equipme

docume q
enables

ay be contained
e electrical equipm

NOTE 1
document

NOTE 2

e ma

17.2
The infg d ' ical equipment shall include:

a) An
b)

4) overview (block) diagram(s) where appropriate;

5) circuit diagram(s);

6) information (as applicable) on:
e programming, as necessary for use of the equipment;
» sequence of operation(s);
« frequency of inspection;

» frequency and method of functional testing;

lectrical
in one
ent and

ith ite of ‘electrical equipment can form paft of the
C e
language(s) is covered by legal requirements

and the

e guidance on the adjustment, maintenance, and repair, particularly of the protective

devices and circuits;
« recommended spare parts list; and

» list of tools supplied.
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7) a description (including interconnection diagrams) of the safeguards, interlocking
functions, and interlocking of guards against hazards, particularly for machines

operating in a co-ordinated manner;

8) a description of the safeguarding and of the means provided where it is nece
suspend the safeguarding (for example for setting or maintenance), (see 9.2.4);

ssary to

9) instructions on the procedures for securing the machine for safe maintenance; (see

also 17.8);
10) information on handling, transportation and storage;

11) information regarding load currents, peak starting currents and permitted voltage drops,

as applicable;

whether any particular training is required and specification of
brotective equipment.

necessary

17.3 Requirements applicable to all documentation
Unless ptherwise agreed between manufacturer and user:

— the documentation shall be in accordance with rel
- refe
— instr
— part
NOTE Se

method$:

12) Information on the residual risks due to the protection measures adopted, indiiation of

ersonal

pllowing

- whe i is wSmall number of documents (for example Ig¢ss than

5) e
othe

— for gi

docu ing or document list; or

- alld 3 see IEC 62023) of the document structure shall b
with ~ d\titles, in a parts list belonging to the same level.

17.4 |

The installatiensdocuments shall give all information necessary for the preliminary
setting Up the) machine (including commissioning). In complex cases, it may be nece

rs of all

(see IEC 62023), all documents shall be lisfed with

e listed,

work of
Ssary to

refer to thelassembly drawings for details.

The recommended position, type, and cross-sectional areas of the supply cables to be i
on site shall be clearly indicated.

nstalled

The data necessary for choosing the type, characteristics, rated currents, and setting of the
overcurrent protective device(s) for the supply conductors to the electrical equipment of the

machine shall be stated (see 7.2.2).

Where necessary, the size, purpose, and location of any ducts in the foundation that a
provided by the user shall be detailed (see Annex B).

re to be
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The size, type, and purpose of ducts, cable trays, or cable supports between the machine and
the associated equipment that are to be provided by the user shall be detailed (see Annex B).

Where necessary, the diagram shall indicate where space is required for the removal or
servicing of the electrical equipment.

NOTE 1 Examples of installation diagrams can be found in IEC 61082-4.

In addition, where it is appropriate, an interconnection diagram or table shall be provided. That
diagram or table shall give full information about all external connections. Where the electrical
equipment is intended to be operated from more than one source of electrical supply, the
interconnection diagram or table shall indicate the modifications or interconnections required
for the yse-ef-each-supphy

NOTE 2 |Examples of interconnection diagrams/tables can be found in IEC 61082-3.

17.5 ({verview diagrams and function diagrams

Where it is necessary to facilitate the understanding of the p nc'les ofop verview
diagram shall be provided. An overview diagram sym lectrical

equipment together with its functional interrelationship Il of the
interconnections.

NOTE 1

Function diagrams may be provided as eitf o, the overview diagram

A circui
maching
IEC 606
docume|
through

s) shall show the electrical circuitg on the

Any graphical symbol not shown in
and described on the diagrams or supporting
of components and devices shall be cgnsistent

Where

showing the terminals for interface connections $hall be
be used in conjunction with the circuit diagram(s) for

provided.

simplifigatjon: lagra odld contain a reference to the detailed circuit diagram|of each
unit shown

Switch gymbo be shown on the electromechanical diagrams with all supplies turned off
(for example_electricity, air, water, lubricant) and with the machine and its electrical equipment
ready fgr-ainormal start.

