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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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3, Machine characteristics, electrical and electronic systems, operation and maintenance.
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Introduction

This document is a type-C standard as defined in ISO 12100.

The machinery concerned and the extent to which hazards, hazardous situations, or hazardous events
are covered are indicated in Annex A of this document.

When requirements of this type-C standard are different from those stated in type-A or type-B
standards, the requirements of this type-C standard take precedence over the requirements of the
other standards for machines that have been designed and built according to the requirements of this
type-C stafdard:

Electrification is an enabling technology providing increased flexibility in machine form packaging.
Because in|the past earth-moving machinery (EMM) electrical systems have predominately-been in|the
12-24 V D( range, two safety aspects require particular attention:

— signififantly higher voltages, such as are utilized in industrial or structural applications anl in
other fransportation sectors;

— greatef available electrical energy.

Portions of|this document appear to govern electrical design practices (e.g. Clauses 9,11, 12, and 17). Their
requirements are necessary because certain aspects of design cannot be Separated from electrical saffety.

Some of th¢ content of this document is based on IEC 60204-1 andIE€ 60204-11, adapted to the needs of
earth-mov|ng machinery. Non-electrical hazards are addressed:inthe [SO 20474 series.

viii © ISO 2016 - All rights reserved
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Earth-moving machinery — Electrical safety of machines
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Scope

5 document specifies general safety requirements for the electrical equipment and its ¢
rporated into earth-moving machines (EMMs) as defined in ISO 6165,ard addresses t}
rators, technicians, service/maintenance personnel and bystanders.

applicable to those machines using on-board voltages in the rangés of 50 V-36 kV AC r
It is applicable to both low and high voltages, except where.its applicability to high- or ]

ages and are thus not within its scope.

E1 Special considerations typically apply at frequernicies greater than 30 kHz. Where referend
imited to frequencies below those used on the EMMjxit is the responsibility of the user to assess t|
ess them appropriately.

5 document covers all significant hazards;*hazardous situations, and hazardous events
voltage range for earth-moving machinery within its scope when the machinery is used :

nical measures for eliminating or reducing risks arising from significant hazards,
ations, or hazardous events duriiig commissioning, operation, and maintenance. It is nof
hachines manufactured befere the date of its publication.

intended to be used inJconjunction with ISO 14990-2 and ISO 14990-3, which give
Cific to the machine’s(power source that take precedence over the requirements of this do
machines covered. Eor multipurpose machinery, all those parts of ISO 14990 are applic
1lirements cover the functions and applications of the machine.

n though this document addresses most hazards associated with the use of low- or h

hrds,.conformance with it cannot be taken as an absolute guarantee of electrical safef]
cerfiare included in the list of significant hazards found in Annex A.

bmponents
e safety of

m.s. at any

uency and 75 V-36 kV DC — including any repetition rate of pulsating DC — intended for outdoor

pw-voltage
b on-board

e standards
he risks and

relevant to
1s intended

nder conditions of misuse reasonably foreseeable by the manufacturer. It specifies gppropriate

hazardous
applicable

provisions
cument for
hble whose

gh-voltage

trical systems in earth-moving machines, owing to the possible presence of additiond|l electrical

y. Areas of

This"document specifies requirements for on-board generators, electrically 1solated from other low-
voltage systems and provided as power sources for general-purpose socket outlets installed on EMMs,
and transformer or inverter power sources for general-purpose socket outlets.

NOTE 2

Local or regional requirements may also apply to general-purpose socket outlet arrangements.

Although nominal 12 V and 24 V (alternator/battery) systems are not addressed, the meeting of some
of the requirements, including those of PELV, will ensure that the low-voltage system is sufficiently
isolated from 12 V and 24 V systems.

This document does not address risks associated with explosive atmospheres, which are sometimes
found in mining and other EMM applications.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 2860, Earth-moving machinery — Minimum access dimensions

[SO 2867:2011, Earth-moving machinery — Access systems

ISO 3457:2003, Earth-moving machinery — Guards — Definitions and requirements

[SO 9244:2
ISO 92442

ISO 14990
related conj

ISO 14990
component

[SO 15817,

[EC 60071
IEC 600711

[IEC 600711

[EC60204-
Amended K

IEC 60364
of general (

IEC 60364
against ele

IEC 60364
equipment

IEC 60417-
IEC 60529,
IEC 60617-

[EC 60664
requiremer

008, Earth-moving machinery — Machine safety labels — General principles. Amended by
008/Amd. 1:2016

2:2016, Earth-moving machinery — Electrical safety of machines utilising electric drives
pponents and systems — Part 2: Particular requirements for externally-powered:machines

3, Earth-moving machinery — Electrical safety of machines utilising electric drives and relq
5 and systems — Part 3: Particular requirements for self-powered machines

Earth-moving machinery — Safety requirements for remote operator control systems

£1:2006, Insulation Coordination — Part 1: Definitions, priuciples and rules. Amended
1:2006/Amd. 1:2010

2:1996, Insulation co-ordination — Part 2: Application.guide

1:2005, Safety of machinery — Electrical equipmentdf machines — Part 1: General requireme
y IEC 60204-1:2005/Amd. 1:2008
k-1, Low-voltage electrical installations -5~ Part 1: Fundamental principles, assessn

haracteristics, definitions

-4-41:2005, Electrical installations of buildings Part 4-41: Protection for safety Protec
rtric shock

5-54:2011, Low-voltage eleétrical installations — Part 5-54: Selection and erection of electr
— Earthing arrangements,-protective conductors and protective bonding conductors

DB, Graphical symbpls_for use on equipment®)
Degrees of protection provided by enclosures (IP Code)
DB, Graphicglsymbols for diagrams?)

-1, Insulation coordination for equipment within low-voltage systems Part 1: Princij
ts and tests

IEC 60871

ISO

and

ited

by

nts.

hent

fion

ical

les,

L

1: General
IEC 60947-
IEC 61230,

1 2044 _ClL £ R £, AL £ L H ol Le L 1 00 1
L. AU LT, JInurit TUpuUtiItors Jur AW pUWET S YySLiCITIS TIuviIry u rutcd vurtuytc uvovve 1 UvUvU vV

1, Low-voltage switchgear and controlgear — Part 1: General rules

Live working — Portable equipment for earthing or earthing and short-circuiting

IEC 61439-1, Low-voltage switchgear and controlgear assemblies — Part 1: General rules

Part

IEC 61557 (all parts), Electrical safety in low voltage distribution systems up to 1 000 V a.c. and 1 500 V d.c.
— Equipment for testing, measuring or monitoring of protective measures

1) Online database: available at http://www.graphical-symbols.info/

2) Online database: available at http://std.jec.ch/iec60617

2
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IEC 61558-1, Safety of power transformers, power supply units and similar — Part 1: General requirements

and

tests

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

[EC

61984, Connectors — Safety requirements and tests

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

and

earthing switches

3

For
the

ISO

3.1

3.1
eleg

barrier

par
[SO
3.1
dir
eled

[SO

3.1
eleq
roo
inst
ort

[SO

3.1
ele

Terms, definitions and abbreviated terms

the purposes of this document, the terms, definitions and abbreviated terms given in ISO
following apply.

and IEC maintain terminological databases for use in standardization at the following ad

[EC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

Electric shock protection-related terms and definitions

1
‘trically protective barrier

E providing protection against direct contact from any usual direction of access
[URCE: IEV 826-12-23]

2
pct contact
tric contact of persons with live(parts

URCE: IEV 826-12-03, modified]

3
‘trical operating area
m or location forselectrical equipment to which access is intended to be restricted tq
ructed persons,.by the opening of a door or the removal of a barrier (3.1.1) without the y
bol, and whigh s clearly marked by appropriate warning signs

URCE: IEC 60204-1: 2005, 3.15]

4
rtrically protective enclosure

12100 and

dresses:

skilled or
|se of a key

pro
enc

tective enclosure
losure

electrical enclosure (3.1.5) surrounding internal parts of equipment to prevent access to hazardous-

live

-parts from any direction

[SOURCE: IEV 826-12-22]
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3.1.5

electrical enclosure
enclosure (3.1.4) providing protection against the foreseen dangers created by electricity

[SOURCE: I

EV 826-12-21, modified]

Note 1 to entry: Some electrical enclosures also provide protection for equipment. It can be either of discrete
construction or an enclosed space within the machine (3.5.2).

3.1.6

equipotential bonding

provision ¢

[SOURCE: [EV 195-1-10]

3.1.7
protective
equipotent

[SOURCE: I[EV 195-01-15]

3.1.8

exposed c
conductive
become liv

[SOURCE: IEV 826-12-10]

3.19
extra-low
ELV
voltage suj
between c
supplied at

[SOURCE: [EC 60335-1, 3.4.1, modified]

3.1.10
extraneoy
conductive
generally t

[SOURCE: I[EV 826-12-11,'modified]

fetectrictonmections between comductive parts; internded toachieve equipotemntiatity

equipotential bonding
al bonding (3.1.6) for the purposes of safety

bnductive part
part of equipment which can be touched and which is_notf normally live, but which
e when basic insulation fails

voltage

pplied from a source within the device that does not exceed 50 V between conductors
bnductors and earth (or chassis in thé.case of self-powered machines) when the devid
rated voltage

s conductive part
part not forming part of the electrical equipment and liable to introduce a poten
he ground (or chassis in the case of self-powered machines) potential

3.1.11
indirect c

contact of persons with exposed conductive parts (3.1.8) which have become live due to fault conditi

[SOURCE:

3.1.12
live part

ntact

can

and
e is

kial,

pns

Q26 12 .04 mnrliFinA]
VOO~ o e aea

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

Note 1 to entry: This term does not necessarily imply a risk of electric shock.

[SOURCE: I

EC 60204-1: 2005, 3.33]
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13

obstacle
part preventing unintentional direct contact, but not preventing direct contact by deliberate action

[SOURCE: IEC 60204-1: 2005, 3.38]

3.1.

14

protective conductor
conductor provided for purposes of safety, e.g. protection against electric shock

[SOURCE: IEV 826-13-22, modified]

Not

3.1

e 1 to entry: A protective conductor is typically used to connect any of the following:
exposed conductive parts;
extraneous conductive parts;
PE (or chassis ground in the case of self-powered machines) terminal.

15

protective extra-low voltage

PEI
ear
volf

\%
thed (or chassis-bonded in the case of self-powered machinés) circuit operating at safety
age which is separated from other circuits by basic inspldation and protective screen

insylation or reinforced insulation

[SO

Not
cha

3.1
safé

URCE: IEC 60335-1, 3.4.4, modified]

e 1 to entry: Protective screening is the separatign of circuits from live parts by means of an
sis-bonded in the case of self-powered machines),screen.

16
ety extra-low voltage

SELlV

volf
cas

[SO

Not
tran

age not exceeding 42 V between_¢onductors and between conductors and earth (or ch:
 of self-powered machines), the'no-load voltage not exceeding 50 V

URCE: IEC 60335-1, 3.4.2; modified]

e 1 to entry: When safety extra-low voltage is obtained from the source mains, it is through a saf
sformer or a convertor with separate windings, the insulation of which complies with double i

reinfforced insulatiomrequirements.

3.1

17

tou

h voltage

voltfage between conductive parts when touched simultaneously by a person or animal

r extra-low
ng, double

earthed (or

issis in the

bty isolating
hsulation or

[SOPRGE: IEV 195-05-11]

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

3.2

Control-related terms and definitions

3.21
actuator
part of the actuating system to which an external actuating force is applied

Note 1 to entry: An actuator typically takes the form of a handle, knob, push-button, roller, plunger, etc.

Note 2 to entry: Cf. 3.2.5.
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[SOURCE: IEC 60204-1: 2005, 3.1, modified]

3.2.2

controlgear

switching devices and their combination with associated control, measuring, protective and regulating
equipment, also assemblies of such devices and equipment with associated interconnections,
accessories, enclosures (3.1.4) and supporting structures, intended in principle for the control of electric

energy consuming equipment

[SOURCE: 1

EV 441-11-03]

3.2.3

emergenc
manually 3
the electri
origin is in

y switching-off device

ctuated control device used to switch off the source of electrical energy to all ox\@par
al equipment of a machine (3.5.2) where a risk of electric shock or another risk.of'electr
volved

[SOURCE: IEC 60204-1: 2005, 3.18, modified]

3.2.4
emergenc
manually a

[SOURCE: I
3.2.5

y stop device
ctuated control device used to initiate an emergency stop function

SO 13850, 3.2]

machine actuator

electromeq

hanical or electronic power mechanism used to.effect a function of the machine (3.5.2)

[SOURCE: IEC 60204-1: 2005, 3.34, modified]

3.3 Elec

3.31

ampacity
maximum
without ex

3.3.2

cable trun
system of ¢
insulated @

trical infrastructure-related terms.and definitions

current, in amperes, that a gonductor can carry continuously under the conditions of
reeding its temperature rating

king system
nclosures, each€ensisting of a base with a removable cover, intended to completely enc
onductors, cables, cords and for the accommodation of other electrical devices

[SOURCE: [EV 442-02-34, modified]

3.3.3
direct ope

ning action

<of a cont

ctdlamants achiavamant of cantact canaratinn ac thao divact racult of 4 cnacifiad mauan
e e e e e e e e O Ot e S e P e O e e e B et e St O p e e e oy et

t of
ical

use

ose

ent

A=

of the switch actuator (3.2.1) through non-resilient members (e.g. not dependent upon springs)

[SOURCE: I

3.3.4
duct

EC 60947-5-1: 2009, K.2.2]

enclosed channel designed specifically to hold and protect electrical conductors, cables, and busbars

Note 1 to entry: Conduits and cable trunking systems are types of duct.

[SOURCE: 1

EC 60204-1: 2005, 3.14, modified]
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3.3.5
functional equipotential bonding
equipotential bonding for operational reasons other than safety

[SOURCE: IEV 195-01-16]

3.3.6

high voltage

HV

voltage greater than 1 000 V AC and not exceeding 36 kV AC r.m.s or greater than 1500 V DC and not
exceeding 36 kV DC

3.3{7
low voltage
voltfage greater than 50 V AC and not greater than 1000 V AC r.m.s or greater than.75 V DC and not
greater than 1500 V DC

3.4 Risk-related terms and definitions

3.411

'?elll‘lxtir:ation of the ability of a device to perform a required function

Not¢ 1 to entry: After failure, the item has a fault (3.4.2).

Note 2 to entry: “Failure” is an event, as distinguished from “fault”, which is a state.

Note 3 to entry: This concept as defined does not apply to(itéms consisting of software only.
[SOPRCE: IEV 191-04-01, modified]

3.4{2
fault
stafle of a device characterized by its inability to perform a required function

Note¢ 1 to entry: A fault is often the result of a failure (3.4.1) of the item itself, but in some instances exjists without
prigr failure.

