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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY IN INSTALLATIONS FOR ELECTROHEATING
AND ELECTROMAGNETIC PROCESSING -

Part 1: General requirements

FOREWORD

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

rnational co-operation on all questions concerning standardization in the electrical and electronic fiel
end and in addition to other activities, IEC publishes International Standards, Technical Specific

national electrotechnical committees (IEC National Committees). The object of IEG\is to prpmote

fis. To
tions,

chnical Reports, Publicly Available Specifications (PAS) and Guides (hereaften referred to as| "IEC
blication(s)"). Their preparation is entrusted to technical committees; any IEC Natipnial Committee intefested

in|the subject dealt with may participate in this preparatory work. International;” governmental andq non-

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

with the International Organization for Standardization (ISO) in accordanceiwith conditions determined by

tional
bm all

tional
bf IEC

Pyblications is accurate, IEC cannot be held responsible<for the way in which they are used or fgr any

4) In]order to promote international uniformity, IEC National Committees undertake to apply IEC Publigations
trgnsparently to the maximum extent possible in~their national and regional publications. Any divergence
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indicqted in

6) Al

latter.

essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
rvices carried out by independent cerdification bodies.

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

7) Nd liability shall attach to IECon its directors, employees, servants or agents including individual exper
mg¢mbers of its technical committees and IEC National Committees for any personal injury, property dam

ot

exX

Pyblications.

8) At
in

9) At

pa

This

ention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
ispensable for_the correct application of this publication.

ention is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
itent righits: IEC shall not be held responsible for identifying any or all such patent rights.

Tedtine versionm of the offictat tEC Standard attows the user to fdentify the cha

itself does not provide any attestation,'of conformity. Independent certification bodies provide confprmity

br any

s and
hge or

er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
penses arising out (0f\the publication, use of, or reliance upon, this IEC Publication or any othgr IEC

bns is

ect of

hges

made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60519-1 has been prepared by IEC technical committee 27:
Industrial electroheating and electromagnetic processing.

This sixth edition cancels and replaces the fifth edition published in 2015. This edition
constitutes a technical revision.

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

a) removal of noise from the scope;

b) clarification of EMCT requirements;
c) rigk classification of hazards based on emission for all processing frequencies;
d) clarification of boundaries between IEC 60519 (all parts) and 1ISO 13577 (all parts).

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

FDIS Report on voting
27/1121/FDIS 27/1123/RVD

Full information on the voting for the approval of this International Standard can be foupd in
the r¢port on voting indicated in the above table.

This document has been drafted in accordance with thé\\SO/IEC Directives, Part 2.

In this document, the following print types are used:

—

gquirements and definitions: in roman typé;

— NPTES: in smaller roman type;

— térms used throughout this standard*which have been defined in Clause 3: in bold type.

A list of all parts in the IEC 605019 series, published under the general title Safety in
installations for electroheatingcand electromagnetic processing, can be found on the IEC
webdite.

The ¢ommittee has decided that the contents of this document will remain unchanged unfil the
stability date indicated-on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e rgconfirmed;

—

e withdrawn,

—

gpldced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

osure - hazarde and ||m|fe \uharo relevant
oStHeRaZaGSah e1eVa

weall
H—WeH

%,%M%%Ww—seepe—%a—pw this s od tan I.
O

These general r quements apply to all industrial EH and EPM equipment, unless an
exception is gi in the Particular requirements dealing with specific equipment in pther
parts| of the 0519 series. The provisions of other parts of the IEC 60519 series| that
direcfly ap o specific types of equipment take precedence over the provisions of this
docume

AnnexXtand—Anmex J—provide orientation witir Tespect to the appiicatiom of SO 13577-1 in
combination with this document.

This document presumes that the installation or equipment is operated and maintained only
by personnel consisting of skilled or instructed persons.

This document is intended for verifying whether the EH or EPM installation or equipment
meets the safety requirements of this document through design, site acceptance tests, routine
tests or inspection.

Annex H provides a guide on the use of this document and a list of typical industrial EH and
EPM processes.
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SAFETY IN INSTALLATIONS FOR ELECTROHEATING
AND ELECTROMAGNETIC PROCESSING -

Part 1: General requirements

1 Scope-and-objeet
141-Scope

This part of IEC 60519 specifies the general safety requirements for industrial instaftations or
equigment intended for electroheating (EH) and electroheating based trea11ment
technologies as well as for electromagnetic processing of materials (EPM)_[his document
deald with the significant hazards, hazardous situations or hazardous events relevant to
indugtrial EH and EPM equipment, as listed in Annex A, for normal operation and for sjngle
fault|condition as well as under conditions of reasonably foreseeable miisuse.

This document specifies the requirements intended to be met by the manufacturer to ensure
the safety of persons and property during the complete life cycle of the equipment from design
through commissioning, operation, maintenance, inspection, to decommissioning, as well as
in the event of foreseeable single fault condition that can occur in the equipment.

The rated voltage of EH and EPM equipment can be in the range of low voltage; details are
given in 4.2.

This document does not apply to equipment and appliances within the scope of

— IEC 60079 (all parts) — i.e. equipment—er—instalations intended for use in potentially
explosive atmospheres;
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IEC 60335 (all parts) — i.e. household, commercial and similar electrical appliances,
including room heating;

IEC 60601 (all parts) — i.e. medical electrical equipment;

IEC 60974 (all parts) — i.e. arc welding equipment;

IEC 61010 (all parts) — i.e. equipment for laboratory use.

This document does not provide requirements for type testing.

NOTE]| Industrial equipment covered by this document is typically prodaced as a single unit or a very small number
of unifs; such unit usually has a very high value and can cause sevete harm at disintegration.

This document does not address data security and hdazards arising from neglect of securify.

2 Normative references

The following documents are referred toin the text in such a way that some or all of|their
contgnt constitutes requirements of “this document. For dated references, only the edition
cited|applies. For undated refereneés, the latest edition of the referenced document (incléiding
any gmendments) applies.

IEC $0071-1:2006 1, [Insulation co-ordination — Part 1: Definitions, principles and lrules
IEC $0071-1:2006/AMDJ32010

IEC $0204-1:20052046, Safety of machinery — Electrical equipment of machines — Pprt 1:
Gengral requiretents

IEC §0204-11:20002018, Safety of machinery — Electrical equipment of machines — Pant 11:
Reqdirements for—HV equipment for voltages above 1 000 V AC or 1 500 V DC and not
exceeding 36 kV

IEC 60228:2004, Conductors of insulated cables

IEC 60335-1:20102, Household and similar electrical appliances — Safety — Part 1: General
requirements

IEC 60335-1:2010/AMD1:2013

IEC 60335-1:2010/AMD2:2016

1 A consolidated version of this publication exists, comprising IEC 60071-1:2006 and IEC 60071-
1:2006/AMD1:2010.

2 A consolidated version of this publication exists, comprising IEC 60335-1:2010, IEC 60335-1:2010/AMD1:2013
and IEC 60335-1:2010/AMD2:2016.
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IEC 60335-2-24, Household and similar electrical appliances — Safety — Part 2-24: Parti

requirements for refrigerating appliances, ice-cream appliances and ice makers

IEC 60335-2-89, Household and similar electrical appliances — Safety — Part 2-89: Parti

requirements for commercial refrigerating appliances with an incorporated or re
refrigerant unit or compressor

2020

cular

cular
mote

IEC 60364-1:2005, Low-voltage electrical installations — Part 1. Fundamental principles,

assessment of general characteristics, definitions

|IEC 60364-4-44 | ow-voltage electrical installations — Part 4-41: Protectionfor safety —

Protgction against electric shock
IEC $0364-4-41:2005/AMD1:2017

IEC 60364-4-42:20104, Low-voltage electrical installations — Part 4-42: Protection for saf
Protgction against thermal effects
IEC ¢0364-4-42:2010/AMD1:2014

IEC 60364-4-44:20075, Low-voltage electrical installations — Part 4:44) Protection for saf
Protgction against voltage disturbances and electromagnetic distutbances

IEC 6$0364-4-44:2007/AMD1:2015

IEC 60364-4-44:2007/AMD2:2018

IEC 60364-5-53:20016, Electrical installations of buildings — Part 5-53: Selection and er¢g
of elgctrical equipment — Isolation, switching and control

IEC $0364-5-53:2001/AMD1:2002

IEC $0364-5-53:2001/AMD2:2015

IEC 6§0364-5-54:2011, Low-voltage electricahinstallations — Part 5-54: Selection and erg
of elgctrical equipment — Earthing arrangements and protective conductors

IEC 60398:2015%, Installations for electroheating and electromagnetic processing — Ge
perfdrmance test methods

IEC 60417, Graphical symbols for use on equipment (available at http://www.grap
symiols.info/equipment)

IEC €0445:2017, Basic and safety principles for man-machine interface, marking
identffication — Identification of equipment terminals, conductor terminations and conductd

IEC $0529.1989, Degrees of protection provided by enclosures (IP Code)

ety —

ety —

ction

ction

neral

hical-

and
DIrsS

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

art 1:

Principles, requirements and tests

3 A consolidated version of this publication exists, comprising IEC 60364-4-41:2005 and |EC 60364-4-

41:2005/AMD1:2017.

4 A consolidated version of this publication exists, comprising IEC 60364-4-42:2010 and |EC 60364-4-

42:2010/AMD1:2014.

5 A consolidated version of this publication exists, comprising |EC 60364-4-44:2007, |EC 60364-4-

44:2007/AMD1:2015 and |IEC 60364-4-44:2007/AMD2:2018.