Conductors shall be identified in accordance with 13.2.

Circuits shall be shown in such a way as to facilitate the understanding of their function as well
as maintenance and fault location. Characteristics relating to the function of the control devices
and components which are not evident from their symbolic representation shall be included on
the diagrams adjacent to the symbol or referenced to a footnote.
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17.7 Operating manual

The technical documentation shall contain an operating manual detailing proper procedures for
set-up and use of the electrical equipment. Particular attention should be given to the safety
measures provided.

Where the operation of the equipment can be programmed, detailed information on methods of
programming, equipment required, program verification, and additional safety procedures
(where required) shall be provided.

17.8 Maintenance manual

The technical documentation shall contain a maintenance manual detailing proper procedures
for adjlistment, servicing and preventive inspection, and repair. ons on
maintenfance/service intervals and records should be part of that manual. hods for
the verification of proper operation are provided (for example softwa i ns), the

use of those methods shall be detailed.

17.9 Plarts list
The parts list, where provided, shall comprise, as/a mini sary for
orderind spare or replacement parts (for example re, test

equipment, technical documentation) required intenance
including those that are recommended t6\be car nt.

18 Verification

18.1 (eneral

This paift of IEC 60204 nes.
The ex{ent of articular
maching ns shall
always i

a) verif

b) in c cli jainst indirect contact by automatic disconnection, condifions for

prote

e) prote¢ction“against residual voltage (see 18.5);

f) functional tests (See 18.6).
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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.

The tests shall be carried out by measuring equipment in accordance with relevant IEC
standards. For tests in accordance with 18.2 and 18.3, measuring equipment in accordance

with the

IEC 61557 series is applicable.

The results of the verification shall be documented.

18.2 Verification of conditions for protection by automatic disconnection of supply

18.2.1

The con

For TN
conditio

For TT and IT systems, see IEC 60364-6-61.

18.2.2

Test 1V
protecti

Test 1

The res
3) and 1
current
supply §
voltage
can pro
range 4
protecti

NOTE 1

resistancg

Test 2
protect

General

ditions for automatic disconnection of supply (see 6.3.3) sha

systems, those test methods are described in 18.2.
ns of supply are specified in 18.2.3.

Test methods in TN-systems

erifies the continuity of the pro st 2 verifies the condi
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The connections of the power supply and of the incoming external 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 6.3.3
and Annex A shall be verified by both:

1) verification of the fault loop impedance by:

— calculation, or

— measurement in accordance with A.4, and
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2) confirmation that the setting and characteristics of the associated overcurrent
protectivedevice are in accordance with the requirements of Annex A.

NOTE 2 A fault loop impedance measurement can be carried out for circuits where the conditions of protection by
automatic disconnection requires a current I, up to about 1 kA (/, is the current causing the automatic operation of
the disconnecting device within the time specified in Annex A).

18.2.3 Application of the test methods for TN-systems

Test 1 of 18.2.2 shall be carried out on each protective bonding circuit of a machine.

When Test 2 of 18.2.2 is carried out by measurement, it shall always be preceded by Test 1.

NOTE A] discontinuity of the protective bonding circuit can cause a hazardous situatiogh for the testel or other
persons, pr damage to the electrical equipment during the loop impedance test.

The tes{s that are necessary for machines of different status are sp [able 10

can be yised to enable determination of the machine status.