[SOPRCE: IEC 60204-1: 2005,/3.26, modified]

3.4]3
hazard
potential source’ofphysical injury or damage to health

Notg 1 to entty) The term hazard can be qualified in order to define its origin (e.g. mechanical hazaid, electrical
hazgrd) or‘the nature of the potential harm (e.g. electric shock hazard, cutting hazard, toxic hazqrd, and fire
hazard)

N 2% b 1 1 1 . Ik T IR D Iy W . adel
Otw o LU Clltly. I'1IT 11daZdl U TIIV 1Da5cu IIT LIS UCTTIITILIUIT IS TIUIITT

— permanently present during the intended use of the machine (3.5.2) (e.g. motion of hazardous moving
elements, electric arc during a welding phase, unhealthy posture, noise emission, high temperature), or

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

[SOURCE: ISO 12100:2010, 3.6, modified]
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3.4.4

risk

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

[SOURCE: ISO 12100:2010, 3.12, modified]

3.4.5

safeguard

guard or protective device or protective function provided as a means to protect persons from a
hazard (3.4.3)

[SOURCE: ]IEC 60204-1:2005, 3.49, modified]

3.4.6
safeguardiing
protective| measure using safeguards to protect persons from the hazards (3.4.3)ywhich cannot
reasonably| be eliminated or from the risks (3.4.4) which cannot be sufficiently reduced by inhereptly
safe desigr] measures

[SOURCE: ISO 12100:2010, 3.21]

3.5 Mis¢ellaneous terms and definitions

3.5.1

electrically instructed person
instructed person

person ade¢quately advised or supervised by an electrically skilled person to enable him or hef to
perceive rikks (3.4.4) and to avoid hazards (3.4.3) which electricity can create

[SOURCE: I[EV 826-18-02, modified]

3.5.2
machinery
machine
assembly of linked parts or components, at least one of which moves, with the appropriate machine
actuators (B.2.5), control and powerf(circuits, joined together for a specific application

Note 1 to entry: The term machinéry-also covers an assembly of machines which, in order to achieve the shme
end, are arrpnged and controlled-sp that they function as an integral whole.

[SOURCE: ISO 12100:2016, 3.1, modified]

3.5.3

overload
<of a circujt> non=fault time-current event in a circuit, in which the electrical ratings of the circuit{are
exceeded

Note 1 to entry: Overload should not be used as a synonym for overcurrent.
[SOURCE: IEC 60204-1: 2005, 3.40, modified]

3.5.4

electrically skilled person

skilled person

person with relevant training, education, and experience to enable him or her to perceive risks and to
avoid hazards associated with electricity

[SOURCE: IEV 826-18-01, modified]
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3.6 Abbreviated terms

EMM earth-moving machinery
ELV extra-low voltage
PE protective earthing (or protective equipotential bonding to chassis in the case of self-pow-

ered machines)

PELV protective extra-low voltage

SELlV safety extra-low voltage

PPH personal protective equipment

TN terra neutral (IEC 60364-1-defined earthing system)

TT terra terra (IEC 60364-1-defined earthing system)

IT isolation terra (IEC 60364-1-defined earthing system)

OCH overcurrent protection (e.g. a fuse, a circuit breaker, or a-solid-state device including its

control system)
AC alternating current

DC direct current

4 |General requirements

4.1] General

Thd overall risk assessment for the machine shall include risks associated with electricfl hazards.
Appgropriate risk assessment methods are given in ISO 12100. Annex A provides a list of|[significant
hazprds and hazardous situations associated with the use (or misuse), maintenance, and servicing of
eledtrical equipment of earthtmoving machines.

Hazards and the risks anising from them shall be identified during the design and developmgnt process.
Hazards and risks shall be addressed in the following order of priority or hierarchy:

a) |design meastires shall provide inherent safety to eliminate hazards or sufficiently reduce risks; if
such measlires are not practicable;

b) |protéetive measures such as safeguarding shall provide further reduction of risk; if suclh measures
are not practicable, or if still further risk reduction is necessary;

c) additional measures, such as awareness means, shall be employed,;

d) working procedures that reduce risk during EMM operation and maintenance shall be implemented
in the operator’s and service manuals.

Safety measures may be incorporated at the design stage (preferred), or the user may be instructed to
implement some measures.

4.2 Provisions for handling

If the user or service personnel are instructed to, or are likely to need, to remove heavy or bulky
electrical equipment from the EMM for transport or service, provisions shall be made for handling,
such as lifting eyes, fork pockets or the like.
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4.3 Provisions for transportation and storage

The electrical equipment of the EMM shall be designed to withstand, or shall be protected from, the
effects of transportation and storage. Provision shall be made to protect against damage from humidity,
vibration, and shock, as well as temperatures more severe than those specified in 4.5.1.

4.4 Components and devices

The components of the electrical system shall be

— suitablefor their intended use, and

— appliedl within applicable ratings and in accordance with the supplier’s instructions.

NOTE 1  uitability for intended use includes conformity with relevant International Standards where
these exist.

It is recommended that when an IEC component standard does not exist, relevantrequirementf of
suitable Infernational Standards or of other comparable standards be applied (e.g: applicable parfs of
the IEC 60034 series of motor standards may be applied to switched reluctancé. motors.).

NOTE 2 KLV components derived from sources of voltages lower than low voltage and without the possihfility
of “bleed thfough” are outside the scope of this document.

High-voltdge equipment

If factory-huilt, type-tested HV switchgear is employed it shalkeomply with applicable standards [e.g.
IEC 622711, IEC 62271-200, and IEC 62271-201).

4.5 Intepded operating environment

4.5.1 Geperal

Electrical ¢quipment shall be suitable for/the environment and operating conditions of its intended
application]. The criteria for environmental'and operating conditions given in ISO 15998:2008, 4.6,(are
recommenfled. ISO 190143) may be used as an alternative to ISO 15998. An agreement between yiser
and suppliger, based upon the enquity)forms provided in ISO 14990-2 and ISO 14990-3, might als¢ be
necessary.

NOTE SO 15998:2008, 4.6y.covers the following:

— ambierjt air temperature/range;

—  humidity;

— degree|of pratection (IP Code) (see 4.5.4);

— electromagnetic compatibility (EMC);

vibration and shock.

An external charging system shall be verified as being compatible with the EMM by the manufacturer,
or as specified in ISO 14990-2:2016, 4.2.2.

4.5.2 Exposure

All EMM covered by this document shall be suitable for outdoor use. EMM may also be designed for use
indoors. The requirement for suitability for outdoor use includes suitability for outdoor storage during
periods of non-use.

3) Under preparation.

10
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The possibility of harmful internal condensation shall be addressed where necessary by measures such
as prevention of condensation or provision for drainage.

4.5.3 Altitude

The electrical equipment of the EMM shall operate properly at altitudes up to 1 000 m above mean
sea level. The operator’s manual shall instruct the operator as to whether the EMM can be operated at
altitudes greater than 1000 m, and if so it shall clearly identify and explain EMM limitations at altitudes
greater than 1000 m.

4.5 Ingress protection

The electrical equipment of the EMM shall be protected against or be tolerant of the inghess|of harmful
solids and liquids, including dust, acids, corrosive gases, and salts, that might be presentin th¢ operating
enviironment.

Forlair-cooled resistor grids, a special procedure might be necessary to dry theresistor grid when wet.

4.6 Electrical source
The electrical equipment shall operate correctly with variations ofthe source

— |as specified in ISO 14990-2, for externally-powered machines (e.g. one or more EMMs qupplied by
one or more dedicated external generator sets),

— |as specified in ISO 14990-3, for self-powered machines,

— |as otherwise specified by the user.

5 |Protection against electric shock hazards

5.1 General

The electrical equipment of thetEMM shall provide protection of persons against electric ghock. Such
profection shall consist of the measures given in 5.2 to 5.11, as appropriate. If an assembly|containing
live|parts is accessible by all persons, the provisions of 5.2 or 5.3, and, if applicable, 5.4, shall|be applied.

Exception: If these praetective measures are not practicable, other protective measurds given in
[EC|60364-4-41 or IE€'61140 may be used.

Each circuit or_part shall provide protection against indirect contact according to 5.8 or 5.9 ¢r both.

NOTE Classes of equipment and protective provisions are given in IEC 61140.

5.2| CProtection by enclosures

Live parts shall be contained within enclosures that comply with the relevant requirements of Clause 4,
Clause 12 and Clause 14, and which provide protection against direct contact of at least IP2X or [PXXB.

Exception 1: If the top surfaces of an enclosure are readily accessible, the minimum degree of protection
against direct contact provided by those surfaces shall be [P4X or [PXXD.

Exception 2: If an assembly containing live parts is accessible to all persons, the minimum degree of
protection against direct contact shall be IP4X or IPXXD.

Exception 3: Air-cooled resistor grids shall only be required to meet a minimum of IP2X or IPXXB,
provided they do not create hazardous conditions in the installed position when exposed to rain or
dust. If IP2X or IPXXB is not practical, it is also acceptable to use the crushing requirement dimensions
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specified in ISO 3457:2003, 10.7. Normal maintenance procedures shall be specified in the operator’s
manual, if necessary, to prevent debris build-up.

It shall not be possible to open an enclosure (e.g. via a door, lid, or cover) unless one of the following
conditions, a) to c), is satisfied.

a) Accessrequires the use of a key or tool

Live parts likely to be touched when performing adjustments while the equipment is connected
shall be protected against direct contact to at least IP2X or IPXXB.

D ftad ls 4 itlos £l 1 Loll L + tad 3 £ s s + s 4.1 t
oor-rpotfeea—ive PAT CST VvV ICHIIT e CTICTO S UT C—STTarT o C pTrotCttC U agarS T uIr e T CoTrcat T tu—at EaAS

IP1X of IPXXA.
b) Live pparts inside the enclosure are automatically disconnected if the enclosure is opéenec

An exgmple of this measure is an interlock which operates a disconnecting devicej\arranged quch
that if the door is open, the disconnecting device is open and cannot be closed if the‘door is opeh.

Accesdibility of live parts behind doors and not directly interlocked with the disconnecting deyice
shall bl limited to skilled persons.

Parts that remain live after switching off the disconnecting device(s) shall be protected agajinst
direct[contact to at least IP2X or IPXXB. Such parts shall be markéd with a warning in accorddqnce
with 16.2.1 (see 11.8 for identification of conductors by colour);

Exception 1: this marking requirement does not apply to

— parts that might be live only because they are partef an interlock circuit and that are colpur-
identified in accordance with 11.8 as potentially.live,

— thg source terminals of a source disconnecting device if it is mounted alone in an enclosure

Exception 2: a special device or tool furnished or specified by the supplier may be used to bypass
the interlock if the following conditions dre’met:

— thg disconnecting device can be 6pened and locked in the OFF (open) position, or unauthorized
clgsure of the disconnect is pfevented if the interlock is bypassed;

— the interlock function is.automatically returned to service upon closing the door;

— livle parts likely to be touched when performing adjustments while the equipment is connegted
shpll be protected-dgainst direct contact to at least [P2X or IPXXB, and door-mounted live parts
within the enclosure shall be protected against direct contact to at least IP1X or IPXXA.

o

Appropriate information is provided with the electrical equipment in accordance with Clause 1

c) Alllive parts are protected against direct contact to at least IP2X or IPXXB if the enclosurecan
be opé¢ried without the use of a key or a tool or without automatic disconnection of live parits

If protection is provided by a barrier, a tool shall be required for removal of the barrier or else all
live parts protected by it shall be automatically disconnected when it is removed.

If a hazard can be caused by manual actuation of devices such as contactors or relays, manual
actuation should be prevented by barriers or obstacles that require a tool for removal.

5.3 Protection by insulation

Live parts protected by insulation shall be completely enclosed by insulation which can be removed
only by destruction.

NOTE Paints, varnishes, lacquers, and similar products alone are not generally considered adequate for
protection against electric shock.
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5.4 Protection against residual voltages

When a source voltage of electrical equipment is removed (e.g. by disconnection or by stopping a
generator), residual voltages within the equipment shall conform to the values in Table 1. If the rate
of discharge required to comply with the time limit specified would prevent the equipment from
functioning as intended, a warning marking shall be placed at a prominent location on or adjacent to the
capacitance enclosure. The warning marking shall state a minimum time interval required before the
capacitor enclosure may be opened. This requirement does not apply to components containing stored

charge of 60 puC or less. For high-voltage equipment, IEC 60871-1:2014, Clause 21 shall apply.

In 4
pro
am
eith

Ser
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as t
med
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of f]
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For
par
aftd
sha
exc

5.5
Req
NOT

prey
encl

5.6

Fxbled—Residuaivol biodd .

Equipment type Maximum discharge time |Maximum voltage at time li

mit

Low voltage 10s 60V

High voltage 10 min 75V

ny case, in order to ensure discharge before opening the enclosure, lit is recommen|
minent marking in accordance with 16.2.1 be provided, warning the service person to wait
unt of time. The amount of time specified should be greater than'that required for d
er a voltage <60 V, or a stored charge <60 pC. The recommended makimum time is 5 min

Uice literature shall provide a method for verification of discharge of residual voltag
Ficing, and shall stress the necessity of doing so. Service literature shall instruct the sery

isuring device is functioning correctly.

Uice literature shall provide a procedure for manual discharge of residual voltages if
hilure of the automatic discharge means. If adevice is required for manual discharge
ages, the device shall be provided or specified by the EMM manufacturer.

low voltage systems, If disconnection'by means of a plug or connector results in acc
s, voltages of the accessible live parts greater than 60 V shall decrease to 60 V or less
r disconnection. Alternatively, protéction against direct contact to a level of at least IP2
| be provided. Energy storage devices (e.g. batteries or double-layer energy storage cap
uded if a warning markingds\provided.

Protection by barriers
uirements for pretection by barriers are given by IEC 60364-4-41:2005, A.2.
E Unless'they can be removed without the use of a key or tool, barriers or any other mean

rent or limit\the penetration of the specified test probes, whether attached to the enclosure or fo
osed equipment, are considered to be part of the enclosure.

Protection by inaccessibility

ded that a
aspecified
scharge to

bs prior to
rice person

p wearing of proper personal protective equipment (PRE} and verification that the residual voltage

the event
of residual

pssible live
within 1 s
X or IPXXB
citors) are

5 suitable to
Fmed by the

Requirements for protection by placing out of reach or by obstacles are given by IEC 60364-4-41:2005,

B.3

and B.2, respectively.

5.7 Special considerations for low voltage energy storage devices and related buses

Low-voltage energy storage devices and bus systems that remain energized during servicing shall
provide protection from inadvertent contact. Energy storage devices shall be contained in electrical
enclosures meeting all the other requirements of Clause 6, except that it shall be allowed to service
these devices with low voltage and hazardous amperages exposed. The means of protection shall be
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one or more of methods given in a) to d), below, in addition to e), or methods that offer equivalent levels

of hazardr

a)

locatio

b)

eduction:

ns, except in the areas where the electrical connections are made;

exposed live components of differing voltages;

c)

vertically mounted busbars;

bus systems connecting multiple energy devices: coated or covered by insulating materials in all

recessed, separated, or recessed and separated connections to reduce inadvertent contact between

bus systems mounted in ways that deflect dropped tools away from making direct contact, such as

d) bussy

the en

th

mg

apf
Energy stofa

be full

brgy storage device to be broken in to smaller, less hazardous storage sub-units;

warning labels, servicing instructions, or both indicating

e hazards of electrical shorting,

pthods to be used to prevent shorting, such as using insulated tools and insulated gloves,
ropriate personal protection equipment.

ge device terminals shall

y shrouded, or

— have ipsulating barriers installed between them,

or both.