6 A consolidated version of this publication exists, comprising IEC 60364-5-53:2001, IEC 60364-5-

53:2001/AMD1:2002 and IEC 60364-5-53:2001/AMD2:2015.
7 __To be published-
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IEC 60990:49992016, Methods of measurement of touch current and protective conductor

IEC 60909-0:2016, Short-circuit currents in three-phase a.c. systems — Part 0: Calculation of
current

IEC 60865-1:2011, Short-circuit currents — Calculation of effects — Part 1: Definitions and
currents

IEC 60825-1:2014, Safety of laser products — Part 1: Equipment classification and requirements
calculation methods

IEC 81000-3-3  Flactromaanetic compatibilitv (EMC)

=<

chanhes

CrHagCo; VoOago o CtuatrOro ant G TG CT T P uoTC 1OW v OragC—ou ooy oy otCho;, TOR SO

IEC TS 64000-3-5 _FEloctromaagnetic—compatibilitv(EMC)

=

voltabe fluctuations-and-flicker in low-voltage power-supply svstems foreabinment with rated
YoftageHuecttattonsSanarHHeKker-H—+ow-voltage—power-—SUppry-—SyStemSF+o=e4tHprHent-WHh

currgnt greater than 75 A

IEC TR 6814000-3-6 Flectromaanetic—compatibilitv (EAMC)

=

CHHOPTOT

s

emiskion

IEC #41000-3-11

=

voltabhae chanaes

vortagtc

IEC 61010-1:2010, Safety requirements for electrical equipment for measurement, coptrol,

Immdynity requirements for-equipment intended to perform functions in a safety-related syistem
and laboratory 4se'— Part 1: General requirements

IEC $1000-6-7:2014, Electromagnetic compatibility (EMC) — Part 6-7: Generic standards —
(functional safety) in induStrial locations

IEC 61000-6-2:2016, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards —

Immdynity standard for industrial environments

IEC $1082=1:2014, Preparation of documents used in electrotechnology — Part 1: Rules

Safety of machinery — Indication, marking and actuation — Part 1:

Requirements for visual, acoustic and tactile signals

IEC 61310-1:2007,

Safety of machinery — Indication, marking and actuation — Part 2:

IEC 61310-2:2007,
Requirements for marking

Safety of machinery — Indication, marking and actuation — Part 3:

Requirements for the location and operation of actuators

IEC 61310-3:2007,
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IEC 61508-1:2010, Functional safety of electrical/electronic/programmable electronic safety-
related systems — Part 1: General requirements

IEC $1786-1:2013, Measurement of DC magnetic, AC magnetic and ACelectric fields|from
1 Hz|to 100 kHz with regard to exposure of human beings — Part~1: Requirements for
meaguring instruments

IEC $1786-2:20148, Measurement of DC magnetic-fields, AC magnetic and AC electric fields
from|1 Hz to 100 kHz with regard to exposure of human bgings — Part 2:—Guidanece Basic
standard for measurements

IEC 61936-1:2010 9, Power installations exceeding~I\ kV a.c. — Part 1: Common lrules
IEC $1936-1:2010/AMD1:2014

IEC §2061:2005 10, Safety of machinery — FEunctional safety of safety-related eleclrical,
electronic and programmable electronic contrel’'systems
IEC §2061:2005/AMD1:2012
IEC §2061:2005/AMD2:2015

IEC 2271 (all parts), High-voltage\switchgear and controlgear
IEC §2471:2006, Photobiological safety of lamps and lamp systems

IEC 82079-1:2012, Preparation of instructions for use — Structuring, content and presenfation
— Paft 1: General principles and detailed requirements

CISPR 11:2018A%; Industrial, scientific and medical equipment — Radio-frequency disturbance
characteristics)— Limits and methods of measurement
CISAR 1%2015/AMD1:2016
CISARA12015/AMD2:2019

8__To bepublished-
9 A consolidated version of this publication exists, comprising IEC 61936-1:2010 and IEC 61936-
1:2010/AMD1:2014.

10 A consolidated version of this publication exists, comprising IEC 62061:2005, IEC 62061:2005/AMD1:2012 and
IEC 62061:2005/AMD2:2015.

11 A consolidated version of this publication exists, comprising CISPR 11:2015, CISPR 11:2015/AMD1:2016 and
CISPR 11:2015/AMD2:2019.
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IEEE C95.1:2005, IEEE Standard for Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 3 kHz to 300 GHz

IEEE C95.6:2002, IEEE Standard for Safety Levels with Respect to Human Exposure to
Electromagnetic Fields, 0—3 kHz

ISO 3864-4-2011_ Graphics
princfples for safety signs and safety markings

esign

ISO 6385:2016, Ergonomics principles in the design of work systems

ISO 7000, Graphical symbols for use on equipment—Registered—symbels (availabje at
http://www.graphical-symbols.info/equipment)

ISO 1010, Graphical symbols — Safety colours and safety signs\~ Safety signs us¢d in
workplaces and public areas

ISO 12100:2010, Safety of machinery — General principlescfor’design — Risk assessmenf and
risk neduction

ISO 13577-1:2016, Industrial furnaces and associatéd processing equipment — Safety — Rart 1:
Gengral requirements

ISO 13577-2:2014, Industrial furnaces and associated processing equipment — Safety — Rart 2:
Combustion and fuel handling systems

ISO 13577-3:2016, Industrial furnace$“and associated processing equipment — Safety — Rart 3:
Gengration and use of protective and reactive atmosphere gases

ISO 13732-1:2006, Ergononiics of the thermal environment — Methods for the assessmgnt of
human responses to contact with surfaces — Part 1: Hot surfaces

=

ISO 13849-1:2045, Safety of machinery — Safety-related parts of control systems — Phart 1:
Gengral pringiples for design

ISO 13850:2015, Safety of machinery — Emergency stop function — Principles for design

ISO 13855:2010, Safety of machinery — Positioning of safeguards with respect to the
approach speeds of parts of the human body

ISO 13857:2008, Safety of machinery — Safety distances to prevent hazard zones being
reached by upper and lower limbs

ISO 14119:2013, Safety of machinery — Interlocking devices associated with guards —
Principles for design and selection

ISO 14120:2015, Safety of machinery — Guards — General requirements for the design and
construction of fixed and movable guards

ISO 14159:2002, Safety of machinery — Hygiene requirements for the design of machinery
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ISO 19353:2019, Safety of machinery — Fire prevention and fire protection

3 Terms, definitions and abbreviated terms

For t

ha nurnasas of this daocumant thg faollaowina tgrme and dgfinitiang annly
PHP - = g+ -

Py

ISO Ind IEC maintain terminological databases for use in standardization at th€.felld

addr

B

[«

v

3.1
3.1.1

SSes:

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

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

General concepts

elecfroheating

EH
DEP
conv

Note

3.1.2

RECATED: electroheat
prsion of electric energy into-thermal-energy heatfor useful purposes

to entry: This note applies to the French language oniy

elecfromagnetic processing of materials

EPM

interaction between electromagnetic energy or forces and materials for useful purposes

Note

Note 4

3.1.3

to entry: EPM can/seannet include but is not limited to heating.

to entry: Thisynote applies to the French language only.

elecfromagnetic field

EMF
elect

ricOr magnetic field or a combination of electric and magnetic time varying field

wing

Note 21 to entry: This note applies to the French language only.

3.1.4

electromagnetic radiation
propagating electromagnetic field transporting energy

EXAM

PLE Microwave radiation or optical radiation (infrared, visible and ultraviolet).

e
. .
ghe | tic field
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3.1.5

near-field region

<of an electromagnetic field> region near an antenna where non-propagating
electromagnetic field effects dominate

Note 1 to entry: The near-field region is further subdivided into the reactive near-field region, which is closest
to the radiating structure and that contains most or nearly all of the stored energy, and the radiating near-field
region where the radiation field predominates over the reactive field, but lacks substantial plane-wave character
and is complex in structure.

Note 2 to entry: The non-radiating part of the electromagnetic fields dominates significantly in a region up to
about a distance of 0,5 wavelengths from the antenna.

3.1.

manyfacturer
proddicer of the EH or EPM equipment or installation responsible for compliance with this
document

Note 1 to entry: The manufacturer in the sense of this document can also be a supplienjdistributer, impofter or
agentlauthorised representative.

niryve Erom-the pbersp
HAY-——"Fom— PersSP

party| responsible for the operation and maintenance ofy'the EH or EPM equipment or
instgllation, from putting into service to de-commissioning

3.1.8
skilled person
trainpd person
person with suitable education, knowledgé and experience to perceive risks and to avoid
hazafds which can be relevant for the type of installation or equipment, including superyision
of th¢ instructed persons

Note ] to entry: The term trained perseon is used in ISO 13577 (all parts).

3.1.9
instructed person
person advised or supervised by skilled persons, able to perceive risks and to avoid hazards
which an installation-or_equipment can create

3.1.1)0
operptor
skilled person or instructed person performing one or more tasks during operation,
adjugtment) maintenance, repair or disassembly of an installation or equipment

3.1.11

ordinary person

person not-able trained or skilled to perceive risks and avoid hazards, who can be harmed by
exposure to lower limits than operators

EXAMPLE A member of the general public including pregnant, elderly or disabled persons, but not children.

3.1.12
vacuum
pressure lower than 30 000 Pa

Note 1 to entry: Defined as a pressure lower than any environmental pressure on the land surface of earth.

Note 2 to entry: Vacuum is divided into the following pressure ranges:

— rough vacuum from 100 Pa to 10 000 Pa;
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—  fine vacuum from 0,1 Pa to 100 Pa;
—  high vacuum from 105 Pa to 0,1 Pa;

— ultra high vacuum below 105 Pa.
3.2 Equipment and state of equipment

3.21

electrical equipment

set of items used to generate, convert, transmit, distribute or utilize electric energy, such as
converters, transformers, capacitors, switchgear and control gear, measuring instruments,
protective devices and wiring systems

g

[SOYRCE: IEC 60050-826:2004

3.2.2
elecfroheating equipment
EH eLuipment

DEPRECATED: electroheat equipment
equipment in which electric—energy work is converted into—thermaicenergy heat for useful
purpgses

Note 1 to entry: This note applies to the French language orly.

3.2.3
equipment for electromagnetic processing'of materials
EPM|equipment

equigment in which electromagnetic-gnergy or electromagnetic force is provided fof the
elecfromagnetic processing of materials

Note 1 to entry: This note applies to thecFrench language only.

3.2.
electroheating installation

EH installation

DEPRECATED: ele¢troheat installation
installation compdsed of EH equipment, electrical equipment and mechanical equipment
needed for its gperation and use

Note 1 to entry: This note applies to the French language only.

3.2.5

installation for electromagnetic processing of materials

EPM installation

installation composed of EPM equipment, electrical equipment and mechanical equipment
needed for its operation and use

Note 1 to entry: This note applies to the French language only.
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3.2.6

normal operation
operation of the installation or equipment as specified by the manufacturer and agreed with

the u

3.2.7

ser

workload
object or material being processed

Note 1

to entry: The term "load" has a different meaning. Load is used and defined accordingly in-seme the
Particular requirements of IEC 60519 (all parts), if available.

3.2.8
sing
cond
singl

Note
single

Note 2

or EPM installation or equipment.

Note 3
disintq
under:

[sou

3.2.9

elecfric single fault condition

cond

pres¢nt which could cause a hazard

Note
IEC 6

[SOU
been
one.]

3.21
proc
DEP

operating frequency of the EH or EPM equipment or installation at which the current or

is ap

e fault condition

b component or a device

to entry: If a single fault condition results in one or more other fault conditions, alNare considered
fault condition.

to entry: A single fault condition may or may not affect the process or th€.dhtended operation of t
to entry: An incident that stops the normal operation, that directly €atdses hazards or that leads to

gration of the EH or EPM installation or equipment or parts of i\Nis" not a single fault condition
tanding of this definition, it is then a major damage, an average, aihaccident.

RCE: IEC Guide 104:2019, 3.8, modified — Note§ 2*and 3 have been added.]

tion in which one means for protectiom@against electric shock is defective or one fa

to entry: Electric single fault condition is identical to single fault condition as defin
140:2016.