&
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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 and test 2 (see 18.2.2)
connected on site, where the continuity of the i . .
protective bonding circuits has not been Exceptloq: If previous calcglatlons of the
confirmed following erection and connection on fault loop impedance or resistance by the
site. manufacturer are available and where:

. the arrangement of the installations
permits the verification of the length
and cross-sectional area of the
conductors used for the calculation,
and

. it can be cgnfirmedithat¢th¢ supply

ite’ls less
supply
i for the
rer.
bonding
ication by

i connegtions of the|power

tncoming external|protective

c u inal of the machine

: C

B Machine supplied with confirmation of the
verification (see 18.1) of conti
protective bonding circuits bytest\1 ortest2
measurement, having protective bondi here it/can be confirmed that the $upply
exceeding the cable length for so impedance on site is less thgn or
are given in Table 10. equal to that used for the calculatiof, or that
>r the test supply during a test 2 by

Mmeasurement, no test is required or] site

apart from verification of the connedtions:

. in case B1) of the power supply and of
the incoming external protective
conductor to the PE-terminal of the
machine;

* in case B2) of the power supply and of

5 : the incoming external protective
ive; ig:qumustnotrs is conductor to the PE-terminal of the
4nsportation and machln.e and of all connectigns of the
protective  conductor(s) that were
disconnected for shipment.
C Wprotective bonding circuits not No test required on site. For a maclHine not

ceeding the cable length for which examples

i n Table 10, supplied with confirmation
of the vérification (see 18.1) of continuity of the
protective bonding circuits by test 1 or test 2 (see

connected to the power supply by a
plug/socket combination, the correc
connection of the incoming external|p
conductor to the PE-terminal of the m

18.2.2) by measurement.

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)).

shall be verified by visual inspection.

protective conductor(s) that were

example by visual inspection.

rotective
achine

In case C2), the installation documents (see
17.4) shall require that all connections of the

disconnected for shipment are verified, for
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Table 10 — Examples of maximum cable length from each protective device to its load

1 2 3 4 5 6 7 8
Supply source | Cross-sectional | Nominal Fuse Fuse Miniature Miniature Adjustable
impedance to area rating or |disconnect| disconnect circuit- circuit- circuit-breaker

each setting of | time 5s time 0,4 s breaker breaker I,=8x1Iy
protective the char.B 4 char.Cc 5 disconnect time
device protective IL,=5x1Iy I,=10x Iy 0,1s
device disconnect disconnect
Iy time 0,1 s time 0,1 s
mQ mm?2 A Maximum cable length in m from each protective device to its load
500 1,5 16 97 53 76 30 28
500 2,5 20 115 57 94 ( 34 36
500 4,0 25 135 66 114 N 38
400 6.0 32 145 59 133 49, 42
300 10 50 125 41 1}2\ \"{3 N 37
200 16 63 175 73 179 NN 61
200 25 (line)/16 (PE) 80 133 < \ ¥ \ 38
100 35 (line)/16 (PE) 100 136 AN 73
100 50 (line)/25 (PE) | 125 141 ( N ) 66
100 70 (line)/35 (PE) | 160 138 (\\VJYN N\ 46

50 95 (line)/50 (PE) | 200 N 98

50 120 (line)/70 (PE)| 250 N 79
The values of

0o PVC able D.5);

O cable h to that of the
line cpnductors;

O cable$ above 16 mm?2 p

0 3-phape systemn

O  maxin i

0 colum

A deviation frg
information is

dance. Further

18.3 ITsuIation resistance tests

When insulation resistance tests are performed, the insulation resistance measured at 500 V
d.c. 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.

4 |n accordance with the IEC 60898 series.
5 In 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 be

used.

The tes{ voltage shall be at a nominal frequency of 50 Hz or 60 Hz.

The mgximum test voltage shall have a value of twice the
equipment or 1 000 V, whichever is the greater. The maximuh
between the power circuit conductors and the protective

Compor
during testing.

Compor
standar

18.5 P

18.6 Function@
The fungtions of elet
The fung

Where
portion $

Particul
the equi

of the
applied
briod of

nnected

product
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Annex A
(normative)

Protection against indirect contact in TN-systems

(Derived from IEC 60364-4-41:2001, and IEC 60364-6-61:2001)

A.1 General

Protectlon agalnst |nd|rect contact shall be prowded by an overcurrent protectlve device that

a live pd
within g sufficiently short disconnecting time. A disconnecting tim
considefed sufficiently short for machines.