5.8 Prey

5.8.1 Ge

Measures f
and electri

5.8.2 Pr

This meastire is intended to-prevent the occurrence of touch voltages on accessible parts due to a f]

in basic ing

Protection

insulaf

'ention of touch voltage

neral

cal separation.

btection by class II construction or equivalent

ulation.

is accomplished by one or more of the following:

class I eleetrical devices or apparatus (double insulation, reinforced insulation or equiva

ion‘according to IEC 61140);

o prevent the occurrence of a-touch voltage include use of class II or equivalent insulaf

ttems that are interconnected by contact relays, knife switches, or similar devices that ailow

ion,

hult

lent

switch

supple

gear and controlgear assemblies having total insulation according to 1EC 61435Y9-1;

mentary or reinforced insulation according to IEC 60364-4-41.

5.8.3 Protection by electrical separation

This measure is intended to prevent a touch voltage on exposed conductive parts that become energized
due to a fault in basic insulation of live parts of that circuit. The requirements of IEC 60364-4-41:2005,

C.3, apply.
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5.9 Protection by automatic disconnection of source

This measure is intended to interrupt one or more of the line conductors by the automatic operation
of a protective device in the event of a fault. Interruption shall occur within a time sufficiently short
enough 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 B.

Coordination is required between the following:

— the type of source and earthing (or chassis equipotential bonding in the case of self-powered
machines) system;

— |the impedances of the relevant parts of the protective equipotential bonding systems;
— |the characteristics of the protective devices.

Thif measure includes both protective equipotential bonding of exposed conductive parts|and one of
the[following:

a) |in TN systems, OCP for automatic disconnection of the source on detection of an insulation fault, or

b) |in TT systems, residual current protective devices to initiate autonratic disconnection of{the source
upon detection of an insulation fault from a live part to expo§ed conductive parts or tp earth (or
chassis in the case of self-powered machines), or

c) |inIT systems, either

1) insulation monitoring for the first fault from alive part to exposed conductive parts|or to earth
(or chassis in the case of self-powered maclines), or

2) |residual current protective devices that initiate automatic disconnection.

In respect of 1), above, the insulation @onitoring device shall initiate an audible signpl, a visual
signal, or both, and this signal shall/continue as long as the fault persists. Machine opgrators and
service personnel shall be warnedabout a “first fault” according to 15.7.2.

NOTE The provision of aniearth (or chassis in the case of self-powered machines) fault locqtion system
facilitates troubleshooting.

TN,| TT, and IT systems_are/defined by IEC 60364-1, which covers voltages up to 1 00 V AC and
1500V DC.

Thif document extends the range of application for TN, TT, and IT systems to 36 kV AC or DQ.

Forgseeable misuse, e.g. disabling of the audible or visual signal while continuing operating the machine,
shall be alsa\considered.

If afitomatic disconnection is provided in accordance with a), above, and disconnection timg¢ is greater
tha]: specified in B.1, supplementary equipotential bonding shall be provided as necessary to comply
with B.3 (see Annex B).

5.10 Protection by equipotential bonding

5.10.1 General

Protective equipotential bonding (see 5.10.2) protects persons against electric shock from indirect
contact in the event of a fault.

Functional equipotential bonding (see 5.10.3) serves a different purpose, which is to minimize the
consequences of insulation failures or electrical disturbances which could affect the operation of the
EMM. Functional equipotential bonding is usually achieved by connection to the protective equipotential
bonding circuit, but if the level of electrical disturbances on the protective equipotential bonding circuit
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could interfere with proper functioning of sensitive electrical equipment, the functional equipotential
bonding circuit may be connected to a separate functional earthing or chassis equipotential bonding

conductor.

5.10.2 Protective equipotential bonding circuit

5.10.2.1 General

The protec

tive equipotential bonding circuit consists of

ared

machines),
— protective conductors in the equipment of the EMM including sliding contacts where they-are part
of the ¢ircuit,
— exposdd conductive parts and conductive structural parts of the electrical equipment, and
— miscellaneous conductive parts which form the structure of the EMM.
Each part ¢f the protective equipotential bonding circuit shall be capableof\withstanding the highest
thermal arld mechanical stresses that can result from earth-fault or chassis-fault currents that cquld
flow in thaf part of the protective equipotential bonding circuit.

Where the
that of the
protective
equipotent

resistance of structural parts of the electrical equipment or of the EMM is greater
smallest protective conductor connected to the exposed conductive parts, a supplement
equipotential bonding conductor shall be proyvided. The supplementary protec
ial bonding conductor shall have a cross-sectional area not less than half that of

correspondling protective equipotential bonding conducteor.

If an IT di

tribution system is used, the EMM structure shall be part of the protective equipoter

han
ary
tive
the

tial

bonding citcuit and insulation monitoring shall bé.provided [see 5.9 c}].

Conductivg structural parts of equipment considered to be class Il or equivalent (see 5.8.2) need noft be
connected [to the protective equipotential bending circuit. Miscellaneous conductive parts which fprm
the structyre of the EMM need not be €onnected to the protective equipotential bonding circuit if all
equipment|provided is class Il or equivalent.

5.10.2.2 Rrotective conducters

Protective|conductors shall'be identified in accordance with 11.8.2.

Copper corlductors arepreferred. The electrical resistance per unit length of a conductor material other
than coppdr shall netexceed that of the allowable copper conductor.

For low-vgltagelequipment, the cross-sectional area of protective conductors shall be determinef in
accordance with the requirements of

as appropr

IEC 60364-5-54:2011, 543, or
IEC 61439-1,

iate.

For high-voltage equipment, the minimum cross-sectional area, S, of protective conductors shall be
determined by available fault current.

a) For earth fault current Ig < 1004, S = Spin:

— for copper, Smin = 16 mm?2,

16

for aluminium, Spmin = 35 mm?2, and
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for steel, Syyin = 50 mm?2.

b) For earth fault current Ig > 100 A, S = Smin(Ig/100)2.

5.10.2.3 High leakage currents

Earth leakage current is defined as “current flowing from the live parts of an installation to earth, in
the absence of an insulation fault” (IEV 442-01-24). This current might have a capacitive component,

including that resulting from the deliberate use of capacitors.

NOTE

Most adjustable speed electrical power drive systems that comply with relevant parts of IEC 61800

have an earth (or chassis in the case of self-powered machines) leakage current greater than 3,5 mA
curfent measurement method is specified as a type test in IEC 61800-5-1 to determine the edxth
lealage current of an adjustable speed electrical power drive system.

If electrical equipment has an earth leakage current (e.g. adjustable speed electrical p
systems and information technology equipment) that is greater than 10 mA ACor'DC refere
supply source, one or more of the following conditions shall be satisfied forthe associated

AC. A touch
(or chassis)

bwer drive
hced to the
protective

equiipotential bonding circuit:

a) [the protective conductor shall have a cross-sectional area of at least 10 mm2 Cu or 16 mnZ2 Al;

b) |if a protective conductor has a cross-sectional area of less than’10 mm?2 Cu or 16 mm?2 41, a second
protective conductor with a separate terminal and of at leastthe cross-sectional area nefessary for
the combined pair of conductors to meet this requirement shall be provided up to a poinf where the
protective conductor has a cross-sectional area not less'than 10 mm?2 Cu or 16 mm?2 Al;

c) |automatic disconnection of the supply in the event'of loss of protective conductor continuity.

High leakage currents can be restricted to the:device or equipment having high leakage |current by

conpection of that equipment to a dedicated”supply transformer having separate windings. The

profective equipotential bonding circuit shall be connected to exposed conductive pdrts of the

equipment and, in addition, to the secondary winding of the transformer. The protective
betveen the equipment and the secondary winding of the transformer shall comply with ong
thefarrangements described in 5.102.3.

5.10.2.4 Continuity of the protective equipotential bonding circuit

All
eq
The arrangementf)the protective equipotential bonding circuit shall be such that if a part

for any reason (e<g- routine maintenance), the protective equipotential bonding circuit for the
parfs shall not be interrupted.

exposed conductive parts except those specified in 5.10.2.6 shall be connected to the
ipotential bondingfeircuit in accordance with 5.10.2.1.

NOTE
conhecting point on an EMM, such as the frame or main electrical enclosure, is not considered an el¢

ronductors
or more of

protective

s removed
remaining

In the preceding requirement, the structure or part containing the main equipotential bonding

ctrical part

for nmnval’ prnviﬂnﬂ thatits remaoval nFFnr‘anly disablesthe EMM

Connection and protective equipotential bonding points shall be so designed that their current-carrying
capacity is not impaired by mechanical, chemical, or electrochemical influences. Where enclosures and
conductors of aluminium or aluminium alloys are used, particular consideration should be given to the
possibility of electrolytic corrosion.

Metal ducts of flexible or rigid construction and metallic cable sheaths shall not be used as protective
equipotential bonding conductors. Nevertheless, such metal ducts and the metal sheathing of all
connecting cables (e.g. cable armouring, lead sheath) shall be connected to the protective equipotential
bonding circuit.
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Continuity of the protective equipotential bonding circuit for electrical equipment mounted on lids,
doors or cover plates shall be ensured; a protective conductor is recommended. Otherwise, fastenings,
hinges or sliding contacts designed to have a low resistance shall be used.

The continuity of the protective equipotential bonding conductor in cables that are exposed to damage
(e.g. flexible trailing cables) shall be ensured by appropriate measures (e.g. monitoring).

Requirements for the continuity of the protective conductor using conductor wires, conductor bars and

slip-ring as

5.10.2.5 Exclusion of switching devices

semblies are given by 11.6.2.

No means
This mean

Exception
that are loq

If the con
removable
shall be in

e
plug-in unitlts.

5.10.2.6 E

Exposed cd
parts arec

cannot
appro;

are lod

This applie
irrespectiv
(see also IH

5.10.2.7 K

Connecting
attach or
terminatio

Marking re

To preven

hs shall betidentified in accordance with 11.8.2.

bf interruption of the protective equipotential bonding conductor shall be provided.
5 that a protective equipotential bonding circuit shall not include a switching dewicé or O

links for test or measurement purposes that cannot be opened without theise of a tool
ated in an enclosed electrical operating area.

inuity of the protective equipotential bonding circuit can be interrupted by mean
current collectors or plug/socket combinations, the protective equipotential bonding cir
rrupted by a first-make, last-break contact. This also applies te-removable or withdraw

arts that need not be bonded

nductive parts need not be connected to the protective equipotential bonding circuit if th
pnstructed or installed so that they are not a source of hazards. Such parts:

be touched on large surfaces or grasped With the hand and are small in size (less
imately 50 mm x 50 mm); or

ated so that contact with live parts or-an insulation failure is unlikely.

s to small parts such as screws,rivets, and nameplates and to parts inside an enclos
e of their size (e.g. electromagnets of contactors or relays and mechanical parts of devig
C 60364-4-41:2005, 410.3):

rotective conductof connecting points

F points for proteotive conductors shall have no other function. They shall not be use
becure other~devices or parts, including cable retention hardware. Protective condu

quiremments are given in ISO 14990-2 and ISO 14990-3.

CP.

and

5 of
cuit
hble

ose

han

ure,
es),

1 to
Ctor

of

[ (difficulties associated with electromagnetic disturbances, the EMC requirement:

ISO 13766

5.10.3 Fu

toutd-beapptied totheinstattatiomrof dupticate protective conmductors:

nctional equipotential bonding

Protection against malfunction as a result of insulation failures can be achieved by connecting to a
common conductor.

NOTE 1

NOTE 2

18

For externally powered machines, see ISO 14990-2.

For self-powered machines (see ISO 14990-3); chassis can be considered as a common conductor.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=c7704091cc0008495820550fd06f7293

ISO 14990-1:2016(E)

5.10.4 Devices for earthing and short-circuiting live parts

For high-voltage equipment, devices for earthing and short-circuiting all live parts of high-voltage
equipment to the earthing system shall

— comply with IEC 61230, and
— be provided in adequate quantity to enable work on live parts to be carried out safely.

See 5.10.1 regarding functional equipotential bonding to protect against electromagnetic disturbances.

5.1 Protection by use of PELV

5.11.1 General

PELV protects persons against electric shock from indirect contact and limited\area direct contact. A
PELV circuit needs to satisfy all of the following conditions.

a) |For 12 VDC and 24 V DC (nominal) battery/alternator-supplied circuits

— The batteries shall be protected by an enclosure from inadvertent contact durjng normal
EMM use.

— Terminals of the batteries shall be protected from tools contacting them duripng routine
maintenance.

— Other unfused terminals such as the alternator, starter and starter solenoid are protlected from
tools contacting them during routine maintenance.

— Other exposed live surfaces are protected by fuses, and shall have exposed areg less than
50 mm x 50 mm.

b) |For circuits other than those of a), the nominal voltage shall not exceed

— 25V ACr.m.s. or 60 V ripplé-free DC when the equipment is normally used in dry lo¢ations and
when large area contact of live parts with the human body is not expected, or

— 6V ACr.m.s. or 15 V kipple-free DC in all other cases.
NOTE Ripple-freefis defined for a sinusoidal ripple voltage as a ripple content of not more than 10 % r.m.s.

c) |One side of the PELV circuit or one point of the source of the source of that circuit shall bg connected
to the proteetfive equipotential bonding circuit.

d) |Live parts'of PELV circuits shall be electrically separated from other live circuits| Electrical
separation shall be at least that required between the primary and secondary circuits|of a safety
isolating transformer (see IEC 61558-1 and IEC 61558-2-6).

ral A | 4 £ DLLYL o b alaalll L. H 11 ol L £l £ 1 H : If h
e Lullduttivur s vrcallil 1 LLV CITCUIt S1Idll UT lJll_yDlLClll‘y DClJcll dlCTU 1T UIIT LIIUST Ul au_y ULIITT UI1 Lult. t lS

requirement is impracticable, the insulation provisions of 5.3 shall apply.

f) Plugs for PELV circuits shall not be able to enter socket-outlets of other voltage systems, and PELV
socket-outlets shall not admit plugs of other voltage systems.

5.11.2 Sources for PELV
A PELV source shall be one of the following:
— asafety isolating transformer in accordance with [EC 61558-1 and IEC 61558-2-6;

— asource of current providing a degree of safety equivalent to that of the safety isolating transformer
(e.g. a motor-generator with winding providing equivalent isolation);

© IS0 2016 - All rights reserved 19


https://standardsiso.com/api/?name=c7704091cc0008495820550fd06f7293

ISO 14990-1:2016(E)

(e.g. an engine-driven generator);

an electrochemical source (e.g. a battery) or another source independent of a higher voltage circuit

an electronic power supply conforming to appropriate standards specifying measures to be taken

to ensure that, even in the case of an internal fault, the voltage at the outgoing terminals cannot
exceed the values specified in 5.11.1.