RCE: IEC 61140:2016, 334, modified — The original term "single fault condition’
changed to "electric single fault condition™ and the note has been replaced by 4

0
pssing frequency
RECATED /eutput frequency

blied~te, the workload

tion in which there is a fault of a single protection (but not a reinforced protestion) of

S one

he EH

direct
in the

ult is

ed in

has
new

field

Note

3.3
3.3.1

todentry:  Snecific ranges of processing frequencies are defined in Table 1
2 ™ =) g =) “

Parts and accessories

enclosure
housing affording the type and degree of protection suitable for the intended application

[SOURCE: IEC 60050-195:1998, 195-02-35]

3.3.2
wind

ow

part of an enclosure that allows passage of some kind of radiation



https://iecnorm.com/api/?name=f7278026021e96654bee914b74f18353

- 20 - IEC 60519-1:2020 RLV © IEC 2020

3.3.3
barrier
ivel .
physical object limiting access to equipment or the enclosure of that equipment, which can
only be removed with the use of a tool or is interlocked

Note 1 to entry: A barrier can be physically separated from the equipment, but is a part of the installation.

Note 2 to entry: Barriers are usually transparent to the processing electric, magnetic field or radiation.

3.3.4
guard
barrier that is a part of the equipment

3.3.5
obstacle
item [impeding access, which is secured to prevent unintentional removal but is remoyable
withqut a tool or key

3.3.6]
protéctive device
<elegtrical>

electrical device-etherthana-guard-orenclosure that reduces arisk

EXAMPLE Two-hand control, pressure sensitive mat or edge, trip bar and wire, light curtain, laser scanner.

3.3.7

screﬁn
devide intended to reduce the penetration of @n electric, magnetic or electromagnetic [field
into @ given region

[SOURCE: IEC 60050-151:2001, 151213-09, modified — The second term "shield" has [pbeen
omitted.]

3.3.8
interjock
mechanical or electrical\protective device or system that prevents an action which can

creafe a hazard
3.3.9
thermal cut-out

each time they have operated; temperature protectors are resettable.
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3.3.10

handheld applicator

easily movable device providing an electric or magnetic field or electromagnetic radiation to
a workload

EXAMPLE Contacting applicators being in direct contact with the workload to be treated; insertion applicators, to
be inserted into the workload; coil applicators, like hand held induction coils; lamp and luminaire units, irradiating
a workload.

Note 1 to entry: "Easily movable" implies lightweight.

3.3.11
meal's—mm

all fgatures of the EH or EPM installation or equipment which can be opened or_rfeioved
and ¢nable access to a hazard or hazard zone

Note 1 to entry: Means of access can be part of the enclosure, obstacles or doors.

Note 4 to entry: Means of access can be secured by an interlock.
3.4 | Safety related concepts

3.41
functional test
way {o test specified functions of a system without regard to i{S.internal structure

[SOYRCE: IEC TR 62059-11:2002, 3.6, modified — Thefrote has been removed.]

3.4.2
live part
condpctor or conductive part intended to bé&’energized in normal operation, including a
neutnal conductor, but by convention not:a PEN conductor or PEM conductor or|PEL
condpctor

Note {1 to entry: This concept does not necéssarily imply a risk of electric shock.

[SOYRCE: IEC 60050-195:1998,,195-02-19]

3.4.3
hazafrdous-live-part
live p!art which, under-certain conditions, can give a harmful electric shock

[SOYRCE: IEC60050-195:1998, 195-06-05]

3.44
hightvoltage hazard zone
il hlesard zane
area zone limited by the minimum clearance around hazardous-live-parts of high voltage
equipment without complete protection against direct contact

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

3.4.5
touch voltage
voltage between conductive parts when touched simultaneously by a person or an animal

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.

[SOURCE: IEC 60050-195:1998, 195-05-11, modified — The other term "(effective) touch
voltage" is not used in this document.]
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3.4.6
touch current

IEC 60519-1:2020 RLV © IEC 2020

electric current flowing through the body of a person or an animal when a touch voltage is

present and a conductive path available

3.4.7

leakage curren

DEPRECATED: earth-current

electric current in an unwanted conductive path under normal operating conditions

3.4.8

induced electric shock

phys|ological effect caused by an induced electric field inside the human body

lota to_antry: The alectric fiald is usually induced bv an electromaanetic nearfield and doessnot necat¢sitata
Not to-entry-—The-electricfield-is—usually-induced-by an-electromagnetic nearfield-and does-not-n sitat
contag¢t to-a conductor.

Note 3 to-entry:— The effects of induced electric shock are essentially the same-as those of electric shock daused
i B e e R B T e e e A A = BE R
s S e

Note 1 to entry: Effect usually observed in the near-field region of an eléetromagnetic field; it dogs not
necespitate contact to a conductor. The effects are essentially the same as those ©of electric shock caused thjrough

conta

t to a conductor, for example burn or nerve reaction.

eoE o e c00s0. 000000y 00e T e ediiind e
switching device -intended to remove electric power" have been replaced by "openation
3.4.9

insulation

insulating materials ensuring proper operation of the equipment and protection adainst
electfic shock

Note 1 to entry: Insulation also refers to the action of insulating.

Note 3 to entry{ WUnder certain circumstances, thermal insulating material can equally perform the function |of the
electrical insulation.

3.4.1)0

basicimsutation

insulation of hazardous-live-parts which provides basic protection

Note 1 to entry:

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

3.4.11
galvanic separation

This concept does not apply to insulation used exclusively for functional purposes.

prevention of electric conduction between two electric circuits intended to exchange power

and/or signals

Note 1 to entry: Galvanic separation can be provided for example by an isolating transformer or-a-phoetocoupler

an opto-coupler.


https://iecnorm.com/api/?name=f7278026021e96654bee914b74f18353

IEC 60519-1:2020 RLV © IEC 2020 - 23 -

[SOURCE: IEC 60050-151:2001, 151-12-26]

3.4.12

emission

<as a concept> energy sent out from a source in the form of a field, particles, a chemical
agent, pressure or other physical agent

3.4.13

emission
<for assessment> detectable energy emitted from and detectable outside the boundary of an
EH or EPM installation or equipment in the absence of a human or animal disturbing the field
or flgw of energy

3.41
exposure
receiing or absorbing emitted energy by a person or an animal

Note 1 to entry: The determination of absorbed energy may necessitate the presencé nsf the exposed pergson or
animal in the emission.

3.4.15
accepsible emission
level|of radiation or field determined at a certain distance frot{,the EH or EPM installatipn or
equipment and being accessible in normal operation or sjigle fault condition

3.4.116
emisfsion limit
maximum accessible emission permitted for a@ayticular risk class

3.5 | Abbreviated terms

EH electroheating

ELV extra low voltage (below 50.V-at mains frequency)
EMC electromagnetic compatibility

EMF{ —electromagnetic field

EPM electromagnetic processing of materials

HV high voltage (above 1 000 V at mains frequency)

IR infrared {radiation)}

LED light-emitting diode

LV low.veltage (the range between 50 V and 1 000 V at mains frequency)
MW microwave

PE protective earthing conductor

PEL protective earthing conductor being a line conductor as well

PEM protective earthing conductor being a mid-point conductor as well
PEN protective earthing conductor being a neutral conductor as well
SAR specific absorption rate {of energy}

uv ultraviolet {radiation}

VIS visible {radiation}
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4 Classification and subdivision of equipment and installations

4.1 Classification by processing frequency

EH and EPM mstallatlon and eqmpment is classmed by its processmg frequency+e—the

. Table 1 lists

the equment types and thelr processmg frequency ranges as weII as safety relevant
frequency limits. An EH or EPM installation may include more than one type of EH or EPM

equipment.

Table 1 — Equipment, processing frequency and safety-relevant frequency limits

Frequency ®range Frequency range Hazards-associpted
Eaui Lefini . I £ f Sl releans ith-thelf hey
type Hmits cquency-range range
direc{current® \

Equ1pment type

Frequency range 2
defining equipment type

Frequency range
used for safety limits

Hazards associated
with the frequency range

Direct current €
or stationary
field

0 Hz

0 Hz or no change in polarity

Electric shock,
neural stimulus,
dizziness

Low frequency

>0 Hz to <60 Hz

Mains frequency

50 Hz or 60 Hz

Medium
frequency

> 60 Hz to 100 kHz

> 60 Hz to 100 kHz

Electric shock,
burn,

not let-go,
neural stimulus

High frequency

> 100 kHz to 0,3 GHz

> 100 kHz to 6 MHz

Burn, bodypart heating

> 6 MHz to 0,3 GHz

Microwave

> 0,3 GHz to 300 GHz

Bodypart heating

Infrared

780 nm to 1 mm

IR-C 3000 nmto 1 mm

Burn of skin and cornea
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IR-B 1400 nm to 3000 nm

IR-A 780 nm to 1 400 nm Burn of skin and cornea

Visible 400 nm to 780 nm burn of retina

Ultra

UV-A 315 nm to 400 nm
UVvV-B 280 nm to 315 nm

Burn of skin and cornea

violet 10 nm to 400 nm

UV-C 100 nm to 280 nm skin cancer
EUV 10 nmto 100 nm
Laser 10 nm to 1 mm (> 300 GHz to 30 PHz) Burn of skin, cornea and retina

2 REteUproCESSITy Irequency.

b v
© D
a7

lues of the corresponding free space wavelengths are also given in case of optical radiation.
rect current type — equipment with no intended change of polarity, but including switch-on and_sWjtch-o

fle definition of UV follows IEC 62471:2006; radiation between 380 nm and 400 nm is usually sénsed.

The $upply voltage of an installation or equipment is classifiedas

Classification by voltage

— ektra low voltage (ELV)-andtlow—veoltage(L\)-is-Hade—at below 50 V (RMS) at mains

—_

|
o=y

NOTE| The definitions of ELV and voltage band™, LV and voltage band 2 and HV and voltage band 3 are id
Voltagdes below 25 V mains frequency or 60V direct current are seen as without risk for any ordinary per

most

This

a) depending on the supply and the output voltage, whichever is the higher value (int

Diffe

4.3
431

frequency or 120 V direct current,

v
b) igdependentlyof-“/not depending on the process voltage or internal voltage of
installation erequipment.

ircumstances (exception is possiple m wet conditions).

distinction shall be made for the installation and for parts as defined in 4.3.1 and

bltages inside thé electrical equipment may be higher), but

ent parisof one installation may be classified as ELV, LV or HV.