Exception: Where this disconnecting time cannot be assured, allNbe impl¢mented

(for example supplementary protective bonding) to preven
exceedipng 50 V a.c. or 120 V ripple-free d.c. between sim
parts. See A.3.

For cirquits which supply, through socket outl
hand-hgld equipment or portable eq
accessdry equipment, see 15.1) Tabl
considefed sufficiently short.

Table A.1 — Maximu

\\\(U\olz\ ijwéconne:ting time
R N —
T

0,4

“a00/ 0,2
\ >>400 0,1

ha) is the nominal a.c. r.m.s. voltage to earth.
x OTE 1 For voltages which are within the tolerance band
stated in IEC 60038, the disconnecting time appropriate to

the nominal voltage applies.

NOTE 2 For intermediate values of voltage, the next

highnr value-inthe above table is to be used-

ge from
hductive

,| Class |

hine for
that are



https://iecnorm.com/api/?name=271023b8335d2780b6ddfe45b2585423

60204-1 © IEC:2005 - 193 -

A.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
phase 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 condition fulfils this requirement:

Z,xI, U,
where
Zg is the impedance of the fault loop comprising the source, the live co to tLe point
of thie fault and the protective conductor between the point of the fadlt an €;

I, is the current causing the automatic operation of the disconnecting ige within
the gpecified time;

U, is the nominal a.c. voltage to earth.

The incfrease of the resistance of the conductors with i c ature due to the
fault curent shall be taken into account (see A.4.3).

NOTE Infprmation for calculating short circuit currents can b igs or from

suppliers jof short-circuit protective devices.

A3 C
Where nding is
selected ondition

for this dchieved

when thp

nywhere
between

5

D .

where 7
in the i
simultar

Confirmfti ' ition can be achieved by using the method of Test 1 of 18.2.2 to
measurg S eRpg. The condition for protection is achieved when the measurgd value
of RPE g
Rpg < 50
Ta(5s)

where

Ia5) 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 2) 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 protection against indirect contact.

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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A.4 Verification of conditions for protection by automatic disconnection of the
supply

A.4.1 General

The effectiveness of the measures for protection against indirect contact by automatic
disconnection of supply in accordance with Clause A.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 (Z;).

b of the
Mmits the

Exceptilon: Where the calculations of the fault loop impedance or o
protectiye conductors are available and when the arrangement of the\i

verificatjon of the length and cross-sectional area of the conds of the
continuify of the protective conductors may replace the measurem

A.4.2 Measurement of the fault loop impedance

Measur¢ment of the fault loop impedance shall be performe ng equipmnent that
compliep with IEC 61557-3. The information about the a easuring resuits, and

the progedures to be followed given in the docu
considefed.

ing equipment|shall be

Measur¢ment shall be performed when t 8 ed to a supply having the same
frequengy as the nominal frequency of the supply a intended installation.

NOTE F|gure A.1 illustrates a typical arrangement for measuring the/fault loop impedance on a machine.|If it is not
practicabl e ing\ the te the two phase conductors not used in the tgst can be

opened, fi

The me f f i ance shall comply with A.2.
A.4.3 2 e between the measured value of resistande of

NOTE Ap aAmbient temperature, with low currents, it is necessary to|take into
account the increase of resistagce of the conductors with the increase of temperature under fault conglitions, to
verify the s u alue of the fault loop impedance with the requirements of Clause A.2.

of the conductors with the increase of temperature due to fhe fault
nt in the following equation:

Zs(m)ngﬂ
3 I

The inc
current

where Z (m) is the measured value of Z.

Where the measured value of the fault loop impedance exceeds 2U,/3I, a more precise
assessment can be made in accordance with the procedure described in E.612.6.3 of
IEC 60364-6-61.
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