6

6.1 Gen

Protection against electrical fire hazards

nyql

6.2 Fire

The risk aj
hazards arn
considerat

The electri

6.3 Prey
IEC 60695
ignitability
and they g
6.4 Min]
Minimizing
ignition oc
or by cont

usually ad
standards.

7 Prote
Protection

NOTE 4

8 Prote

Protection

hazard assessment

sessment for electrical hazards shall include fire-related risks. Information-regarding
d electrical equipment is given in IEC 60695 series. The risk assessment need not take
on combustible materials compliant with ISO 20474-1:2008, 4.20.1.

cal equipment should be examined as both a cause of and a contribufor to fire.

'ention of ignition

£1-20, IEC 60695-1-21, and IEC 60695-1-30 provide guidance regarding flammability
of nonmetallic parts and materials. Component standards usually address these conce
bnerally take precedence over the generic IEC 60695¢standards.

imizing the spread of fire

b the spread of fire is a second protective\nteasure in addition to prevention of ignitio
Curs, spread of the resulting fire should be minimized by suitably enclosing the ignition ¢
Folling the flammability of surrounding parts, or by both measures. Component standg
dress these concerns, and they-generally take precedence over the generic IEC 60

ction against thermal’hazards
against thermal hazards should be according to ISO 20474-1.

\ttention is direeted'to ISO 13732-1 and ISO 13732-2.

ction against mechanical hazards

agdinst mechanical hazards should be according to ISO 3457 and ISO 20474-1.

fire
nto

and
rns,

h, If
rea

rds
695

9 Protection against abnormal operation hazards

9.1 General

This clause provides requirements for protection against abnormal operation hazards such as those
listed in item 3 of Table A.1.

20
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9.2 Overcurrent protection (OCP)

9.2

.1 General

If the current in an EMM circuit can exceed the rating of any component or the ampacity of conductors,
overcurrent protection shall be provided. See 9.2.4 regarding ratings and settings.

Overcurrent protection need not be provided for a neutral conductor if the cross-sectional area of the
neutral conductor is at least equal to that of the phase conductors.

NOTE

reg

The
pow

ass

9.2

Tra
inst

inr
ins

9.2

Thd

A lg
con
of t
the
the

NOT
Wh

arr

9.2

Cur

yet

Con

of i
facITor correction capacitors) shall be taken intocgonsideration in design or selection of the O

In IT systems, it is recommended that the neutral conductor not be used. For other considerations

grding neutral conductors, see IEC 60364-5-52:2011, 524, and IEC 60364-4-43:2008, 431.2.2.
neutral conductor of AC power circuits and the earthed (or chassis-bonded imthe c
fered machines) conductor of DC power circuits shall not be disconnected without.discor

ciated live conductors.

2 Transformers

hsformers shall be protected against overcurrent in accordance with the man
ructions. Additionally, such protection shall avoid nuisance tripping due to transformer n
sh currents and prevent a winding temperature rise in exéess of the permitted va
lation class of transformer when the transformer secondary‘is short-circuited.

!

3 Overcurrent protection (OCP) implementation

rated interrupting capacity of the OCP shall notbé-less than the available fault current §
stallation. Additional short-circuit currents other than from the source (e.g. from motor

wer breaking capacity is permitted if afiother protective arrangement (e.g. the OCP for
ductors) having the necessary breaking capacity is installed on the supply side. The chat
he two overcurrent protective systems shall be coordinated so that the let-through ene
two systems in series does not exceed that which can be withstood without damage to

load side and to the conductars protected by that system (see IEC 60947-2: 2013, Annex |
E A coordinated arrangement of the OCPs can result in the operation of both.

bre fuses are providedqas the OCP, a type readily available in the country of use shall be §
ingements shall bésmade for the supply of spare parts.

4 Rating.and setting of overcurrent protective systems

rent ratings of fuses or the settings of other OCPs shall be selected so as to be as low :
adequate for anticipated overcurrents (e.g. during motor starting or transformer ¢

hse of self-
necting all

jufacturer’s

agnetizing
ue for the

it the point
S or power
CP.

the source
acteristics
rgy (I2t) of
the OCP on
).

elected, or

1s possible,
nhergizing).
ercurrents

sideration shall be given to the protection of switching devices against damage due to oy

(eg

13 c 3
- WCEIUIITE OI COIILaClsS).

The necessary rated current or setting of an OCP is determined in accordance with 11.4 by the ampacity
of the conductors to be protected and the maximum allowable interrupting time ¢, taking into account
coordination with other electrical devices in the circuit.

9.2

.5 Placement of overcurrent protective devices

An OCP shall be placed at each point where a reduction in the cross-sectional area of conductors or
some other change reduces the down-stream current-carrying capacity of the conductors, unless the
following are satisfied:

the current carrying capacity of the conductors is at least equal to that of the load;
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— the conductor is installed in such a manner as to reduce the possibility of a short-circuit, such as
protection by an enclosure or duct.

9.3 Abnormal temperature protection

Resistance heating or other circuits capable of attaining or causing abnormal temperatures (e.g. due to
short-time rating or loss of cooling medium) and that therefore can cause a hazardous situation, shall
be provided with suitable detection to initiate an appropriate control response.

9.4 Earth (or chassis in the case of self-powered machines) fault/residual current

protectio

Earth (or

provided t
level of the
with prope

9.5 Profection against overvoltages due to lightning and to switching,surges

Protective
switching |

Where pro

device
termin

device
termirn

9.6 Proflection against other abnormal opeération hazards

Appropriat
reactors, a

10 Elect]
10.1 Disd

10.1.1 Ge|

Operation
EMM from

n

chassis in the case of self-powered machines) fault/residual current protection’can

OCP. The setting of the fault/residual current devices shall be as low as possible consis
r operation of the equipment.

devices can be provided to protect against the effects of over¥oltages due to lightnin
urges.

vided:

als of the supply disconnecting device;

5 for the suppression of overvoltages due to switching surges shall be connected across
als of all equipment requiring such protectien.

e protection shall be provided on liquid-filled electrical equipment (e.g. transform
hd switchgear) to account for the effects of abnormal temperature, overpressure or leak:

ic power source
onnection of source

neral

pf a leckable disconnecting device shall disconnect (isolate) the electrical equipment of
the“electrical source powering the equipment.

reduce damage to equipment due to earth (or chassis) fault currents less than the detect

be
on
fent

—n

P

5 for the suppression of overvoltages due to lightning shall be connected to the inconping

the

ers,
ge.

the

A disconnecting device shall be provided

— for each incoming source powering an externally-powered EMM, and

— for each on-board power source of a self-powered EMM.

Exception 1: A disconnecting device is not required for an engine-driven power source if an equivalent
engine-stop provision is made.

Exception 2: Circuits intended to be used during servicing such as lighting, convenience socket outlets,
control circuits, and the like are not required to be disconnected. It is recommended that such circuits
be provided with dedicated disconnecting devices.

Protective

22

interlocks shall be provided if two or more disconnecting devices are employed.
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circuit is not disconnected by the source disconnecting device:

a warning marking (see 16.1) shall be placed near the disconnecting device;

— an appropriate warning and relevant information shall be included in the service literature;

For

be 1

For

sup,

10.
Ad

quallify for the appropriate service category defined in that Intéxhational Standard (such as
Swi

Ad

Alte

pro

A sd

the equipment shall comply with one or more of the following:
1) awarning marking (see 16.1) shall be placed near each excepted circuit;

2) the excepted circuit shall be electrically isolated from other circuits;

3) the circuit conductors shall be identified by colour (see 11.8.4).

cables which remain live after a disconnection is made, additional warnings andnstru
rovided to address potential hazards.

high-voltage equipment, means shall be provided to connect all live condugtors of eac
ply to the earthing system.

.2 Source disconnecting devices

sconnecting device shall comply with an existent IEC International Standard for that

Lching of motors or other inductive loads).
sconnecting device shall meet the isolation requirements of IEC 60947-1.

rnatively, a suitably rated plug/socket combindtion complying with IEC 60309-1 is
vided that it also satisfies a) to e) of 11.10.5.

urce disconnecting device other than a plig/socket combination shall satisfy all of the fg

have one OFF (isolated) and one ON+y(connected) position marked with the symbols IEC §
(for OFF) and IEC 60417-5007 (fotON);

be provided with a means ofllocking in the OFF position such that neither remote nor loc
possible;

disconnect all live conductors;

have a breaking capdcity sufficient to interrupt the current of the largest total load, inclug
or running metors, which breaking capacity may be reduced by use of a proven diversit}

NOTE The diversity factor is the reciprocal of the coincidence factor. The coincidence f
ratio, expressed as a numerical value or as a percentage, of the simultaneous maximum deman
of electrical appliances or consumers within a specified period, to the sum of their individug
demands within the same period. In using this term, it is necessary to specify to which level of t
relates.

tions shall

L incoming

levice, and
under-load

permitted,

llowing:

0417-5008

] closing is

ling stalled
 factor.

actor is the
d of a group
I maximum
he system it

A source disconnecting device shall be mounted so that the operating means (e.g. a handle) is easily
accessible.

Wh

en used, earthing switches shall comply with IEC 62271-102.

The supply disconnecting device and associated earthing switch should preferably be combined in a

fun

ctional unit.

Interlocks shall exist to ensure that earthing of the live conductors is only possible when the
disconnecting device is in the open position, and closing the disconnecting device is only possible when

the

©IS

live conductors are not earthed.
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10.1.3 Eq

uipment disconnecting devices

Where appropriate, disconnecting devices shall be provided for individual items of electrical equipment
so as to allow work to be carried out with the equipment item de-energised and isolated. The source
disconnecting device may fulfil that function.

Disconnectors, withdrawable fuse links, and withdrawable links are permitted in addition to the
source disconnecting devices described in 10.1.1 and 10.1.2, but only if they are located in an electrical
operating area and relevant information is provided with the electrical equipment.

10.2 Prev

rention of unintended cfnrf-np

Provision s
or partof ¢

Such devi

identifiabl¢

NOTE 1

Inadverternt

Devices ps¢
fuse links,

Devices th

hazard, thq

replacement of plug-in devices without disturbing wiring); and for high-voltage equipment, provi

that no wo

NOTE 2

T

T

hall be made to prevent unintended start-up (e.g. if, during servicing, a start-up ofthe E
he EMM might result in a hazard).

(e.g. by a marking in accordance with 16.1).
his document does not address all provisions for prevention of unintended-start up. See ISO 141
closure of these devices from any location shall not be possible.

rmitted for this purpose are those described in 10.1.2; also disconnectors, withdraw
hnd withdrawable links, if they are located in an enclosed €lectrical operating area.

switching off remains effective throughout the work, and the work is of a minor nature

'k is being carried out on or near the high valtage electrical equipment.

10.3 Exte

The risk

electrical g

charging instructions for machlne operators proper marklng of the chargmg outlet/plug, protectlon against

rnal electrical charging

ssessment for electrical hazards shall consider external electrical charging in case
harging option is available.

es shall be easily usable for the intended purpose, appropriately placéd;y and rea

ht do not comply with the requirements for isolation may only be used for circuits invol
in inspections; adjustments; or work on the electrical equipment where there is no shock or b

he risk assessment, taking into account th€ intended users of the device, guides the device select

MM

dily

| 8.

hble

ved
urn

e.g.
ded

ion.

the

Irds,

ase

[ate,

misuse (the outlet/plug available only with help of a special tool or keys), the charging outlet/plug formed in
a special shape, consideration of charging in the machine earthing system, installation of OCP devices, phase
sequence protection, etc.

11 Wiring

11.1 General

Conductors and cables shall be suitable for operating conditions, including

— voltage,

24
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— current,

— grouping of cables,

— protection against electric shock,

— ambient temperature,

— moisture, water, or insulation-degrading substances,

— mechanical stresses, including installation stresses, and

— |risk of fire.

CAUTION — Usage of polyvinyl chloride (PVC) insulation is not recommended-for EMM due to
risk of burning and chemical hazards.

IMPORTANT — The requirements of this clause do not apply to the internaljwiring of ¢quipment
and devices that comply with the relevant IEC International Standards.

11.2 Conductors

Copper conductors are preferred. If aluminium conductors are used)their cross-sectional arg¢a shall not
be less than 16 mm?2.

In drder to provide sufficient mechanical strength, the cross-sectional area of conductors|should not
be less than 1 mm?2 for power circuit cables or singlezeore control circuit cables, 0,5 mm?2 for two-
cor¢ unshielded control cables, 0,2 mm?2 for two-core shielded or multi-core unshielded conftrol circuit
cables, or 0.08 mm?2 for data communication cables."Conductors with smaller cross-sectional areas or
other constructions are acceptable if sufficient méchanical strength is achieved by supplemepntal means
without impairment of proper functioning.

Corjductors subject to movement shall comply with 11.5.

11.3 Insulation

Theg mechanical properties and:thickness of cable insulation, especially for cables pulled|into place,
shall be such that the insulatien is unlikely to be damaged during installation or in operationp.

It i$ recommended that-power cables comply with IEC 60502-1 or, if shielded or multi-core, the
conpbination of ISO 6722-1 and 1SO 14572.

The insulation eficables and conductors used shall be suitable for a test voltage

— |of not léss)ithan 2 000 V AC for a duration of 5 min for operation at voltages higher than|50 V AC or
120 V.BC, or

— |ofnot less than 500 V AC for a duration of 5 min for PELV circuits (see IEC 60364-4-41, class III
equipment).

Consideration should be given to whether the insulation of conductors and cables can be a source of
hazards due to propagation of fire or emission of toxic or corrosive fumes (see IEC 60332).

11.4 Conductor and cable ampacity

Designated conductor ampacity shall take into account relevant factors such as insulation material,
number of conductors in a cable, presence of a sheath, methods of installation, grouping, and ambient
temperature. See IEC 60364-5-52 for detailed information.

The cable manufacturer should be consulted for applications where the cable design parameters are
affected by the period of the duty cycle and the thermal time constant of the cable.
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Unless other requirements apply, where a general-purpose socket outlet or lighting outlet is used, the
voltage drop from the point of supply to the load shall not exceed 5 % of the nominal voltage under
normal operating conditions.

11.5 Flexible cables

11.5.1 General

Flexible cables shall be constructed from conductors at least as fine as Class 5 (see IEC 60228).

Cables thatimtheimtemded application exXperience Stresses Sucr a5 (ronT the fottowingstoutd

appropriat
— abrasi
stress
being y
high te
small 1
bendin
high d

11.5.2 Mg

A cable-haj
the tensile

The tensil

sectional al[

If the tensi
agreement

NOTE ]
the cables, 1

kinkinig;

ely constructed to avoid reduced operating life:

b1;

resulting from guide rollers and forced guiding;
vound on cable reels;

nsile stress;

adius bending;

g into another plane;

Ity cycles.

chanical rating

ndling system (e.g. reels, festooned or suspended cable, flexible cable trays) shall be such
stress of the conductors is kept as low-as practicable during operation.

e stress applied to copper conductors shall not exceed 15 N/mm? of the copper cr
ea.

e stress in operation exceeds 15 N/mm?2, specially constructed cables should be used, V)
from the cable manufacturer as to the maximum tensile stress.

be

that

DSS-

vith

[ensile stress on thésconductors is affected by acceleration forces, rate of motion, hanging weight of

hethod of guiding, and design of a cable reel system.