Subdivision of installation and equipment

w voltage (LV) between 50 V (RMS) at mains frequency or 120 V direct curren{ and

000 V (RMS) at mains frequency or 1 500 Ydirect current, and
gh voltage (HV)-is-made-at above 1 000 V (RMS) at mains frequency or 1 500 V direct
irrent.

entical.
bon in

ernal

the

Subdivision into parts

An EH or EPM installation consists of diverse and specific parts. Figure 1 presents a block
diagram of a typical installation for reference. It determines the boundary of installations and
equipment. Not all parts are found in every kind of an EH or EPM installation.
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Exhaust or gas
s extraction system Y

EH or EPM installation

l
|

|
- - I
Processing equipment |
Other |
supplies Cooling equipment Electrical I
insulation, |
electromagnetic |
. Control equipment ) shielding and |
Electr Heating |
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semi- magnetic |
PH fields Thermal |
/ conductors, insulation I
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|
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|
: Protective I
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: interlocks, devices and I
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| || Operator_ control doors, locks equipment |
| station I
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I - Emergency stop sensors, I
I device measuring 1
| equipment |
I —] Safeguard and |
I warning devices |
|
|
Instructions for use I
Escape'routes I
N 7
il () Jmt e e =
Figure 1 — Block diagram of a typical EH or EPM installation
Tablg 2 provides references to clauses of this document or to other standards relevant tp the
parts| identified in Figure 1. The requirements for-electrical equipment outside the procegsing
equigment are covered by IEC or ISO standards specified in Table 2. The basic sourcgs of

safety provisions for electrical equipment of EH or EPM installations and equipment are
IEC 60204-1:2005-andtEC60204-1:2005/AMD1:2008 for LV and IEC 60204-11:2000 for HV.

The safety requirements for the processing equipment itself are specific because of its
extraordinary environment and of conditions inside or near, where
a) extreme temperatures can interact with-electrieal the equipment,

b) strong electric, magnetic or electromagnetic fields can interact with the—electrical
equipment, and

c) thermal energy or electromagnetic forces can endanger the structural integrity of the
equipment or of insulation and of protective means.
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Table 2 — Typical EH or EPM installation — Listing of parts and references

Part of installation or equipment —

See Figure 1 Condition for which

the reference is Reference/source of provisions

Part Component/item valid

Electric energy supply \EC 6030 A

IEC 60364-4-42,

Protective earth, PE IEC 60364-4-44,
LV, <200 Hz IEC 60364-5-53,
IEC 60364-5-54,
Protective bonding IEC 60445,
IEC 60664-1

condugtors-and cabling at standard environment

Electr|c energy supply

Protegtive earth, PE IEC 61936-1

HV, < 200 Hz IEC 600711
Protedtive bonding

B e e e ea et

Electr|c energy supply

Protedtive earth, PE all other, < 36 k¥ Clause 7

Protedtive bonding

Condyctors and cabling at standard environmental

conditlons <A4QCC IEC 60228
Condyctors and cabling exposed to non-standard S 40 °C 6.4.2 and 13.32
environmental conditions o ’
LV, <200 Hz IEC 60204-1
AV, =30 KV | IEC 60204-11
Switchgear and controlgear z
> 36 kV, <200 Hz Particular requirements
Contrgl
equipment > 200 Hz Clause 7
Programmable controler B e
- ) IEC 61508-1,
Protective device all IEC 62061,
e e
ISO 13849-1

<1000V, <200 Hz | IEC 60204-1

Opergtor control station

(same| as switchgéar-and controlgear) >1000V, <200 Hz IEC 60204-11

all other Clauses 7 and 8

<1000V, <200Hz | IEC 60204-1

Emerdency/stop device

Hah A + 1 AY
(samelas—switehgear-eand-contrelgear)

>1000V, <200Hz | IEC 60204-11

all other ISO 13850

<1000V, <200Hz | IEC 60204-1

Safeguard and warning devices

(same as switchgear and controlgear) > 1000V, <200 Hz IEC 60204-11

all other ISO 13850
Other supplies —for example fluidsfuel, compressed all Clause 12;
air ISO 13577-3
Gaseous or liquid fuels all ISO 13577-2
Clause 12;
Fluid extraction system all
ISO 13577-1

Exhaust all ISO 13577-1
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Part of installation or equipment —

Condition for which

See Figure 1 the reference is Reference/source of provisions
Part Component/item valid
Escape routes all IEC 60364-4-42
Clauses 7, 8, 9, 10;
Electroheating equipment Particular requirements
Non-electric heating equipment ISO 13577-1
ISO 13577-2
Equipment providing electromagnetic Clauses 7, 8, 9, 10;
fietds Particular requirements
Clause 10;
Thermal insulation
ISO 13577-1
Electrical insulation Clauses 7, 8, 9,.10
) Electromagnetic shielding Clauses 7, 8,19, 10
Procegsing
: see 6.4 .
equipment IEC 61340 series
Actuators and sensors EC %5 0-1
IEC61310-2
IEC 61310-3
IEC 61010-1
Measuring equipment
Particular requirements
Motor opergted devices and motor IEC 60204-1
control equipment
ISO 14119
Guards, interlocks, barriers, doors, 1ISO 14120
locks
Particular requirements
Cooling Clauses 10 and 12
4.3.2 Hierarchy and structure _of,requirements
The [following rules are a_-guideline especially with respect to the requirements on
electfomagnetic safety, which-" comprises electric shock, induced electric shock, tpuch
currents and other effects of electromagnetic fields.
a) For all parts of an installation that fall under the scope of one of the standards listed in

able 2, that standard shall be used.

or equipment or parts outside the scope of any of the standards listed in Tab

of this document.

4.4
4.41

Classification of hazards and risks

Classification of hazards

Hazards are differentiated-according-to-thefolowingeriteria as

a) hazards where the harm is immediate — i.e. any accident which directly results in harm,

a

nd

le 2,

b) hazards where the harm depends on the exposure, accumulation or dose — for example
on intensity, a field strength, an exposure time.

EXAMPLE 1

Immediate hazards are electric shock, the ejection of objects, explosion, mechanical hazards like
cutting or falling, toxic substances of potentially lethal dose.
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EXAMPLE 2 Exposure related hazards are exposure to optical or microwave radiation, exposure to electric or
magnetic fields, exposure to sound or noise, exposure to ionizing radiation, toxic or radioactive substances.

NOTE Contact with hot surfaces or hot substances can be dose-related at low temperatures, or immediate, for
example direct contact to liquid metals.

Hazards are differentiated as

a) sensed hazards — i.e. hazards creating adverse body reactions, and
b) non-sensed hazards or non-perceivable hazards.

EXAMPLE 3 Sensed hazards are temperature of material or of environment, intense visible radiation, fast moving
parts, acceleration vibration or noise

EXAMPLE 4 Non-sensed or non-perceivable hazards are UV radiation, ionising radiation or (radidactive
substdnces, toxic substances, microwave, magnetic or electric fields.

4.4.2 Classification of risks

A specific risk depends on-expeosure—tevel emission, duration, intensjty of
the dgent, but also-depending on the exposed bodypart, awareness orcsensing of the agent,
expefience or information about the type of hazard, and behavioural faetors such as aversion
or withdrawal. Risks are treated through a level categorisationy-ef—the—risk; with [non-
percgivable hazards being categorised as requiring particular‘protective measures.| The
manyifacturer reduces emissions of possibly hazardous ageni$ or informs the user gbout
residpal risks. A classification scheme guides this actiopn.\Fable 3 summarises—this{as—a
genefal-approach the classification of residual emissions gsed in this document.

Table 3 — Safety classification schemefor‘exposure risks to humans

Risk-Group class | Restrictions and protective méasures Information and training
0 exempt No restriction or protectiveuméasures No information needed.
necessary
Restrictions like limitation of access or Inf . b h ds. risk d
. rotective measures may be indicated nformation about hazards, risks an
1 low risk P secondary effects to be provided by

depending on thevresult of a risk

assessment done by the user the manufacturer.

Information about hazards, risks and
secondary effects to be provided by
the manufacturer.

moderate Spécial restrictions and protective
risk measures essential The manufacturer shall indicate to the

user, if specific training of the
operator is-deemed necessary-by-the
¢ ’ A s

Information about hazards, risks and
secondary effects to be provided by
the manufacturer.

Access possible when protected by
persona| protective equipment The manufacturer shall indicate to the
user, the necessary specific training of
the operator and the personal
protective equipment.

3a high risk

Information about hazards, risks and
3 high risk No access secondary effects to be provided by
the manufacturer.

Each spatial position or hazard zone shall be considered individually. Normal operation and

smgle fault condltlon shall be taken into account.-Annex-B-and-Annex-Cprovide-examples



https://iecnorm.com/api/?name=f7278026021e96654bee914b74f18353

Thic lcstandard i combination with tha annlicabhlae Particular auiramaents accict tha
Fhis{standard,—in—combinatiot —the—applicable—Particular (Requirements,—assistg—the
mani - during he proce = 3 e men S edy on h andard

Adare ) aVa¥ll a a nacifi av¥a. a) a = a¥a DM 1A b HPa ANnnea A _NDro i
fsto | S
braslrrcniatienondmothede et sinlc coonoomoni ond G@fgreductaon cicoiposiiodda oo A0 on
This document is based on the risk assessmemt provided in Annex A.

>

This | risk assessment shall be ex@&ied and specified accordingly throughout| the
deve|lopment of the Particular requireqb ts of IEC 60519 (all parts).
The

or eV

The [manufacturer shalt then add to this risk assessment the specifics of his tech
solutlon as specified & 12100:2010.

O

If thg manufactu\&f’intends to make an equipment or installation not fully under the sco
this ¢glocume Q‘nd its risk assessment, or if the Particular requirement is outdated an
referfing to document or no Particular requirement exists, he is advised to reconsidd
risk ass ent in Annex A. This document then assists with the risk assessment ang
redu

isk assessment in Annex chovers a very broad cluster of equipment and installafions,
thergfore it is quite generic

@2%‘ ay not cover specific origins, particular hazardous situg
ents, or potential cons ences in the details deemed necessary by the manufact|

tions
urer.
nical

pe of
il not
r the

risk

?i\@/ rocedure as specified in ISO 12100:2010.

6 General provisions

6.1
6.1.1

Basic considerations

Any The EH or EPM installation or equipment shall be suitable for its intended

use,

it shaII be designed to be operated adjusted and maintained without putting persons at risk
. Design and construction shall ensure
adequate reduction of the risks during normal operation or in single fault condition, at the
state of the art and-for considering the foreseeable lifetime of the EH or EPM installation or
equipment.
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H-shalnotcause Any risk through the workload when the workload is processed as intended
in the EH or EPM installation and that is foreseeable to the manufacturer shall be
adequately reduced.

6.1.2 Ary The EH or EPM installation or equipment shall be designed to prevent or to
reduce the possibility of-any misuse or fault condition.

6.1.3 Any The EH or EPM installation or equipment shall not pose a risk of the
immediate or non-perceivable types, unless the intended use is otherwise impossible to
achieve. Additional protective measures, warnings and instructions shall be provided in such
cases.

6.1. The manufacturer shall, in the following order,

a) eliminate risks to achieve an inherent safe installation or equipment,

b) provide protective measures for those risks that are not eliminated, and
c) provide all necessary information to the user about residual risks,.indicate necesgsary
tfaining and personal protective equipment.