11.5.3 Ampacity of.cables wound on reels

Ampacity ¢

f cables' wound on reels is addressed by of IEC 60204-1:2005, 12.6.3.

11.6 Ass

mblies having siiding contacts

This subclause applies to assemblies having sliding contacts, including conductor wires, conductor
bars, and slip-ring assemblies.

11.6.1 Accessibility of live parts

Accessibility of conductor wires, conductor bars and slip-ring assemblies shall be limited by partial
insulation of live parts or by enclosures or barriers of at least [P2X (see IEC 60364-4-41:2005, 412.2).

Readily accessible horizontal top surfaces of barriers or enclosures shall provide a degree of protection

of atleast ]

26

P4X.
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Exception: Protection may be achieved by placing live parts out of reach in combination with emergency
switching off in accordance with 14.5.8.

Conductor wires and conductor bars, especially if unprotected, shall be so arranged as to prevent contact
with conductive items such as the cords of pull-cord switches, strain-relief devices and drive chains.

11.6.2 Protective conductor circuit

Conductor wires, conductor bars and slip-ring assemblies that are part of the protective equipotential
bonding circuit shall not carry current during normal operation. However, they may conduct small
transients and currents cansed by capacitive rm]pling

The protective conductor and the neutral conductor shall be separate conductors. The confinuity of a
profective conductor circuit using sliding contacts shall be ensured by measures such)as duplication of
thelcurrent collector or continuity monitoring.

11.6.3 Protective conductor current collectors

Profective conductor current collectors shall have a physical configaration such that they cannot
intdrfere with other current collectors during operation.

11.6.4 Removable current collectors used for disconnection

If afremovable current collector has a disconnecting function, its protective conductor circhit shall be
intdrrupted only after the live conductors have been disconnected. The protective condugtor circuit
shall be reconnected before any live conductor is reconnected.

11.6.5 Clearances

Clearances between conductors and between' adjacent systems of conductor wires, condfictor bars,
sliptring assemblies and current collectorsshall be as follows:

— [for low-voltage equipment, asspecified by [EC 60664-1;

— |for high-voltage equipment, ‘suitable for the rated short-duration power frequency|withstand
voltage and the lower levelof the rated lightning impulse withstand voltage shown in I§C 60071-1:
2006, Table 2.

11.6.6 Creepage distances

For|low-voltage equipment, creepage distances between adjacent conductors or systems of conductor
wires, conductor' bars and slip-ring assemblies, and their current collectors, shall be as specified by
[EC|60664-1:Creepage distances shall be suitable for the intended environment. In environments that
may reswlfiin unusually heavy deposits of dust, moisture, or corrosive or conductive substances, the
follpwing'creepage distance requirements apply:

— 60 mm minimum for unprotected conductor wires, conductor bars, and slip-ring assemblies;

— 30 mm minimum for enclosed conductor wires, insulated multi-pole conductor bars and insulated
individual conductor bars.

For high-voltage equipment, creepage distances between adjacent conductors or systems of
conductor wires, conductor bars and slip-ring assemblies, and their current collectors, shall be such
that the equipment is suitable for operation at pollution level II, Il or IV according to of IEC 60071-
2:1996, Table 2.

For all equipment, if the intended application involves a high pollution degree, component
manufacturers’ recommendations for measures to prevent gradual degradation of insulation values
shall be followed.
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11.6.7 Conductor system sectioning

If conductor wires or conductor bars are arranged so that they can be divided into isolated sections,

energizing

of adjacent sections by the current collectors themselves shall be prevented.

11.6.8 Construction and installation

Conductor wires, conductor bars and slip-ring assemblies of power circuits shall be grouped separately
from those of control circuits and shall be capable of withstanding the electromechanical and thermal
effects of short-circuit currents without damage.

If conductd
together al
by the leng

NOTE ]
COVers or co

11.7 Coni

11.7.1 Ge|

Connectioy
accidental

Connecting

Connectioy
evaluated {

Exception
Soldered ¢
Terminal b

If there is
of incorreq
accordancg

The install
drain away

Exception

Conductor
provide for

r bars are installed in a metal enclosure, the individual parts of the enclosure shall be bonded
nd connected to a protective equipotential bonding conductor at several points determined
ths of the sections.

letal hinges are considered sufficient to ensure continuity for protective equipoténtial bondirlg of
ver plates of metal enclosures and ducts.

nections and routing

neral

s, especially those of the protective equipotential bonding rircuit, shall be secured agajinst
oosening.

F devices shall be suitable for the sizes and types of conductors being terminated.

of more than one conductor to one terminal“is permitted only if the terminal has Heen
or that purpose.

Not more than one protective conductorshall be connected to one terminal connecting pgint.
pnnections shall be permitted only if the connecting devices are intended for soldering.
locks shall be plainly marked or labelled to correspond with the diagrams.

a risk of incorrect electnical connection and it is not practicable to reduce the likelihjpod

t connection by design_measures, the conductors and terminations shall be identifiefl in

with 11.8.1.
ation of flexible €onduits and cables shall be such that liquids from rain, cleaning, etc. shall

from the fittings at entry points to enclosures.

Fittings/that prevent liquid penetration into enclosures may accommodate any orientatjon.
strands' shall be confined when terminating conductors at devices or terminals that do|not

petention of copper strands. Solder shall not be used for strand retention.

Shielded conductors that may be disconnected in the field, such as for repairs, shall be terminated so as

to prevent

fraying of strands and to allow easy disconnection.

Internal and external wiring shall not cross over the terminals of terminal blocks (see IEC 60947-7-1).

11.7.2 Conductor and cable runs

The following rules apply to conductor and cable runs.

a) Runss

hall be from terminal-to-terminal without splices or joints.

Exception: Where it is impracticable to provide terminals in a junction box (e.g. repair of cable due

to mec

28

hanical stresses during installation or operation), splices or joints may be used.
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NOTE
considered to be joints.

If cables or cable assemblies need to be connected or disconnected in the field, suffic
shall be provided for that purpose.

Plug/socket combinations with suitable protection against accidental disconnection are not

ient length

Cable terminations shall be adequately supported to minimize mechanical stresses on the

conductors.

The loop impedance shall be minimised by installing the protective conductor close to the

associated live conductors to the extent practicable.

11.

Con
san
cirg

Con
for

11.8

11.

Evel
doc

It iS
one|

.8.2 Protective conductor identification

iflentification is by~celour alone, the bicolour combination GREEN-AND-YELLOW shd

High voltage cables should be physically separated from low-voltage cables.

7.3 Conductors of different circuits

ductors of different circuits may be installed together, may occupy the sanie\duct, or ma
e multi-conductor cable if the arrangement does not impair the proper functioning of the
uits.

ductors of circuits operating at different voltages shall be separatedby barriers or shall b,
the highest voltage to which any conductor insulation within thetsame duct is subjected.

Identification of conductors

B.1 General

ry conductor shall be identified at its termipations in a manner consistent with th
umentation.

recommended that conductors be identified by number, alphanumeric, colour (either sq
or more stripes), or a combination of colour and numbers or alphanumeric.

protective conductor shall’be easily distinguished. Acceptable means are colour of the
ductor insulation or marking, shape, or location.

ughout the length of the protective conductor. This colour identification is strictly reser

y be in the
respective

e insulated

b technical

lid or with

protective

Il be used
ved for the
hny 15 mm
surface of

protectiye conductor (or its insulation if insulated), the other colour covering the remainder of the

protective

" where an

1nsulated protectlve conductor is not readlly acce551ble colour codlng throughout 1ts length is not
required, but the ends and any other accessible locations shall be clearly identified by the graphical
symbol IEC 60417-5019 or by the bicolour combination GREEN-AND-YELLOW.

11.8.3 Neutral conductor identification

If a neutral conductor is identified by colour alone, that colour shall be BLUE. In order to avoid confusion,

itis

Ifa

recommended that a “light blue” colour be used.

colour is the sole identification of the neutral conductor:

— that colour shall not be used for identifying any other conductor unless there is no chance of

confusion;
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— uninsulated conductors used as neutral conductors in each enclosure shall bear a coloured stripe,
15 mm to 100 mm wide, or colouring throughout their length.

11.8.4 Identification by colour

If colour-coding is used for identification of conductors other than protective and neutral conductors,
the following colours may be used:

— BLACK

— BROW
— RED

— YELLQW
— GREEN

— BLUE
— VIOLE
— GREY

— WHITE

— PINK

— TURQUOISE.

NOTE This list of colours is derived from IEC 60757.

All conduc

shall be coyered with orange insulation, orange cenduit, orange braiding or sleeving, or be othery

marked or

The required orange marking may be placded periodically along the length of the conductor, provi

those mar
marking is

It is recomimended that, where_colour is used for identification, the colour be used throughout
length of the conductor either-bythe colour of the insulation or by colour markers at regular inter

and at the

The colour]
with the bi

Colour idemtification using combinations of the colours listed above may be used provided there i
possibility|of/confusion and that GREEN or YELLOW is not used except in the bicolour combina
GREEN-AND-=YELLOW.

N

including LIGHT BLUE)
I\

fors used for low or high voltage that are.not contained within electrical enclosures or dt
hinge, to make clear they are low or.high voltage conductors and not, for example, fluid ho

kings are closely enough spaced to ensure that wherever the cable is visible, an ora
also visible. Orange marking-of enclosed conductors is optional.

bnds and accessiblelocations.

GREEN or the.colour YELLOW should not be used unless there is no possibility of confu
olour combination GREEN-AND-YELLOW.

Icts
vise
ses.
ded
nge

the
rals

bion

Pilo)
[ion

If colour-coding is used for identification of conductors, it is recommended that the listed colours be
applied as follows:

— BLACK: AC and DC power circuits;

Exception: low voltage conductors not enclosed: ORANGE, as required in this subclause 11.8.4.

— RED: AC control circuits;

— BLUE:

DC control circuits;

Exceptions: The following are permitted:

30

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=c7704091cc0008495820550fd06f7293

ISO 14990-1:2016(E)

insulation that is not available in the recommended colours; or

multi-conductor cable, but not the bicolour combination GREEN-AND-YELLOW.

11.9 Wiring inside enclosures
Conductors inside enclosures shall be supported where necessary.

Electrical equipment mounted inside enclosures should be arranged in such a way as to permit
modification of the wiring from the front of the enclosure. If that is not practicable and equipment

is connected from the rear of the enclosure, access doors or swing-out panels should be p

facilitate wiring service.

Con
con
and

NOT

Ter
bey|

Med

equiipment meets the respective IEC International Standards,

11.

11.

The
cab

11.

Apq
exc
con,

Ded
cab
pos

Flej
con
use
des

ductors in accordance with 11.2 and 11.5. Such conductors shall be secured totboth the

movable parts.
E The electrical connections or terminations are not considered to be meahs-of securement

minal blocks or plug/socket combinations shall be used to terminate control wiring th
pnd an enclosure.

suring equipment may be directly connected to the terminals of the devices, providg

10 Wiring outside enclosures

10.1General

degree of protection of an enclosure shallnot be reduced by penetrations such as ins
es or ducts and their associated glands,bushings, and the like.

1 0.2 External ducts

ropriate ducts as described.in 11.11 shall enclose conductors outside of electrical

finuous support.

icated cables of devjces such as sensing devices are not required to be enclosed in d
es are suitable for the purpose, as short as practicable, and located or protected so as to
Kibility of dantage.

ible connections to pendant pushbutton stations shall employ flexible conduit or fley
ductorcable. In general, means other than flexible conduit or flexible multi-conductor ca
H to support the weight of pendant stations. Only flexible conduit or flexible multi-cond

rovided to

nections to equipment mounted on doors or other movable parts shall be made’ using flexible

stationary

at extends

bd that the

fallation of

equipment

ppt for suitably protectedcables intended for installation unenclosed and with or withoult the use of

ucts if the
reduce the

ible multi-
ble shall be
lictor cable

gned to support the necessary weight shall be used without additional support.

11.10.3 Connection to moving elements of the EMM

Connections to frequently moving parts shall be made using conductors complying with 11.2 and 11.5.
Flexible cable and flexible conduit shall be installed so as to avoid excessive flexing and straining,
particularly at fittings.

Support shall be provided for cables subject to movement so that there is neither mechanical strain
on the connection points nor sharp flexing. If a cable loop is employed, it shall permit a cable bending
radius not less than 10 times the cable diameter.
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Flexible cables shall be installed or protected so as to minimize the likelihood of damage due to
situations such as the following:

contact with the EMM structure during movements;
feeding in and out of cable baskets or reels;
acceleration forces and wind forces on festooned or suspended cables;

excessive rubbing by cable collector;

re to excessive heat

€Xposl

The cable {
coolants, a

A space of
parts. If th
be provide

Flexible co
Flexible co
for that pu

heath shall be resistant to normal wear and environmental contaminants such as oil,;w?
hd abrasive dust.

at least 25 mm shall be maintained between cables subject to movement and\6ther moy
At distance is not practicable, fixed barriers between the cables and the moving parts s
d.

hduit located adjacent to moving parts shall not be damaged under all\conditions of operat
hduit shall not be used where rapid or frequent movements occur unless specifically inten|
Fpose.

The cable
cable whe

ndling system shall not induce lateral cable angles excéeding five degrees. Torsion in

a
{'being wound on and off cable reels and approaching and leaving cable guidance dev

shall be miphimised.

At least tw]

Flexible ca

b turns of a flexible cable shall always remain on@reel.

ble handling devices shall not cause excessiveé cable bending. The inner bending radius a

points shalll not be less than the following:

6 time

8 time

Exception
guide rolle

Exception
factors, su

The length
thickness.

5 a cable diameter (or thickness) up to 20 mm;

5 a cable diameter (or thickness)(greater than 20 mm.

's shall be subject to a bending radius not less than 8 times the cable diameter or thicknd

the cable manufacturer rates the cable to the application taking into account reley
h as the number times/hour the cable is flexed.

of a straightysection between two bends shall be at least 20 times the cable diamete

11.10.4Interconnection of devices on the EMM

Where pra

vided, terminals providing test points for EMM-mounted switching devices (e.g. posi

iter,

ring
hall

ion.
ded

the
ices

I all

cables of diameter or thiekness greater than 8 mm and up to 20 mm being fed through

SS.

rant

" Or

fion

sensors and pushbuttons) connected in series or in parallel shall be:

mount

ed so as to provide unobstructed access;

clearly identified to correspond with the documentation;
adequately insulated;

sufficiently spaced.

It is recommended that such intermediate test points be provided.
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11.10.5Plug/socket combinations
Plug/socket combinations shall satisfy one or more of the following, as applicable:

Exception: The requirements of a) - j) are not applicable to a component or device inside an enclosure
which is terminated by fixed plug/socket combination involving no flexible cable or to a component
connected by a plug/socket combination to a bus system. In accordance with 5.2, plug/socket
combinations inside of enclosures need not meet touch requirements of this subclause. In accordance
with 5.6, plug/socket combinations which are out of reach need not meet IP requirements of this
subclause.

a) [Plug/socket combinations correctly installed In accordance with €] shall prevent unjntentional
contact with live parts, including during insertion or removal of the plug. The degree of|protection
shall be at least IPXXB.