=ren
e

6.1.5 Protective measures are a combination of measures incorporated at the design stage
and measures being indicated as to be implemented by the user. The manufacturer [shall
incorporate all measures identified to be necessary,ace¢ording to Clauses 5 through 17 when
applicable.

6.1.6 If a specific hazard is in risk-greup class 1 or 2 as defined in Table 3 and cannpt be
redug¢ed further by the manufacturer, the manufacturer shall provide detailed informatign for
the user, including

a) al graphical description or plan_of the installation indicating the position and extgnt of
areas belonging to zones with risk-greup class 1 or 2,

b) irfformation on signalling andwarning devices — see 19.3,

c) ngcessary marking and, written warning — see 19.4,

d) irldication of necessary restrictions and protective measures to be taken by the user + see
1P.5,

e) irldication of the necessary information for the operators — see 19.5, and

f) irdication.o0f‘'working procedures that are safe or reduce the risk.

6.1.7 If'a specific hazard is in risk class 3a as defined in Table 3 and cannot be reduced

furth¢rdy-the manufacturer, the manufacturer shall provide detailed information for the|user,
including

a) a graphical description or plan of the installation indicating the position and extent of
areas belonging to zones with risk class 3a,

b) information on signalling and warning devices — see 19.3,
c) necessary marking and written warning — see 19.4,

d) indication of necessary restrictions and protective measures to be taken by the user — see
19.5,

e) indication of the necessary information for the operators — see 19.5,

f) indication of the necessary personal protective equipment to be worn by the operator
when attending, and

g) indication of working procedures that are safe or reduce the risk.
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6.1.8 If a specific hazard is in risk—greup class 3 as defined in Table 3 and cannot be
reduced further by the manufacturer, the manufacturer shall provide detailed information for
the user, including

a) a graphical description or plan of the installation indicating the position and extent of
areas belonging to zones with risk-greup class 3,
b) information on signalling and warning devices — see 19.3,
c) necessary marking and written warning — see 19.4, and
d) indication of the necessary information for the operators — see 19.5.
c A A A : stife to
levels near exposure limits. Adequate risk reduction ellmlnates a hazard, or if<this is

impopsible, reduces exposure to the technical limit. The adequate use of exposure\limifits is
the r¢sponsibility of the user.

6.2 | Significant hazards

Provisions for protection against-varieus—types—of the identified significant hazards definged in

Annegx A are specified in Clauses 6 to 17.-Annex-A-—provides—alistbf significant-hazxards
relevantfor the-application-of this-standard-

Verifjcation of compliance with the provisions of this document shall be done according to
Clauge 18.

6.3 | Physical environment and operating conditions for the installation as such and
electrical equipment outside the processing equipment

6.3.1 The EH or EPM installation or equipmént and its electrical equipment not placed
inside the processing equipment shall be suitable for the physical environment and operating
condj|tions of its intended use.

When special conditions apply or the limits specified in 6.3 are exceeded, an agregment
betwgen the manufacturer and user may be necessary.-tn-this—case—4-1+-and-AnnextBof

!Er‘ d ﬁ’)n/i 1 ')nn’: and ||:P Rn’)ﬂA 1 ’)On‘:/Al\lln‘l ’)an are appllcab!e 'For Lv/ Sta!latlon“ and
4. VARTS ons- use 4.1 of
IEC ( 0204 1: 2016 is applicable for LV installations and 4.1 of IEC 60204-11:2018 is

applipable for HV installations.

6.3.201 The EH or“EPM installation or equipment shall not generate electromagnetic
distufbances above levels that are appropnate for its intended operatlng environment.—n

additlon the egdibment shall h
agaHonh—the t SAaHh

itcaf

6.3.3 The EH or EPM installation or equipment shall be capable of operating safely ip the
intended ambient air temperature. The minimum requirement for all electrical equipment is
safe operation at air temperatures between 5 °C and 40 °C.

6.3.4 The EH or EPM installation or equipment shall be capable of operating safely when
the relative humidity does not exceed 50 % at a maximum temperature of 40 °C. Higher
relative humidity is permitted at lower temperatures (e.g. less than 90 % at 20 °C). The EH or
EPM installation or equipment shall either be able to operate safely if condensation
happens occasionally or the manufacturer shall avoid condensation by design—ef-the
eguipment or, where necessary, by additional measures (e.g. built-in heaters, air conditioners
or drain holes).
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6.3.5 The EH or EPM installation or equipment shall be capable of operating safely at air
pressure expected at up to 1 000 m altitude and under a wide range of climate and weather
conditions. The lower ambient pressure limit shall be 85 % of normal sea-level atmospheric
pressure, unless agreed differently between the manufacturer and the user and specified in
the instructions for use.

For equipment intended to be used at higher altitudes or lower air pressure, it is necessary to
take into account the reduction of the dielectric strength, the switching capability of the
devices and the reduction of the cooling effect of the air caused by reduced density.

6.3.6 The electrical equipment of the EH or EPM installation or equipment shall be
adequately protected against the ingress of solids and liquids according to 14)3 of
IEC $0204-1:20052016 for LV equipment. It shall be adequately protected. against
contaminants (e.g. dust, acids, corrosive gases or salts) that can be present in the-physical
envirponment for which it is intended.

6.3.7 When the EH or EPM installation or equipment-is or parts of it“are expose¢d to
radiation (e.g. MW, UV, laser or X-ray), additional measures shallbe taken to avoid
malfynctioning of the equipment, accelerated deterioration of, the insulation, etal
degradation or corrosion due to radiation induced effects.

6.3.8 Undesirable effects on the EH or EPM installation’ or equipment caused by
vibrafion, shock and bump (including those generated by ¢he”installation and its assocjated
equigment and those created by the physical environment) shall be avoided by the selgction
of sujtable equipment, by mounting it away from the egquipment creating the vibration or ghock,
or by| provision of anti-vibration or anti-shock mountings.

6.3.90 When the EH or EPM installation or equipment or parts of it are exposed to plasma,
corrgsive chemicals or other adverse agentss additional measures shall be taken to avoid
malfynctioning, accelerated deterioration ,0f'the insulation, metal degradation or corrpsion
due fo radiation induced effects.

6.4 | Physical environment and-operating conditions for electrical equipment-insidp
caused by operation of the processing equipment

6.4.1 The electrical equipment of the EH or EPM installation or equipment placed
inside or near the processing equipment shall be suitable for the physical environment{ and
operating conditions eflits intended use. Physical conditions inside or near the procesgsing
equipment cover-ancextfemely a wide range of different environments; it may be necessary for
the manufacturer.and user to agree on these conditions.

6.4.2 Thel electrical equipment shall be capable of operating correctly under ngrmal
operrtion and single fault condition

a) af the intended temperature levels inside-ernear and outside the processing equipment,

b) at the humidity levels inside—or—near and outside the processing equipment (extreme
humidity levels or strong condensation can be expected as well as total immersion),

c) at intended atmospheric conditions—and—pressures inside—oer—near and outside the
processing equipment,

d) under prevalent electric and magnetic fields inside—ernear and outside the processing
equipment, and

e) atintended pressure differences between the outside and inside of the equipment.
6.4.3 Electrical equipment shall be adequately protected against the ingress of solids and

liquids, in particular against contaminants (e.g. dust, acids, corrosive gases or salts) that are
expected to be present inside-ernear and outside the processing equipment.
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6.4.4 When electrical equipment inside the processing equipment is exposed to radiation
(e.g. MW, UV, laser or X-ray), additional measures shall be taken to avoid malfunctioning of
the equipment-and or accelerated deterioration of the insulation caused by the radiation.

6.4.5 Undesirable effects on the EH or EPM installation or equipment caused by
vibration, shock and bump generated by the processing equipment and those created by the
physical environment shall be avoided by selection of suitable electrical equipment, by
mounting it away from the processing equipment, or by provision of anti-vibration mountings.

6.4.6 When electrical equipment inside the processing equipment is exposed to plasma,
corrosive chemicals or other adverse agents, additional measures shall be taken to avoid
malf%nctioning of the equipment, accelerated deterioration of the insulation,\ metal

degradation or corrosion due to radiation induced effects. This includes effects fromnarcing in

vacujum caused by voltage locally or temporarily exceeding breakthrough voltage.

NOTE| Breakthrough can happen over a very broad pressure range and whenever voltage gxceeds the mifimum
breakfhrough voltage of the atmosphere inside the equipment. Arcs can become self-sustaipinglonce ignited.

6.5 | Power supply

6.5.1 The installation shall be designed to operate correctly upder normal operation with
the cpnditions of the supply network

5 specified below, or

5 specified by the manufacturer in the case of\a special source of supply such 3s an

a
— ap otherwise specified by the user and acknowledged by the manufacturer, or
a
ohboard generator.

For mains frequency supplies, the following, according to I[EC 60204-1:2016, applies, upless
othenwise explicitly agreed-en-by between thésmanufacturer and the user:

a) sfeady state voltage in the range of 90*% to 110 % of nominal voltage;

b) frequency in the range of 0,99,.t0°1,01 of nominal frequency continuously;—accordihg-te
aE

- 0,98 to 1,02 shortitime (no excessive temperature rise in components due to
abnormal current).

For gpecial supply systems such as onboard generators, the limits given may be exceeded
provided that the equipment is designed to operate correctly under those conditions.

6.5.2 In case of failure or fault of the electric supply, the installation or equipment shalj

a) shallnet deinto—unsafe a safe mode of operation-er — it shall not go into single [fault
condition,/especially shall not start unexpectedly, shall not be prevented from stoppjng if
the stop.command has been given, shall not eject or let fall any part or workload upless
protection is provided for this case,

b) s not Tose the seffing of the switchgear, confrolgear or programmable confroller
necessary for safe operation,

c) shall be able to keep all protective devices fully operational or let them give a stop
command, and

d) shall be able to cool down without causing a hazard; this can require the prolonged
operation of cooling equipment.

6.6 Access

6.6.1 The EH or EPM installation or equipment shall allow safe access to all areas where
intervention is necessary during operation or maintenance. The equipment shall be so
designed and installed that all devices and components that are intended to be accessible,
observed or seen by the operator are accessible or visible to the operator.
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6.6.2 Risks shall be reduced by limiting or preventing the access to-the any hazard or to
the any hazard zone. Limitation of access to surfaces or parts that can cause a hazard or of
access for entering a hazard zone depends on the hazard itself, its type (immediate or
exposure dependent) and the strength of the source of the hazard (e.g. the temperature of a
surface or the voltage of a live part).

6.6.3 The EH or EPM installation or equipment shall provide protection against
unintentional access to hazardous-live parts or against unintentional entering the high-
voltage hazard zone-shall-beprovided in all cases where either there is no barrier or
enclosure, or where barrier or enclosure are to be removed to gain access to devices
requiring manual operation or to components requiring replacement.