NOTE This requirement does not apply to PELV circuits per Clause 1.

b) |Have a first-make/last-break protective equipotential bonding contact (earthing contact{[or chassis
protective equipotential bonding contact in the case of self-powered machines]) if usefl in TN- or
TT-systems.

c) |Plug/socket combinations intended to be connected or disconneeted under load shall havie sufficient
load-breaking capacity. A plug/socket combination rated 30 A‘or greater shall be interlpcked with
a switching device such that the plug/socket combinatignycannot be connected or di$connected
unless the switching device is in the OFF position.

d) |If an unintended disconnection of a plug/socket combination can cause a hazardous siffuation, the
plug/socket combination shall be provided with<a retaining means. A plug/socket c¢mbination
rated more than 16 A shall have a retaining means to prevent unintended disconnection|

Installations of plug/socket combinations shall'satisfy the following, as applicable:

e) |The component which remains live after disconnection shall have a degree of protection of at least
[P2X or IPXXB.

NOTE This requirement does not apply to PELV circuits per Clause 1.

f) |Metallic housings of plug/socket combinations shall be bonded to the protective equipotential
bonding circuit.

NOTE This reqtiivement does not apply to PELV circuits per Clause 1.

g) |Plug/socket combinations intended to carry power loads and not to be disconnected junder load
shall be provided with a retaining means to prevent unintended disconnection and shalll be clearly
markedd«hat to indicate that they are not to be disconnected under load.

h) |If more than one plug/socket combination is provided in the same electrical equipment, the
associated combinations shall be clearly identified.

[t is recommended that mechanical coding be used to prevent incorrect insertion.

i) Plug/socket combinations used in control circuits shall satisfy the applicable requirements of
IEC 61984.

Exception: See item j).

j)  Plug/socket combinations intended for household and similar general-purposes shall not be used
for control circuits. For plug/socket combinations in accordance with IEC 60309-1, only those
contacts intended for control circuits shall be used for that purpose.

Exception: The requirements of item j) do not apply to control functions communicated via high
frequency signals on the power supply lines.
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11.10.6Dismantling for shipment

If it is necessary to disconnect wiring for shipment, terminals or plug/socket combinations shall be
provided for connections between sections of the EMM or its equipment. Such terminals shall be
enclosed, and plug/socket combinations shall be protected from the environment during transportation
and storage.

If other than plug-and-socket electrical connections need to be made in the field, or if field assembly
can result in damage to the low voltage electrical system, the verification tests of Clausel7 shall be
performed.

11.10.7Sp

If spare cd
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or modific:
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11.11.1Ge|

Ducts shall serve no purpose other than mechanical protection ‘6f conductors and shall provic
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to prevent contact with live parts.
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rotection appropriate for the application. Nonmetallig'ducts shall be permitted only if 4
rom a flame-retardant insulating material.

rable trays shall be rigidly supported and positioned away from moving parts and in su
as to minimize the possibility of damage or’wear. In areas where human presence is li}
Cable trays shall be mounted at least 2 m above the standing surface. However if ducts
are located below 2 m in height, then they shall be suitable in strength for guarding

s, burrs, rough surfaces, or threads which can be contacted by conductor insulation s

be removdg
additional

d from ducts and enclosure, metal which has been worked. Conductor insulation s
be protected where recessary by flame-retardant and, if appropriate, oil-resist

h a

ion should be given to providing additional conductors for purposes of maititenance, repair,

le a
hey
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ely,
and
per
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ant,

sleeving mpterial.

[ to
her
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Cable trunking systems, connection boxes, and other boxes used for wiring purposes subjec
accumulation of oil or moisture are permitted to have drain holes of up to 6 mm diameter. Of
means of drainage, suchyas tubes or labyrinths are acceptable, provided that the required IP ratin
maintained.

To minimize the €hance of confusion of conduits with piping, it is recommended that the conduit$ be
either phygically¢separated or suitably identified.

Cables laid'n
use of open cab

a armry-coverea canretrays o the
le trays or cable support means.

Partially covered cable trays should not be considered to be ducts or cable trunking systems.

The percentage fill of a duct should be based on the number and degree of bends of the duct, flexibility
of the conductors, and the number and size of current-carrying conductors relative to the duct size.

It is recommended that the dimensions and arrangement of the ducts be such as to facilitate the
insertion of the conductors and cables. Consideration should be given to limiting the number of bends
in a duct run to a total of 360 degrees.
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11.11.2Rigid metal conduit and fittings

Rigid metal conduit and fittings shall be of galvanized steel or of a corrosion-resistant material suitable
for the conditions.

Contact of dissimilar metals which can result in galvanic action should be avoided.

Conduits shall be securely held in place, including at each end regardless of whether coupled or entering
a box or panel.

Fittings shall be compatible with the conduit, appropriate for the application, and threaded, unless

d e 1 4=l 1
esfgmea to oe tITreaailcss:

Conduit bends shall not result in damage to the conduit or significant reduction of internal diameter.

A maximum of 360 degrees of bends should be placed between any two pull-points'oriinsertjon points.

11.11.3Flexible metal conduit and fittings

Flexible metal conduit shall be formed from flexible metal tubing or woven wire and shall pe suitable
for the application. Fittings shall be compatible with the conduit and dppropriate for the application.

11.11.4Flexible nonmetallic conduit and fittings

Flexible non-metallic conduit shall resist kinking and shall bedsuitable for use in the applicatipn. Fittings
sha|l be compatible with the conduit and appropriate for.the application.

11.11.5Cable trunking systems

Cablle trunking systems outside of enclosures shall be rigidly supported and located away frpm moving
or gontaminating areas of the EMM.

If a pable trunking system is furnished in‘sections, the sections shall fit together tightly. GasKets are not
reqpired.

Covrs shall overlap the sides; gaskets are permitted. Covers shall be securely attached to cable trunking
systems. Horizontal cable tryniking systems shall not be installed with the cover on the botfom unless
sperifically designed for such orientation.

NOTE Requirement§-for cable trunking and ducting systems are given in the IEC 61084-1.

A cgble trunking system shall contain no openings except those required for wiring or draipage. Cable
trunking systemsshall not have unused (open) knockouts.

11.11.6 EMM compartments and cable trunking systems

Compartments or cable trunking systems within the chassis of an EMM are permitted|to enclose
conHﬁh—hﬂ_#L—W_]ﬂuc OTS, provided the compar tients or cable trunking Systems are separated (rom liquid reservoirs

and are completely enclosed.

11.11.7Boxes

Boxes for connection or wiring shall be accessible for service. The boxes shall provide ingress protection,
taking into account the external influences under which the EMM is intended to operate. Boxes shall not
have unused (open) knockouts nor any other openings.

11.11.8Motor wiring boxes

Motor wiring boxes shall provide proper non-conductive barriers or sufficient spacing and insulation of
terminals between the motor terminals and any other connections or devices within the box.
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12 Electric motors and generators

12.1 General

As many controllers do not fully disconnect the power source from a motor when itis atrest, care shall be
taken to ensure conformance with the requirements of 10.1.2, 10.1.3, 10.2, 12.4, and recommendations

of 14.4.

Electric motors and generators should conform as much as practicable to the relevant parts of the
IEC 60034 series.

12.2 Encllosures

The degrec¢

shall be co
NOTE ]

Electric mg
IEC 60034

12.3 DiT
Electric m¢tor and generator dimensions should conform as much as practicable to the relevant p

of the IEC ¢

12.4 Mou

A motor o
remains w

q

J

NOTE

The mount
wiring box

A motor o}
they are ac
and replac

Motor or ¢
acceptable

Where pra

of protection for all motors and generators shall be at least IP23. More stringent.measures

nsidered based upon applications where, for example, dust or moisture is present.
'he uninstalled motor need not comply with any IP rating.

tor and generator enclosures should conform as much as practicablé to the relevant part
5.

nsions

0072 series.

nting and compartments

- generator shall be so mounted that proper cooling is ensured and the temperature
thin the limits of the insulation class.

hort excursions above the insulation.class rating are allowed by the IEC 60034 motor standards

ing arrangement for a motor or-generator shall be such that all hold-down means anc
es are accessible.

generator and its assdciated power transmission components should be installed so
lequately protected and are reasonably accessible for inspection, maintenance, lubricat
bment.

renerator coeling vents shall be such that ingress of dirt, dust, or water spray is at
level.

Cticable;compartments in which motors or generators are installed should be clean and

s of

hrts

rise

all

that
ion,

an

requirements.

12.5 Criteria for motor selection or design

Motors and associated equipment shall be selected or designed taking into account the anticipated
service and environmental conditions. Concerns that shall be considered include the following:

type of motor;

duty cycle;

ventilation);

36

fixed speed or variable speed operation, (and for air-cooled motors the consequent variable
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mechanical vibration;

type of motor control;

influence of the waveform of the voltage or current feeding the motor on the temperature rise,

particularly when it is supplied from an electronic adjustable speed drive;
variation of counter-torque load with time and speed, including overhauling loads;

effects of loads with large inertia;

effects of constant 'rnrqnp or constant pawer nppr;l'rirm'

possible need of inductive reactors between a motor and an electronic adjustable speed

6 Overheating protection

Ovgrheating protection shall be provided for motors or generators rated moré-than 0,5 kW.

Exgeption: If automatic shutdown of a motor or generator is unacceptable, the means of o

det
ope

Pro

ection shall warn the operator, e.g. to prevent a hazard. An ovefheating motor may (
rate, to ensure a machine braking system stays active.

tection of motors against overheating can be achieved by methods such as overload

impedance protection, over-temperature protection, or currént’limiting protection. It is rec

tha

12,

Pro

protection against overheating comply with IEC 60034-11.

7 Overspeed protection

tection shall be provided against excessive-motor or generator speed if it can cause a

situation.

13

13.
Ifa

Non-motor loads

1 Accessories

1 EMM is provided witH socket-outlets intended to be used for accessory equipment (e.g

power tools or test equipment), the following apply:

Soc

unless the source)is PELV, continuity of the protective equipotential bonding circuit to
outlet shall beensured;

all unearthed (or non-chassis-referenced in the case of self-powered machines)

overcurrent protection shall be separate from that of other circuits.

drive.

verheating
ontinue to

protection,
bmmended

hazardous

hand-held

the socket-

ronductors

connected to the socket-outlet shall be protected against overcurrent in accordance with 9.2. The
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ly marked

with voltage and current ratings.

Circuits for socket-outlets may be provided with residual current protective devices (RCDs). RCDs are
required in some countries.

It is recommended that socket-outlet circuits not disconnected by the source disconnecting device for

the

©IS

EMM or the section of the EMM be provided with dedicated disconnecting devices.
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13.2 Local lighting

13.2.1 General

These requirements do not apply to lighting operating at extra-low voltage (generally not more than
50 V AC nominal line-to-line or line-to-earth/chassis).

See 5.10.2.2 for requirements for connection to the protective equipotential bonding circuit.

An ON/OFF switch shall not be incorporated in a lampholder or in a connecting cord.

Lighting sh

If fixed lig
account.

13.2.2 So
The nomin
Lighting ci

a dedi
with o

a dedi
with o
mainte

an EM

an isol
witha
withinl

Exception
operation.

13.2.3 Pr

Unearthed
supplying |

13.2.4 Fittings

Lampholdsg

all be of a type that does not produce stroboscopic effects.

hting is provided within an enclosure, electromagnetic compatibility should be taken

irce
nl line-to-line voltage of the local lighting circuit shall not exceed 480-V.
Fcuits shall be supplied from one of the following sources:

Cated isolating transformer connected to the load side of the source disconnecting dev
vercurrent protection provided in the secondary circuit;

Cated isolating transformer connected to the line sidevof the source disconnecting dey
vercurrent protection provided in the secondary cireuit. That source is permitted only
nance lighting circuits in control enclosures;

M circuit with dedicated overcurrent protection;

ating transformer connected to the lineyside of the source disconnecting device, provi
dedicated primary disconnecting means’and secondary overcurrent protection, and mour
a control enclosure adjacent to thesource disconnecting device.

This Subclause does not apply. if fixed lighting is out of reach of operators during norj

btection

(or non-chassiszbonded in the case of self-powered machines) conductors of circ
ighting shall be protected by OCP separate from that protecting other circuits.

rs shdll comply with the relevant IEC International Standard and shall be constructed ¥

nto

ice,

ice,
for

ded
ted

mal

Lits

vith

an insulati

hgmaterial protecting the lamp cap so as to prevent unintentional contact.

A reflector

Adjustable

shall be supported by a bracket and not by a lampholder.

lighting fittings shall be suitable for the application environment.

Exception: This subclause does not apply if fixed lighting is out of reach of operators during normal

operation.
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14 Controls

14.1 Control circuits

Per the scope, these requirements do not apply to control circuits operating at extra-low voltage
(generally not more than 50 V AC nominal line-to-line or line-to-earth/chassis), e.g. 12/24 V DC
alternator/battery systems.

14.1.1 Control circuit voltages

For[high-voltage equipment, a control circuit connected directly to high voltage circui}s shall be
eledtrically isolated from low voltage circuits by means such as optical or isolation ‘ttansformer
coupling.

14.1.2 Protection

OCR as specified in 9.2.1 shall be provided for control circuit conductoys \¢onnected dirgctly to the
soufce and those supplying control circuit transformers.

OCR shall be provided for conductors of control circuits supplied by:.a‘control circuit transformer or DC
soufce as follows:

— |for the switched conductor in control circuits connected\to the protective equipotential bonding
circuit;

— |in control circuits not connected to the protective.equipotential bonding circuit,

1) [for the switched conductor if the same cross sectional area conductors are used in|all control
circuits, and

2) |for both switched and common conductors of each sub-circuit if different cross sectlonal areas
conductors are used in different sub4circuits.

14.2 Control functions

Control functions should be according to ISO 20474-1, except as specifically modified in this|Clause 14.
14.3 Protective interlocks

14.B.1 Reclosing.or resetting of an interlocking safeguard
Reclosing orresetting of an interlocking safeguard shall not initiate hazardous EMM operation.

NOTE Requirements for interlocking guards with a start function (control guards) are given in [SO 12100.

Provisions concerning exceeding of operating limits, operation of auxiliary functions, interlocks
between different operations and for contrary motions, and reverse current braking should be
according to ISO 20474-1.

14.4 Control functions in the event of failure

These provisions (e.g. prevention of EMM movement due to control system failure) should be according
to ISO 20474-1. Consideration should also be given to the provisions of ISO 13849.
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14.4.1 General

Appropriate measures shall be taken to minimize the probability of occurrence of failures or
disturbances in the electrical equipment that can cause a hazardous situation or damage to the EMM.
The level of risk associated with the respective application shall determine the required measures and
the extent to which they are implemented, either individually or in combination.