The access path to the device and the space needed for its operation shall bessuch that
protgction against unintentional contact with hazardous-live parts or against unintentignally
entelling the high-voltage hazard zone is provided by an appropriate distance.

Obstlacles protecting against unintentional contact shall be provided if the“access path or
spacg has less than the appropriate distance from hazardous-live parts:

6.6.4 The degree of protection shall be not less than IPXXB (also complied with by I[P2X)
of IHC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013 from the
direction of approach to the-device—orcomponent hazardots=live part, and not less|than
IPXXA (also complied with by IP1X) of IEC 60529:1989¢ [EC 60529:1989/AMD1:1999 and
IEC $0529:1989/AMD2:2013 from other directions.

6.7 | Ergonomic aspects

The physical and physiological stress faced by the operator during normal operation and
intended environmental conditions shall be reduced to a possible minimum. In this regard, the
main|objectives are the following:

a) apoid a work rate determined by thednstallation only;

b) apoid monitoring of the installation or its control unit that demands lengthy concentration;

c) al|low for the variation inthe strength, stamina or physical dimensions of different
operators;

d) allow for sufficient space for the movements of the operator;

e) afapt the control gnit and other interfaces to the foreseeable variation in characteristic of
operators.

The provisions(efISO 6385:2016 apply.

6.8 | Transport and storage

6.8.1L_~"Eleetrieal The FH or EPM installation or equipment shall be designed to withstand
the effects of transport and storage at temperatures within a range from —-25 °C to 55 °C and
for short periods not exceeding 24 h at up to 70 °C. Otherwise, suitable precautions shall be
taken to protect the electrical equipment against such effects. Suitable means shall be
provided to prevent damage from humidity, vibration and shock.

6.8.2 The EH or EPM installation or equipment shall be designed for simple removal and
refilling of working fluids, if these working fluids may freeze or otherwise harm the equipment
during storage or transport. The manufacturer shall inform the user about procedures for
removal and refilling of any working fluids in the instructions for use.

NOTE Eleetrical Equipment susceptible to damage at low temperatures includes PVC insulated cables, certain
electrolytic capacitors or equipment using cooling-water liquids that can freeze.
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6.9 Provisions for handling

6.9.1 Any EH or EPM installation or equipment shall be capable of being handled and
assembled safely.

6.9.2 Any part of an EH or EPM installation or equipment that cannot be moved by hand
shall be-fitted-with-attachments enabled for lifting by adequate equipment. The manufacturer
shall supply instructions for lifting or handling when applicable.

6.9.3 All parts shall be easily assembled by use of appropriate provisions or lifting gear.

6.10| Consumables and replaceable parts

Condumable or replaceable parts that are intended to be replaced by the operater-shgll be
integrated or mounted in a way that replacement is uncomplicated and safe swith regard to
corrgct and unambiguous mounting and to electrical connection.

7 PRrotection against hazards from electric shock

71 General

Clausge 7 applies for EH or EPM installation or equipment\tat is not covered by the gcope
of IEC 60204-1 or IEC 60204-11, i.e

a) exceeding 40 °C environmental temperatufe, or
b) hpving an electrical processing frequentcy exceeding 200 Hz.
Clause 7 does neither apply for equipment covered by-the lEC 680204 series IEC 602041 or

IEC §0204-11, nor for installations.@p equipment with a voltage exceeding 36 kV, which-is are
covefed by the Particular requirements.

Q.
b3
B
B>
®
D
D
':“
D
D
g

CD

e T

q
q

-

b

P

[

oy

D

« Q.
o)
T P
®

P

B

iy

o
about 1nn I1I—| Con
O

SOt

7.2 | Fundamental.rule of protection

7.21 Hazardous-live parts shall not be accessible and accessible conductive parts|shall
not be hazardous-live—either during normal operation, or under electric single [fault
condition.

7.2.2— For HVimstattatioms—orequipment,—enterimg—the—HV—high=voitage—hazard—=zone is
considered the same as touching a hazardous-live part.

7.2.3 Non-accessible parts are—al such hazardous-live parts or high-voltage hazard
zones which are beyond the limits of reach — i.e. contact is not possible as defined in
ISO 13857:2008 during normal operation or in electric single fault condition.

7.2.4 Protection during normal operation is provided by basic protection (see 7.4), and
protection in electric single fault condition is provided by fault protection (see 7.5).
Protection by enhanced protective provisions as defined in 5.34 of IEC 61140:20042016 is not
sufficient for any installations or equipment under the scope of this document.
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7.3 General provisions

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

7.3.2 Exposed conductive parts of the installation or equipment shall be connected to the
protective bonding terminal. This includes all parts, which are covered only by coatings like
paints, varnishes, lacquers and similar products. Not included are conductive parts, which can

be topchedbutare separatedfronm hazardous=tive parts by protective separatiom

7.3.3 If the installation or equipment is not completely covered with conductivé/partg, the
following applies to accessible parts of insulating material. In the following cases) accegsible
surfalces of parts of insulating material-which shall be separated from hazardous<live paits:

— if|they are designed to be gripped; or

— iff they are likely to come into contact with conductive surfaces, which can distribute
hhazardous potential; or

— iffthey can come into significant contact (area more than 56 mm x 50 mm) with a part of
the human body; or

— if|they are to be used in areas where the pollution is highly conductive.
In this case, they shall be separated from hazardous-live parts by

a) dpuble or reinforced insulation, or
b) bpsic insulation and protective screening,-or
c) alcombination of these provisions.

All qther accessible surfaces of pafts of insulating material shall be separated [from
haza'Ldous-live parts by at least basic insulation. For all equipment intended to be part of

the ipstallation, the basic insulation shall be provided during assembly and installation gither
by the manufacturer or by the-user as indicated by the manufacturer in the informatidn for
use.

The equirements are deemed to be complied with if

a) the accessible ‘parts of insulating material provide the required insulation and |their
temperature does not exceed the limits defined in Clause 10, and

b) the switchboard is made from metal and driving axles of switches, turn-knobs or similar
are effectively brought to earth potential in all positions.

7.3. The design of the installation or equipment shall restrict access to-HV high-vo|tage
hazard zones. The need for operational and mainienance access by operators shall be taken
into account. Where safe distances cannot be achieved, permanent protective shielding shall
be installed. Access through doors or obstacles shall only be possible with the use of a tool.

Applicable warning labels shall be displayed on all access doors, guards, barriers, and be in
compliance with 19.4.

7.3.5 If it is not feasible for operating reasons to prevent the following LV parts being both
accessible and hazardous-live, they are permitted to be accessible by an operator during
normal operation:

a) parts of lamps and lamp sockets after lamp removal;
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b) parts intended to be replaced and which can be hazardous-live during the replacement or
other operator’s action, but only if they are accessible with a tool and have a warning
marking — see 19.4.

7.4 Basic protection

7.41 All installations or equipment under the scope of this document shall be provided
with basic protection.

a) r LV installations or equipment, in the absence of a specific standard listed in Taljle 2,

all basic protection shall be in compliance with IEC 60364-4-41:2005 and |EG'603p4-4-
411:2005/AMD1:2017.

b) Fpr HV installations or equipment, in the absence of a specific standard listed in Taljle 2,
a|l basic protection shall be in compliance with 7.4.

7.4.2 Basic protection shall consist of one or more provisions that, atyleast during ngrmal
operption prevent contact with hazardous-live parts.

7.4.3 Where solid basic insulation is used, it shall prevent contact with hazardoug-live
parts.

In case of HV installations and equipment, a voltage e¢an be present on the surface of[solid
insulation and further precautions may be necessary:

Whefe basic insulation is provided by air, access to hazardous-live parts or entering the
hightvoltage hazard zone shall be prevented by obstacles, barriers or enclosures as
specified in 7.4.4 and 7.4.5, or by placing them out of arm's reach according to
ISO 13857:2008.

Whele a conductive obstacle is separated from hazardous-live parts by basic insulation
only,|it is an exposed conductive part and measures for fault protection shall be applied.

7.4.4 Barriers or enclosures preventing access to hazardous-live parts or entering the
hightvoltage hazard zone shall provide a degree of protection of at least IPXXB [(also
compglied with  by~~NP2X) of [EC 60529:1989, IEC 60529:1989/AMD1:1999 | and
IEC §0529:1989/AMD2+2013.

Barriers or enclosures shall have sufficient mechanical strength, stability and durabillty to
maintain the'specified degree of protection, taking account of all relevant influences from the
environment and from inside the enclosure —1S0-141419-and 1SO 14120:2015 shall be |used
for their design.

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

with the use of a key or tool, or

— after isolation of hazardous-live parts from the supply network where the enclosure
would no longer provide protection, restoration of the supply-shal-become being possible
only after replacement of barriers or parts of enclosures or after the closing of doors, or

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

— in case no tool or key is required, if an interlock according to ISO 14119:2013 that cuts
out the hazard immediately is used.
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Barriers or enclosures shall be designed or made from such material that no hazardous
induced currents can be created in them.

7.4.5 In the case of HV installations and equipment, substantial inequalities of electric field
strength in or along an insulator or insulation shall be reduced to a safe level, or avoided
through constructional measures, or through potential grading. This shall prevent the
operator from hazardous step and touch voltages.

NOTE Potential grading is typically used for electrical installations, where high earth currents occur.

7.4.6 At frequencies exceeding 200 Hz, potential grading of the circuit shall be controlled
by thgTollowing means.

a) If earthing is necessary for reasons of equipment design, any constructional parts qf the
installation shall not be relied upon. A separate low reactance conductor forming a direct
ppth between the generator and the processing applicator shall be provided: instead.

b) The voltage drop shall not exceed 5 V RMS over any distance of the installation thaf can
be-touched bridged by a person at once, if the conductor currents exceed 500 A, upless
access is hindered to the installation by sufficient barriers or enclosures (refer to 7.4.4).

NOTE| This limitation of the geometric extent is due to electromagnetic wavescand their propagation resulfing in
unreligble earthing continuity at frequencies above approximately 100 kHz.

7.5 | Provisions for protection in electric single fault-protection condition

7.51 Fault protection shall consist of one or more provisions independent of and addifional
to thpse for basic protection. Individual provisions fori\fault protection are specified in 7.5.2 to
7.5.78.

7.5.2 Electric single fault condition shalldbge considered, if it can cause

a) ah accessible, non-hazardous-live part to become a hazardous-live part, or

b) ah accessible conductive part which is not live during normal operation to become a
hpzardous-live part, or

c) alhazardous-live part to become accessible.

7.5.3 To meet the fundamental rule under electric single fault condition, fault protgction
shall[be achieved by a further protective provision, independent of that for basic protegction
(7.3-4). The independent'single fault protection shall be provided

— fqr LV installations or equipment, in the absence of a specific standard listed in Table|2, in
compliancewith IEC 60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017, and

— fqr HV installations or equipment, in the absence of a specific standard listed in Table| 2, in
cpmpliance with 7.5.

7.5.4 Each of the two independent protective provisions (fault protection and pasic
protection) shall be designed so that a failure is unlikely under environmental conditions
specified in 6.3 or 6.4 and under normal operation or electric single fault condition.

The two independent protective provisions shall have no influence on each other.

NOTE Simultaneous failure of the two independent protective provisions is unlikely and is not normally taken into
consideration. Reliance is placed on one of the protective provisions remaining effective.

7.5.5 Requirements for protective equipotential bonding are defined in 7.6 and apply
independently.
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7.5.6 Protective screening shall consist of a conductive screen interposed between
hazardous-live parts of an EH or EPM installation or equipment and the part being
protected. The protective screen shall be connected to the protective equipotential bonding
system of the installation or equipment; it shall itself comply with the requirements for
protective equipotential bonding according to 7.6.

7.5.7 Simple separation between a circuit and other circuits or earth shall be achieved by
basic insulation throughout, rated for the highest voltage present.

If any component is connected between the separated circuits, that component shall
withstand the electric stresses specified for the insulation which it bridges and its impedance
shallllimit the prospective current flow through the component to the steady-state\tpuch
curréent values indicated in Annex B.

7.5.8 Supplementary insulation shall be dimensioned to withstand the samg-stresses as
specflfied for basic insulation.

7.6 | Protective equipotential bonding

7.6.1 The protective equipotential bonding system shall conSist of one or a suitable
combination of two or more of the following elements:

a) means for protective equipotential bonding in equipment;

b) eprthed protective equipotential bonding in the installation;

c) protective earthing conductor (PE);

d) protective earthing conductor being a neutral conductor as well (PEN);
e) protective screening;

f) eprthed point of the source;

g) eprth electrode (including earth electfodes for potential grading);

h) eprthing conductor.

Spedific considerations apply foifrequencies well above mains frequency and are given ip the
Partigular requirements.

7.6.2 All parts of the.protective bonding circuits shall be so designed that they are able to

withgtand the highest thermal and mechanical stresses, which can be caused by earthifault

currgnts, flowing in\any part of the protective bonding circuits.-Fer-the-assessment-of short
|

e
circult currents EO.60900-0 shall be used for effects of short circuit currents |IEC 608615
cHett—ecur eSS ov9yuu-v-—Shat—bedSea,toreHeets o+ Short eHedit e eSS 1o B 960

apph

-—
)

T 4
%C

Any ptructural part of the electrical installation or equipment may be used as part of the
protective bonding circuit, in case an earth fault monitoring system is installed.

7.6.3 The equipotential bonding system of an HV installation or equipment shall be
connected to earth because of the special risks, which can be present, for example the
danger of high touch and step voltage and of exposed conductive parts becoming live due to
an electrical discharge. The impedance to earth of the earthing arrangement shall be rated so
that no hazardous touch—veltage current can occur (refer to Clause 18 in connection with
Annex B). Exposed conductive parts, which can become live under fault conditions, shall be
connected to the earthing arrangement.

7.6.4 Accessible conductive parts which could acquire a hazardous effective touch
voltage in the event of a failure of basic protection, i.e. exposed conductive parts and any
protective screen, shall be connected to the protective equipotential bonding system.
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7.6.5 The protective equipotential bonding system shall be of sufficiently low impedance to
avoid hazardous potential difference between parts in case of an insulation failure and, if
necessary, be used in association with a protective device operated by the fault current.

This can necessitate consideration of the relative impedance values of the different elements
of a protective equipotential bonding system. The difference in potential need not be
considered if the impedance of the circuit limits the steady-state touch current in the case of
an electric single fault condition so that it cannot exceed 3,5 mA RMS for frequencies up to
100 Hz or 10 mA for direct current applications when measured in accordance with Clause 18.
In some environments or situations, for example highly conductive locations or wet areas, the
limiting values shall be lower.

7.6.6 All parts of the protective equipotential bonding shall be so dimensioned“that thermal
and fynamic stresses, which are likely to occur due to a fault current, do~not impair the
charz[cteristics of the protective equipotential bonding system as a consequence of a failyre or

bridging of basic insulation. Some local damage, not impairing safety, for'example of a sheet
metal part of an enclosure, may be accepted at the place where the fault)occurs.

7.6.7 All parts of the protective equipotential bonding shall be(capable of withstanding all
intermal and external influences (including mechanical, thermal and corrosive) which can
occuf during the expected lifetime of the installation.

If pafts need to be checked regularly or maintained, the manufacturer shall indicate this in
the information for use.

Movgble conductive connections, for example hinges and slides, shall not be considered fo be
parts| of a protective equipotential bonding system unless compliance with the requirements in
7.6 i3 maintained.

Whefe a component of an installation '0r'equipment is intended to be removed, the protgctive
equigotential bonding for any other part of the installation or equipment shall nqt be
interqupted when removing the.component unless the electrical supply to the other part is
discdnnected first.

No dlement of the protective equipotential bonding shall contain any device which ¢ould
reasgnably be expectedto break the electrical continuity or to introduce significant impedance,
with |the exception” of components intended to be removed. This requirement maly be
dispgnsed only temporarily for the verification of the continuity of protective conductors ¢r for
the njeasure ofthe current of the protective conductor — see Clause 18.

Where elements of the protective equipotential bonding can be interrupted by the
coupler or plug-and-socket-outlet device as the relevant supply conductors| the
i i i i i i ptors.
The protective equipotential bonding shall be re-established not later than when the supply
conductors are reconnected. These requirements do not apply when interruption and
reconnection are only possible with the equipment in de-energized condition.

7.6.9 In HV installations and equipment, the protective equipotential bonding shall not be
interrupted before the main contact has reached an isolating distance which can withstand the
equipment rated impulse withstand voltage.

7.6.10 Conductors of the protective equipotential bonding, whether insulated or bare, shall
be readily distinguishable by shape, location, marking or colour, except those conductors
which cannot be disconnected without destruction, for example in wire-wrap and similar wiring
in electronic equipment and tracks on printed wiring boards. If identification by colour is used,
it shall be in accordance with IEC 60445:2017.
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7.6.11 In LV equipment, the protective conductors or the continuity of the protective bonding
system shall be in accordance with 8.2 of |IEC 60204-1:20052016. This includes the
requirements on the exclusion of switching devices, parts that need not be connected, and
interruption.

Protective connector connection points, protective bonding in installations with earth leakage
current exceeding 10 mA, and functional bonding shall be in accordance with 8.2 and 8.4 of
IEC 60204-1:200852016.

7.6.12 In LV equipment, track rails may be used as a return circuit, provided that under fault
conditions, the impedance of the circuit is _sufficiently low to limit the step and contact
voltapes between the rails and the adjacent earth to values not exceeding 25 V RMS aor|60 V
DC.

7.6.13 The earth, protective conductors, sheaths and structures shall not be Gsed as part of
an agtive circuit, unless specified otherwise in the Particular requirements.

7.6.14 Earthing of secondary circuits shall be avoided unless improvingyoverall safety of the
installation. If secondary circuits are earthed, they shall only be ac¢essible if the voltage of
the spcondary circuit is so low that the touch current limits are met.=refer to 7.9 for detgils.

7.6.15 The means of connection, except for plug-and-socket connections, shall be clearly
identjfied either using symbol IEC 60417-5019:2006-08 (see_Annex G), or with the letters PE,
or byl the bicolour combination of green and yellow. The indication shall not be placed ¢n or
fixed|by screws, washers or other parts, which could{eremoved when conductors are being
conngcted.

For pord-connected equipment, the protectiver conductor in the cord shall be the| last
condlctor to be interrupted in the case of failure of the strain-relief mechanism,

7.6.16 All conductively sheathed cablés, conduits or pipes passing through those parts pf an
enclgsure containing high-voltage circuits in the voltage band 3 shall be earthed at the |point
wherp they pass through the enclosure.

7.7 | Additional provisions for fault protection for frequencies above 200 Hz

7.71 Fault protection\'shall consist of one or more of the measures in 7.7.2 to |.7.5
indegendent of and additional to those for basic protection.

7.7.2 Parts jof‘electrical equipment operating at higher frequencies than 200 Hz shall be
capaple of operating correctly in consideration of skin and proximity effects under ngrmal
operption-and electric single fault condition.

7.7.3 Any supplementary insulation shall be dimensioned to withstand the same strgsses
as specified for the basic insulation. In addition, insulating materials shall have sufficiently
low dielectric loss factors at the working temperature and frequency so that the insulation is
not impaired by dielectric heating of the materials.

7.7.4 All high frequency circuits shall be galvanically separated from the mains frequency
earthing system. Failure of the galvanic separation between the circuit and the mains
frequency earthing system which could result in accessible parts acquiring a hazardous
effective touch voltage shall be detected by a protective device operated by the fault
voltage and result in disconnecting and de-energising the circuits.

High frequency earthing may be directly connected to the mains frequency earthing system, if
this reduces the associated risks compared with a galvanic separation; details are provided
in the Particular requirements.
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7.7.5 The separated low resistance conductors constituting the main current path from the
circuit frequency source to the processing applicator or similar shall comply with the following.

a) They shall be capable of withstanding all internal and external influences (including
mechanical, thermal, corrosive, glow discharge) which can be expected.

b) They shall comply with the highest occurring voltage under any electric single fault
condition, if the conductors are accessible during maintenance; their electric insulation,
and their current-carrying capacity shall be such that they do not overheat during any
foreseeable single fault condition; if excessive currents can occur with such duration
under any foreseeable electric single fault condition that overheating occurs, a current-
sensing device that permanently switches off the equipment before the conductor
pfoperties are compromised shall be nstalled.

c) They shall not be removable without the use of a tool.

d) Ifit is necessary for reasons of equipment design to include a separable disconnectipn of
the main circuit conductor for maintenance, its plug and socket shall be | mechanjcally
cpmbined with a safety circuit preventing energising of the main “circuit during
djsconnection and there shall be a latching or similar device incorporated in the plug and
spcket system, as well as sufficient insulation to the exteriéry for non-hazandous

disconnection; these requirements do not apply if separation/-is needed only during

installation and decommissioning and is then only possible with'the use of tools.

e) The connection of the separable circuit conductor shall bé re-established not later|than
when the supply conductors are reconnected; this requirement does not apply when
interruption and reconnection are possible only with\ the equipment in de-energized
bndition.

c
The circuit electrical connections at the ends shall’\be separated and thus not be combined
with any other electrical connection or the protective equipotential bonding for any pther
pprt of the installation or equipment.

7.8 | Protective-conductorcurrents Currénts in protective conductors

7.8.1 Measures shall be taken in_¢he installation or equipment to prevent excepsive
protective conductor currents impairing safety or normal operation of the installation.
Compatibility shall be ensured for:currents of all frequencies supplied to and produced bl the
equipment.