Exception: Provisions related to functional safety with respect to EMM movement after a control
system failure should be according to ISO 20474-1.

Electrical control circuits shall have an appropriate level of safety performance that has been
determinefl Trom the risk assessment of the EMM. The provisions of ISO 20474-T should be applied.

Measures fo reduce control failure risks include the following:
— protective devices fitted on the EMM;

— protective interlocking of the electrical circuit;

— use of proven circuit techniques and components;

— provisjon of partial or complete redundancy or diversity;
— provisjon for functional tests.

If memory fetention requires external power, such as battery powerimeasures shall be taken to preyent
hazardous|situations arising from failure of the battery or its removal. Means such as the use of a key,
access code, or tool shall be provided to prevent unauthorized,or inadvertent memory alteration.

14.4.2 Measures to minimize risk in the event of failure

14.4.2.1 Use of proven circuit techniques and components

Risk in the|event of failure shall be minimized by the use of proven techniques and components, such as
the followihg:

— functignal equipotential bonding af'control circuits to the protective equipotential bonding cirquit;

=

— for externally-powered machines, connection of control devices in accordance with ISO 14990-

— stoppihg by de-energizing{for emergency switching-off functionality see 14.5.8);

— switchling all control'circuit conductors to the device being controlled;
— use of pwitching-devices with direct opening action (see IEC 60947-5-1);

— circuifldesign-to reduce the likelihood of failures causing undesirable operations.

14.4.2.2 Provistonsof partial or compiete redundancy

If off-line redundancy which is not active during normal operation is provided, acceptable provisions to
ensure availability of those control circuits when required shall be made.

By providing partial or complete redundancy, it is possible to minimize the probability that a single
failure in the electrical circuit results in a hazardous situation. Redundancy may be designed to be
effective in normal operation (online redundancy) or designed as special circuits that take over the
protective function only if the operating function fails (off-line redundancy).

14.4.2.3 Provision of diversity

Diversity can be achieved through use of control circuits having different principles of operation, or use
of different types of components or devices (e.g. a combination of normally open and normally closed
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contacts associated with interlocking guards) to reduce the likelihood of hazards resulting from faults
or failures.

A combination of electrical and non-electrical systems (e.g. mechanical, hydraulic, pneumatic) may be

use

d to provide redundancy and diversity.

14.4.2.4 Provision for functional tests

Functional tests may be carried out by any combination of

14.
ma

14.

Ear
uni

Met
Met

1y

2)

Met

automatic tests by the control system, and

manual inspection or tests at start-up and at predetermined intervals.

1.3 Protection against malfunction due to earth (or chassis in the case of self-powe
Chines) faults, voltage interruptions and loss of continuity

1.3.1 Earth (or chassis in the case of self-powered machines) faults

th (or chassis in the case of self-powered machines) faults on any)control circuit shal
htentional starting, potentially hazardous motions, or prevent stopping of the machine.

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

hod a) — Control circuits fed by control transformers

(“Supply” means the control transformer secondary.) All contacts, including solid state
inserted between one side of the controlcircuit supply (the switched conductor) and one

directly to the common conductor.f the control circuit supply without any switching el

the devices, provided that
— the circuit is interrtupted automatically in the event of an earth fault, or

— the connectiefris very short (for example in the same enclosure) so that an earth (o
the case of Self-powered machines) fault is unlikely (e.g. overload relays).

Control cixcuits fed from a control transformer and not connected to the protectiy
circuit Having the same arrangement as in 1), but provided with a device that interrupts
autoniatically in the event of an earth (or chassis in the case of self-powered machines) f

hod'b) — Control circuit fed from a control transformer with a centre-tapped wi

intended to operate an electromagnetic orother device (for example, a relay or indicatg

device. The other terminal of the device (preferably always having the same marking) ig

red

not cause

For earthed (or chassis-referenced in the case of(self-powered machines) control circulfit supplies,
the common conductor is connected to the protective bonding circuit at the point]

of supply.
which are
r light) are
terminal of
connected
bments.

Exception: Contacts of protective devices may be connected between the common conductor and

- chassis in

e bonding
the circuit
qult.

nding, the

cen

(T tap Deing Conmnected to the protective bomding Tircuit, With thie OVETrCTurTernt protec

ive device

having switching elements in all control circuit supply conductors. (“Supply” means the control
transformer secondary.)

NOTE

On a centre-tapped earthed control circuit, the presence of one earth (or chassis in the

case of self-

powered machines) fault can leave 50 % voltage on a relay coil. In this condition, a relay can hold on, resulting in
inability to stop a machine.

Dev

ices may be switched on either or both sides.

Method c) — Control circuit not fed from a control transformer but either directly connected

1) between the phase conductors of an earthed (or chassis-referenced in the case of self-powered

machines) supply, or
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2) between the phase conductors or between a phase conductor and a neutral conductor of a supply
that is not earthed or is earthed (or chassis-referenced in the case of self-powered machines)
through a high impedance.

Multi-pole control switches that switch all live conductors are used for START or STOP 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 (or chassis in the case of self-powered machines) fault.

14.4.3.2 Voltage interruptions

If a contro
power faily

14.4.3.3 1

If a safety-related control circuit depends upon sliding contacts, and loss of continuity can result
hazardous|situation, provision shall be made to address the possibility of loss of centinuity, such a
duplicatior of sliding contacts.

14.5 Operator interface and machine-mounted control devices

14.5.1 Geperal

14.5.1.1 (eneral

Operator interface and machine-mounted control devicesshould be according to ISO 20474-1,1SO 6
and ISO 6682.

14.5.1.2 Location and mounting

Location and mounting requirements should be according to ISO 20474-1 and IEC 60204-1:2005, 10
14.5.1.3 Rrotection

The degreg of protection of an_enelosure, together with other appropriate measures, shall proy

protection
operating ¢

Operator i
of IPXXD.

14.5.1.4 K

system uses memory, provision shall be made to prevent loss of memory in the ever
re. Examples of such provision are use of non-volatile memory and battery backups

oss of circuit continuity

against the ingress\of aggressive liquids, vapours, gases or contaminants found in
bnvironment or used’on the EMM.

hterface control devices shall have a minimum degree of protection against direct con

ortable and pendant control stations

Portable aldpen

14.5.2 Pu

t of

in a
5 by

D11,

2.

ride
the

fact

sh-buttons

14.5.2.1 Colours

Colours of push-buttons shall be according to IEC 60204-1:2005, 10.2.1.

14.5.2.2 Markings

Marking requirements should be according to ISO 6405-1 and [SO 6405-2.
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14.5.3 Indicator lights and displays
Indicator light and display requirements should be according to [SO 20474-1 and IEC 60204-1:2005, 10.3

14.5.4 Illuminated push-buttons

[lluminated push-button requirements should be according to IEC 60204-1:2005, 10.4.

14.5.5 Rotary control devices

De‘ l1ces havlng 2 rotational mnmhnr’ such ag pnfﬂnfu\mnfnra and selector cunfnhac’ shall 'lot re]y on

friction alone to prevent rotation of the stationary member.

14.5.6 Start devices

Start device requirements should be according to ISO 20474-1 and ISO 10968,

14.5.7 Emergency stop devices

Emergency stop device requirements should be according to ISO 20474-1, ISO 13850, and |EC 60204-
1:2005, 10.7

Emergency stop devices shall be located at each operator cortrol station and at other locatjons where
thelinitiation of an emergency stop is required.

14.5.8 Emergency switching off devices

Emergency switching off device requirements should be according to IEC 60204-1:2005, 10.8.

14.5.9 Enabling control devices

Engbling control device requirements should be according to ISO 20474-1 and IEC 60204-1:4005, 10.9.
14.6 Controlgear: location, mounting, and enclosures

14.6.1 General

Corjtrolgear shall be lo€ated and mounted so as to facilitate accessibility, protection againgt external
inflpences or conditions, and operation and maintenance.

Excgeption: This‘and the following requirements apply unless the location relative to acces$ibility and
maintenanceé is'not achievable due to the geometry or size of the EMM.

14.6.2""Location and mounting

14.6.2.1 Accessibility and maintenance
Controlgear shall be identifiable without moving devices or wiring.

If controlgear items require checking for correct operation or might need replacement, those actions
should be possible without disassembling other equipment or parts of the EMM (except opening doors
or removing covers, barriers or obstacles).

Controlgear shall be mounted so as to permit its operation and maintenance from the front. If a special
tool is necessary to adjust, maintain, or remove a device, such a tool shall be supplied.

Only devices for operating, indicating, measuring, and cooling shall be mounted on doors or on normally
removable access covers of enclosures. If control devices are connected through plug-in arrangements,
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their association shall be made clear by type (shape), marking, or reference designation, individually or
in combination.

Plug-in devices that are handled during normal operation shall be provided with non-interchangeable
features if the lack of such a feature can result in malfunction.

Plug/socket combinations that are handled during normal operation shall be located so as to provide
unobstructed access.

14.6.2.2 Physical separation or grouping

14.6.2.2.1
not be loca]

14.6.2.2.2
in a separa

14.6.2.2.3
both sourc
voltage.

14.6.2.2.4
other contj

14.6.2.2.5

14.6.2.2.6
maintained

14.6.2.2.7
contain loy
high-voltag
clearly ma
low-voltag

14.6.3 De

The protec
the operati

NOTE1 1§

ked within enclosures containing controlgear.

Non-electrical parts and devices not directly associated with the electrical equipment’s

Devices such as solenoid valves should be separated from the other electrical @quipment
fe compartment).

Control devices mounted in the same location and supplied by eithér the source voltag
e and control voltages, shall be grouped separately from those supplied only by the con

Terminals shall be separated into groups for power circuits) associated control circuits,
ol circuits fed from external sources (e.g. for interlocking):

Clearances and creepage distances specified by the supplier for control devices shal
in their location (including interconnections).

For high-voltage equipment, an,enclosure containing high-voltage equipment shall
V-voltage equipment or non-electrical parts except where they form an integral part of
e equipment and are essential for its correct operation. High-voltage equipment shal

e equipment shall be metal-enclosed and capable of withstanding an internal arc-fault.

grees of protection

tion of contrelgear against ingress of solids and liquids shall be adequate taking into accc
ng envirohment.

Requiréments for protection against electric shock are given in Clause 5.

The degre

The control groups may be mounted adjacently if@ach group is readily identifiable (e.g.
markings, by use of different sizes, or by use of barriers or by colours).

hall

e.g.

b Or
trol

and

be

not
the
be

'ked and distinguishable from low-voltage equipment. High voltage switchgear adjacent to

unt

ps -af protection ngninqt ingrpqq of water are covered by IEC 60529 Additional protec

ive

measures against other liquids can be necessary.

Enclosures

of controlgear shall provide a degree of protection of at least IP22.

Exception 1: an electrical operating area used as a protective enclosure for an appropriate degree of

protection

against the ingress of solid bodies and liquids.

Exception 2: removable collectors on conductor wire or conductor bar systems where P22 is not
achieved, but the measures of 5.5 are applied.

Some examples of enclosures, along with the degree of protection typically provided, are

— ventilated enclosure, containing only motor starter resistor and other large-size equipment [P10,
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ventilated enclosure, containing other equipment IP32,

enclosure used in general industry IP32, IP43 and 1P54,

enclosure used in locations that are cleaned with low-pressure water jets (hosing) IP55,
enclosure providing protection against fine dust IP65,

enclosure containing slip-ring assemblies IP2X.

The actual operating environment may require a different degree of protection.

Endlosures having provisions for resistor grid air-cooling shall be protected to IP XXB.

14.6.4 Enclosures, doors, and openings

Ma
as v

Wir
wit
lessd

Thd

agg
of p

erials of enclosures shall be capable of withstanding the mechanical, electrical, and thern
Uell as the humidity and other environmental factors likely to be encountered in normal

dows provided for viewing internally mounted indicating devices shall be of a material
hstand mechanical stress and chemical attack (e.g. toughened glass-or polycarbonate s
than 3 mm thickness).

joints or gaskets of doors, lids, covers and enclosures shalkkwithstand the chemical ef
ressive liquids, vapours, or gases used on the EMM. The mieans provided to maintain
rotection of an enclosure on doors, lids and covers that require opening or removal fo

or fnaintenance shall be securely attached to either the door/cover or the enclosure an

det
pro

Fas

Itis
of o

If o
pro
be ¢
tha

An

coo
Exc
coo

If m
pro

briorate due to removal or replacement of the door or the cover, and so impair the
fection.

feners used to secure doors and covers should be of the captive type.

recommended that enclosure doors bénot wider than 0,9 m and have vertical hinges, wi
pening of at least 95°.

penings are provided, including*toward the floor or other parts of the EMM, means sh

vided to ensure the degree of protection specified for the equipment. Openings for cable e
asily able to be reopened(on=site. A suitable opening may be provided in the base of an e
condensation can draih dway.

enclosure containing electrical equipment shall have no opening to compartments
ant, lubricating“or hydraulic fluids, or those into which oil, other liquids or dust can
uded from thiswrequirement are electrical devices specifically designed to operate in oil
ed electricallequipment.

ounting-holes are provided in an enclosure, after mounting the holes shall not impair th
fection.

al stresses
ervice.

suitable to
heet of not

ects of the
the degree
" operation
1 shall not
degree of

kh an angle

all also be
htries shall
hclosure so

containing
penetrate.
and liquid-

e required

Tak

J - Pk | +1 1 A | 1 P +1 : + 1 . 111
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be located within an enclosure capable of withstanding, without risk of fire or hazardo
such temperatures as might be generated, and

us damage,

— belocated at a sufficient distance from adjacent equipment or devices so as to allow safe dissipation

of heat, or

— Dbe otherwise shielded by material that can withstand, without risk of fire or hazardous damage, the

heat produced by the equipment or device.

A warning label in accordance with 16.2.2 may be necessary.
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14.6.5 Access to controlgear

14.6.5.1 Total access system

The total access system shall comply with ISO 2867.

14.6.5.2 Other access openings

Access openings other than other than those addressed in ISO 2867 shall comply with ISO 2860.

14.6.5.3

oors for access

Doors in gangways and for access to electrical operating areas shall

— open
— havea
Enclosures
e.g. panic k
requireme

In cases wl
width shal
clear widt}

NOTE ’

14..7 Accéd

Provisions

15 Manuy

15.1 Gen

Provisions
electrical 6

NOTE

15.2 Info

comply with the maintenance opening dimensions given in ISO 2867:2011, Table 1,

twards, and
means (e.g. panic bolts) to allow opening from the inside without theuse of a key or tool

which readily allow a person to fully enter shall be provided with means to allow esc

hts found in ISO 2867:2011, Clause 11 for a primary opening.

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

'hese dimensions are derived from ISO 14122.

ss to low and high-voltage equipment

for access should be according to ISO20474-1 and ISO 2867.
als and technical documentation

bral

concerning the information necessary for the installation, operation and maintenance of
quipment of afh EMM should be according to ISO 20474-1, unless specified in this Clause

IIn some countries, the use of one or more specific languages is required.

rmation to be provided

hpe,

olts on the inside of doors. Enclosures intended for such access shall meet the dimensi¢nal

ear
the

the
[ 5.

The inforn

atiomr provided wittrtheetectricatequipment strattinctude the foltowing:

1) a description (including interconnection diagrams) of the safeguards, interlocking functions and

interlo

2)

cking of guards against hazards;

the safeguarding (e.g. for adjustments or maintenance);

3)
any pa

rticular training is required, and the specification of any necessary PPE.

15.3 Documentation

a description of the safeguarding and of the means provided and procedures needed for disabling

information on residual risks associated with the protection measures, an indication of whether

Requirements applicable to all documentation should be in accordance with IEC 60204-1:2005, 17.3.
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Documentation on electrical system shall be sufficient for production of an EMM, including assembly,
production testing and verification.

NOTE Attention is directed to IEC 60204-1: 2005, 17.4, for installation, including commissioning.

15.4 Overview diagrams and function diagrams
If it is necessary to explain the principles of operation, an overview diagram shall be provided.

NOTE1 An overview diagram presents the electrical equipment symbolically together with its functional
interrelationships without necessarily showing all of the details.

NOTE 2  Examples of overview diagrams can be found in [EC 61082-1.
Furjction diagrams may be provided either as part of, or in addition to, the overview diagram.

NOTE 3  Examples of function diagrams can be found in IEC 61082-1.

15.5 Circuit diagrams

Cirquit diagrams showing the electrical circuits of the EMM and “its’ electrical equipmept shall be
proyided.

If a|graphical symbol not shown in IEC 60617-DB is used, it §hall be separately shown and described
on the diagrams or supporting documents. The symbols andidentification of components gnd devices
shall be consistent throughout all documents and on the EMM.

Corlductors shall be identified in accordance with 118¢
If appropriate, a diagram or table showing the termiinals for interface connections shall be provided.
That diagram may be combined with the cireuit diagrams for simplification.
The diagram or table should contain a reference to the detailed circuit diagram of each unit ghown.

Cirquit diagrams shall be arranged so’as to clearly indicate circuit functions and facilitate mpintenance
and| fault diagnosis. Device information not evident from a symbolic representation shall e included
adjgcent to the symbol on a diagram or provided in a footnote.

Swiltch symbols on electfomechanical diagrams shall indicate the switch positions for all eldctrical and
meg¢hanical supplies turhed off and with the EMM and its electrical equipment ready for a ndrmal start.

15.6 Operator’s-manual

Gerleral documentation requirements should be according to ISO 20474-1.

The operator’s manual shall instruct the operator as to EMM limitations at altitudes gijeater than
1 000Im.

The operator’s manual shall specify locations on the EMM which cannot be cleaned with jets of water.

The technical documentation of EMM shall include procedures for use of the electrical equipment with
particular attention to the electricity-related safety measures. Appropriate education schemes for
operators shall be suggested.

15.7 Maintenance manual and service literature

15.7.1 General

General requirements for literature for maintenance or service should be according to ISO 20474-1.
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Maintenance manual and service literature shall account for education level of maintenance personnel
with respect to electricity and electrical safety.

15.7.2 Reduction of electrical hazards while servicing
Literature for maintenance or service shall include the following:

— instructions addressing service personnel as to the wearing of proper electrical PPE to reduce the
likelihood of accidental contact and to reduce the effects of arc flash and arc blast;

— amethod for verification that the residual voltage measuring device is functioning correctly;

— amethod for verification of discharge of residual voltages prior to servicing;

— a procedure for manual discharge of residual voltages in the event of failure of the primary pnd
secondary automatic discharge means. If a device is required for manual discharge of residual
voltages, the device shall be provided or specified by the EMM manufacturer;

— specification of the practices and procedures for “Lock-Out/Tag-Out”, necessary to disable|the
specific equipment and to prevent the release of potentially hazardous energy while maintengdnce
and sefvicing are performed;

— infornjation to address the hazards of electric shock, arc flash, and ‘arc blast in accordance with
15.7.2.1l to 15.7.2.3;

— specification of locations on the EMM which cannot be cleanéd.with jets of water;

— instrug¢tions addressing machine operators and service€ personnel in properly handling th¢ IT
systen}, considering that the “first fault” can be triggered during routine maintenance.

15.7.2.1 Description of effects of electricity on the human body
The literatire for maintenance or service shallstate the following warning or equivalent:

“Diredt contact with electricity can_cause injury or death. Observe all safety precautipons
provided in this manual while servicing this machine.”

15.7.2.2 Medical training recommendation
The literatire for maintenange-or service should state the following or equivalent:

“The phost severe physiological effect of current flowing through the body is the effect it [can
have aqn the heart«For this reason service personnel should be trained in first aid including
cardiopulmonary fesuscitation (CPR) and the use of an automatic external defibrillator (AED).”

15.7.2.3 Resource material

For hazardsassoctated with Servicing efectrical equipment the manufacturer snoutd consuit, among
others, References [46], [47], [49], [50], [66], [84], [85], [86] and[87], as well as IEC 60364-4-41.

15.8 Parts list
If a parts list is provided, it shall, as a minimum, contain information necessary for ordering spare

or replacement parts, including components, devices, software, test equipment, and technical
documentation required for maintenance or service.
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16 Marking

16.1 General

Warning signs, nameplates, markings, and identification plates shall be of sufficient durability to
withstand the operating environment.

For graphical symbols, see ISO 7000, for safety signs ISO 7010, and for safety labels ISO 9244.

Exception: Push-button marking shall be according to 14.5.2.2.

16.2 Warning signs

For|general hazards associated with EMM, safety signs shall be in accordance with ISO[ 9244. For
hazprds directly associated with the low voltage used on the EMM, warning signs shall additionally
conjply with this Clause 16.

NOTE Conformance with ISO 9244 requires that a machine safety label include at least two pgnels. When

onlyf two panels are used, typically one panel warns of a specific hazard andthe other panel indidates how to
avold the hazard. An example of a two-panel label is given in 16.2.2.

16.2.1 Electric shock hazard

Endlosures that do not clearly show that they contain electrical equipment that can give rise|to a risk of
eledtric shock shall be marked with the safety sign 1ISO 7010-W0124).

Thg warning sign shall be plainly visible on the enclosute door or cover.
Thg warning sign may be omitted for:

— |an enclosure equipped with a source disconnecting device;

— |an operator-EMM interface or controlstation;

— |a single device with its own enclesure (e.g. a position sensor).

16.2.2 Hot surfaces hazard

If the risk assessment indicates a need to warn against the possibility of hazards due to h¢t surfaces,
thejappropriate graphical symbol of ISO 9244 shall be used.

NOTE 1SO 924412008, Figure C.16 provides an example of a full safety label. This label includes|two panels:

onepanel presents-ithe hot surface warning, and the other panel presents an example of avoidance (mpintaining a
distpnce away from a hot surface).

16.2.3 " Magnetic field hazard

If the risk assessment indicates a need to warn against the possibility of hazards due to magnetic fields,
the warning sign ISO 7010-W006>) shall be used. If magnetic fields are likely to be of such a nature as to
include the possibility of hazards to users of pacemakers, that hazard shall be warned against.

16.2.4 Arc flash hazard

If the risk assessment indicates a need to warn against the possibility of exposure to hazardous arc
flash, the appropriate graphical symbol of ISO 9244 shall be used in warning markings on electrical
equipment such as switchgear, panelboards, control panels, and motor control centers that are likely to
require examination, adjustment, servicing, or maintenance while energized.

4) ISO Online browsing platform: available at http://www.iso.org/obp. Search using W012.

5) ISO Online browsing platform: available at http://www.iso.org/obp. Search using W006.
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A marking shall be prominently displayed on the outside of the enclosure housing a possible arc source.
The marking shall state the available incident energy or required level of PPE.

16.2.5 Residual voltage hazard

A prominent warning marking shall be provided to warn service persons to allow time for the discharge

of residual

voltages, in accordance with 15.7.2.

16.3 Functional identification
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e) voltage test at the greater of rated voltage or 1000 V;

f) protection against residual voltage;

g) functional tests.

It is recommended that the tests be performed in the sequence listed above.
If the electrical equipment is modified, 17.8 shall apply.

The tests shall be carried out using measuring equipment that complies with relevant IEC International
Standards Measuring equipment rnmp]i;m‘r with the IEC 61557 series shall be nised for the tests of 17.3

and| 17.4.

The results of verification inspections and tests shall be documented.

17.2 Protective equipotential bonding circuit continuity

The test presented in this subclause shall be carried out on each protective equipotentipl bonding
cirduit of an EMM.

The resistance of each protective equipotential bonding circuit bétween the PE terminal jand points
that are part of each protective equipotential bonding circuit shall bé measured with a currept between
0,2 A and approximately 10 A.

The test current shall be derived from an isolated sourcey(e.g. SELV, see IEC 60364-4-41:2p05, 413.1)
havjing a maximum no-load voltage of 24 V AC or DC.

Use| of a PELV source is not recommended for this*test because such supplies can produce misleading
tesf results.

Thg measured resistance shall be within a range corresponding to the length, cross-sectiondl area, and
material of the protective equipotential bonding conductor(s) tested.

NOTE Use of larger currents increases the accuracy of this test, in particular when megsuring low
resiptance values.

17.3 Conditions for protection by automatic disconnection of source

If drotection against indirect contact is provided by automatic disconnection, the conditions for
autpmatic disconnection of supply shall be verified.

Duiling verification, measures shall be undertaken to avoid machine hazards and machine-specific
eledtricity-related hazards, such as burning and chemical hazards.

The verification shall be performed with safety precautions and shall not be destructive to the machine
and|its‘eléctrical equipment.

NOTE For verification of automatic disconnection of source in 11, IN and IT earthing systems, attention is
directed to IEC 60364-6.

17.3.1 General

If protection against indirect contact is provided by automatic disconnection, the conditions for
automatic disconnection of source shall be verified.

NOTE The verification for TN systems is specified in 17.3.2. For additional information and for TT and IT
systems, see [EC 60364-6.
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17.3.2 Faultloop impedance verification and suitability of the associated overcurrent protective
device in TN systems

This test verifies the conditions for protection by automatic disconnection of the source. When this test
is carried out by measurement, it shall always be preceded by the test of 17.2.

NOTE1 Adiscontinuity of the protective equipotential bonding circuit can cause a hazardous situation for the
tester or other persons, or damage to the electrical equipment during the loop impedance test.

Power source connections and connection of the incoming external protective conductor to the PE
terminal of the EMM, shall be verified by inspection.

The conditjons for the protection by automatic disconnection of source as specified in Annex B shall be

verified by|both of the following:
1) verificption of the fault loop impedance by
— calculation, or
— measurement in accordance with B.3;
2) verificption that the setting and characteristics of the associated overcurrent protective deyice
comply with the requirements of Annex B.
NOTE 2  Afaultloop impedance measurement can be carried out for circuitswhere the conditions of protedtion
by automatjc disconnection requires a current I; up to about 1 kA (I;'4s the current causing the autonjatic

operation of the disconnecting device within the time specified in AnnexB).

17.4 Insudlation resistance tests
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source (phase-to-neutral) voltage.

17.4.1 Lopw-voltage insulation resistance test

tion resistance measured’/at 500 V DC between the power circuit conductors and [the
equipotential bonding.circuit shall be not less than 1 M. The test may be made on indiviqlual
the electrical equipment of the EMM.
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sections of

Exception
equipment
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not less th
less. Individual sections of the complete high-voltage equipment may be tested separately.

Exception: By agreement with the equipment manufacturer, a lower minimum value is permitted for
certain parts of high-voltage equipment incorporating busbars, conductor wire, conductor bar systems
or slip-ring assemblies.

17.5 Voltage withstand tests

The test voltage shall be at a nominal frequency of 50 Hz or 60 Hz. Alternatively, the test may be
performed with DC voltage having a value equal to the peak value of the specified AC voltage. Testing in
both DC polarities is optional.

52 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=c7704091cc0008495820550fd06f7293

ISO 14990-1:2016(E)

The test voltage shall be the greater of
— the rated source voltage or working voltage of the equipment, or
— 1000V

The test voltage shall be applied between the power circuit conductors and the protective equipotential
bonding circuit for a period of approximately 1 s. This PASS-FAIL test is passed if no electrical
breakdown occurs.

Components and devices that are not rated to withstand the test voltage shall be disconnected
durireg—testing—ndividaaleompe and—devices—that-are—a—partofthe—inswatienbging tested
shopld not be disconnected for this test. Care shall be paid to avoid possible damage 'to|the tested
tric/electronic system.

ponents and devices that have been voltage tested in accordance with theirproduct starfjdards may
be disconnected during testing.

17.6 Protection against residual voltages

For|all components containing stored charges greater than 60 [C, conformance with 5{4 shall be
denponstrated. (Direct measurement is not necessary on, for example, a 24 V circuit.)

17.7 Functional tests
The functions of electrical equipment shall be tested:

Safety-related circuits (e.g. earth [or chassis in.the case of self-powered machines] fault deteftion) shall
be tlested.

In particular, verification of appropriateiinstallation of electrical motors and monitoring fun¢tions shall
be included into the functional tests.

17.8 Retesting

If any portion of the electricdl equipment of an EMM is modified, that portion shall be re-verified and
retgsted, as appropriate‘and according to 17.1 to 17.7.

Cornsideration should)be given to the possible adverse effects of retesting on the equipment, such as
strgssing of insulation and stresses of disconnections and reconnections.

17.9 IP testfor high-voltage equipment

For|high-voltage equipment, the equipment shall provide a minimum degree of protect1on against
direct=contact of IPXXDH when evaluated qrr‘nrr‘]ing to IEC 60529
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Annex A
(informative)

List of significant hazards

Annex A contains examples of hazards, hazardous situations, hazardous situation causes, and areas of
design congern—SeeTableA-L

Table A.1 — List of significant hazards

No. Hazard Relevant clauses/subclauses
1 Example hazards: safety hazards arising from the use of electricity involve the fellowing, whifh
is not an exhaustive list:
1.1 Electric shock Clause 5
1.2 Arc flash Clause 15
1.3 Stored energy Clause 15
1.4 Fire Clause 6
1.5 Hot surfaces Clause 7
1.6 Effects of EMC Clause 4
2 Example hazardous situations: some situations where personnel encounter the example hazards
include:
2.1 In general, the operation, service, and maintenance of low volt- All
age electrical systems
2.2 Use of personal protective equipment (PPE) 54,152
2.3 Use of special test equipment and the\instructions for its use 11.10.4,15.8,17.5
2.4 Unforeseen EMM actions due to EMC 4.5.1,5.10.2.7
2.5 Presence of Extra-low voltages that are derived from the main 4.4
low voltage sources and have'the possibility of “bleed-through”
to the ELV circuits
2.6 Presence of energy dissipating resistor grids, such as resistors 14.6.3
used for EMM brakiing
2.7 Equipment failutes or faults Clause 9
2.8 Inadequately protec'Fed equipment, with resultant hazards, e.g. Clauses 5, 6,7, 8 and 9
electrically-caused fire I
3 Example hazardous situation causes: hazardous situations can result from causes such as the
following:
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