7.8.2 The following limits ‘are applicable to equipment supplied at mains frequency:

a) for plug-in current"using equipment fitted with a single or multiphase plug and socket-
outlet system rated up to and including 32 A: less than 2 mA for rated current below] 4 A,
l@ss than 5 mA\for rated current exceeding 10 A and 0,5 mA/A in between.

b) fqr current<using equipment for permanent connection and current-using statipnary
efluipment; both without special measures for the protective conductor, or plug-in cyrrent
sing(equipment fitted with a single phase or multiphase plug and socket-outlet system,
ratéd,more than 32 A: less than 3,5 mA for rated current below 7 A, less than 10 mA for

4 ! 4 H an A PN - ALA ook
ratea—current CALTCUNTY 22U A dlTU U, 0 TITATA TITT UTLWTTTIT.

C

If residual current devices are provided in the installation, the protective conductor current
shall be compatible with the protective measures provided.

In normal operation, mains frequency equipment shall not generate current with a DC
component in the protective conductor which could affect the proper functioning of residual
current devices or other equipment, unless a residual current device is chosen, that allows for
DC current in the mains circuit.

7.8.3 For current-using equipment intended for permanent connection and having a
protective conductor current higher than 10 mA, provision shall be made for a secure and
reliable connection with earth such as described in IEC 60364-5-54:2011.
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Touch current and touch voltage

icable risk classes.

Touch currents causing harm shall be avoided. No part or surface that can ¢

nts—and—toeuch—voltages accessible. Limits to maximum ~allowable touch cur

hding on the frequency of the generating field are provided~in Annex B together

IEC TS 68047914 and lEC TS 6804792
HEo—+oov4-u-—+aRctET 1o V4oL

ause

when touched shall be—within—arm's—reach—AnnexB—informé-abouttlimitsforfouch

ents
with

7.9.2
fault

7.9.3

If touch currents can be perceived eitherSin normal operation or electric s
condition, the manufacturer shall indicate\tfiis to the user in the instructions for ug

oper

a)

Q

b) in

o Q

7.10

7.10.
thus
dime

7.10.

If parts that can cause non-harmful touch currents need to be touched in nag
[tion, the manufacturer shall

ply warnings and markings according to AnnexG, and

ppropriate; such procedutes may include grasping to avoid harm for touch curi
elow the let-go threshold,

Conductors andiinsulations at high temperature

1 The effect of decreasing conductivity with temperature of conductor materialg
increasing.YJoule heating of undersized conductors shall be taken into account
hsioning-eénductors. IEC 60364-4-42:2010 and IEC 60364-4-42:2010/AMD1:2014 af

2 , All conductors shall be able to operate at their maximum expected environm

ngle

rmal

dicate in the information«for use specific handling procedures for the operafor if

ents

and
vhen

ply.

ental

temp)

eratdre without overheating. They shall be made from conductive material that doe

5 not

degrade at the stationary conductor temperature over the intended lifefime. Their insulation
shall be made from material that does not degrade or disintegrate over the intended lifetime.

The manufacturer shall indicate to the user if conductors or insulations have an intended
lifetime less than that of the EH or EPM installation or equipment and need replacement; he

shall

indicate inspection and maintenance intervals.

7.10.3 The effect of increasing conductivity with temperature of most insulating materials

shall

7.10

be considered as this can lead to hazardous leakage currents.

sufficient insulation, secondary insulating means shall be introduced.

NOTE

Conductivity of all insulating materials increases with temperature.

.4 If the insulating material at the maximum expected temperature does not provide


https://iecnorm.com/api/?name=f7278026021e96654bee914b74f18353

IEC 60519-1:2020 RLV © IEC 2020 - 45—

7.11 Non-electric faults

Such single fault condition shall be taken into account where a fault of mechanical or
thermal origin leads to parts becoming live — for example the destruction of non-conducting
insulation, the flow of liquid metals into non-conductive insulation, or a dislocated
conducting charge connecting conductive elements.

8 Protection against hazards-caused-by from electric or magnetic-nearfields
fields

8.1 GUIIUIG;

8.1.1 Clause 8 specifies provisions for frequencies between 0 Hz and 6 MHz egoncerning
hazafds caused by magnetic, electric or electromagnetic—nearfields fields. Rrovisions for
highar frequencies and for propagating fields are provided in the Particular requirements.

8.1.2 The EH and EPM processing equipment shall be designed and“operated so pgs to
protect the operator and the environment from harmful effects—ef caused by magnetic—er,
electfic-nearfields—and-from-EMF or electromagnetic fields. Secondary phenomena su¢h as
the cfeation of ozone by discharges, induced currents or induced yoltages shall also be faken
into account.

8.1.3 Annex D provides the relevant rigk classes and limits for electric and magnetic figlds.

8.2 | Magnetic fields

8.2.1 The equipment shall- be' so designed that the maximum accessible magnetic|field
level|and characteristics do(not cause a risk. Barriers or screens shall hinder exposufre to
hazardous fields and be designed as defined in 8.5.

8.2.2 All hazard zones where risk-greup class 1 conditions exist during normal operation
or irl electric single fault condition shall be indicated by the manufacturer in the
information foryuse and a warning symbol defined in Annex G shall be provided outside the
zone

8.3 | Magnhetic fields below 1 Hz

8.3.1 In case of static magnetic fields, the manufacturer shall indicate in the information
for use safe behaviour for maximum allowed accessible B value level exceeding the limit for
risk-greup class 1. This includes specifying slow bodypart movement in and out of the field —
time for full entry into the static magnetic field shall exceed a time of 1 s.

8.3.2 Exceptional exposure can be allowed for an operator not carrying or wearing any

metal objects and not having implants of any kind, if-optical-eraudible-warning-devices—are-in
place—and-the following-requirement-is—met the manufacturer-shall-indicate indicates to the
user-if-applicable

a) the need for slow movements in static magnetic fields, especially to slow the bodypart
movement into and out of the field to a time being longer than 1 s, if the maximum
accessible B value level exceeds 200 mT, and
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b) the necessity to instruct and warn persons carrying any metal objects or having metallic
implants of any kind not to enter regions exceeding occupational limits.

8.4 Local electric fields

8.4.1 Clause 7, especially 7.9, applies. High-voltage hazard zones shall be non-
accessible by any body parts.

8.4.2 The continuity of the earthing of all conductive accessible parts shall be provided in
normal operation and electric single fault condition.

8.4.3 [onizafion phenomena, which can occur at high temperatures under high elgctric
fieldq, shall be taken into account in the design of insulation distances along surfaces |or in
air. Rarticular care shall be taken in case of metallic vapour emission, splashes, pallutign, or

similar,-according to 1EC 60664-1.

8.4.4 Corona discharges at high field intensities can create ,hazardous qgzone
concentrations and shall be limited. The manufacturer shall indicate tq the user if rel¢vant
ozong is generated in normal operation or single fault condition.

NOTE|
NOTE

8:3-
cause j j - - j ;

8.5 | Requirements related to barriers and screens

8.5.1 A non-conductive, non-magnetic barrier is not considered as protective megsure
othel than hindering access, like an obstacle.

8.5.2 Conductive screens guiding-or absorbing the field and being protected from direct
touch shall have sufficient conductivity and be located in a way that they cannot overhgat in
normal operation or in electrielsingle fault condition. They shall-under-these-conditions
neither—cause—a-hazard-duesfeexcessive—heat exceed the temperature limit for touchable
surfa es as deflned m Clause 10 nor shall their |ntegr|ty of protect|on be compromis¢d.—H

8.5.3 Conductive_screens which are accessible for direct touch shall have sufficient
condpctivity and<be located in such a manner that they cannot overheat in normal operation
or in|electric_single fault condition. They shall-under-these-conditions neither exceef the
tempgrature limit for touchable surfaces as defined in Clause 10 nor shall their integr|ty of
protection-be compromised.

8.5.4—Alt—conductive—screens—shatthaveamatertat-thickness—that—exceeds—the—energy
penetration depth by a factor of 3 and thus fulfil the following formula:
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_ 3
- (1)
\/47r><fxa(f)x,u0 X
where
Lo =47107" and is the magnetic constant in Q s m-;
Uy is the relative permeability;
f is the frequency in Hz;

U(f) is the material and temperature dependent conductivity in Q-1 m-?

NOTE| Some magnetic field leaks through if the plate is thinner. It can be difficult to fulfil the\requiremgnt for
frequgncies below 100 kHz and it is typically impossible below about 10 kHz.

8.5.5 The geometric extent of a conductive screen shall be such that™no hazardous|field
extends over its reach.

8.5.6 Other measures for stray field control may be indicated; thiese can be

field filtering window for visible access to the working area; or

[V

— ap array of well-placed magnetic objects of sufficient permeability.
8.6 | Requirements related to objects worn, carried)or held by persons

8.6.1 Metallic objects near the processing equipment can be heated by strong induced
currgnts, even if the requirements of 8.4 and 86-are complied with. Ferromagnetic mategrials
such|as in tools can be strongly heated by the‘magnetic field.

8.6.2 The hazard of heated up metallic or semiconducting parts shall be considgred.
Inforination on relevant fields is provided in Annex BD. The manufacturer shall indicate
hazafd zones to the user and proper written warning for this region shall be provided ip the
information for use and proper warning signs shall be provided outside the zone.

Magnetic objects can be exposed to strong mechanical forces and cause a hazgrd in

ar strongstaﬂe magnet|c fields and f|eld gradients of static fields or low frequency flelds.
B , - All zones where such risk can exist during
normal operation' _or in electric single fault condition shall be indicated by] the
mantifacturer in.thé information for use and proper warning signs shall be provided outside

ic or

ed in
Annex BD. The manufacturer shall |nd|cate th|349¢eb+em to the user and proper cautions for
this region shall be provided in the information for use.

8.6.5 The manufacturer shall indicate, in the information for use, with respect to static
magnetic fields

a) if very strong forces are expected when fields are varied, especially when the field is
switched on or off,
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b) that operators or ordinary persons having implants of any kind (for example metallic,
semiconducting or medical electronic devices) or wearing any objects made from metal or
semiconducting material shall only attend any zone of risk class 1, and

c) that operators or ordinary persons carrying any metal objects be instructed about the
need of slow movements and that a special optical or audible warning device is in
operation indicating the existence of such a field.

8.6.6 The manufacturer shall indicate in the information for use with respect to static and
alternating magnetic fields

a) that operators-or-erdinary-persens carrying any metal objects or having implants of any

tend any zone of risk-greup-2 class 1 or higher — sufficient marking and proper-wa
gns shall be provided outside the zone, and

b) that operators or ordinary persons attending any zone of risk-group—1-or-higher clgss 2
shall never wear objects like metal necklaces, bracelets, rings, objects thaff are
magnetisable or objects made from silicon, carbon or similar.

k
a
s

9 Protection against hazards from radiation

9.1 General

9.1.1 The EH or EPM installation or equipment shall provide protection against effe¢ts of
intermally generated ultraviolet, ionizing, visible, infrared,@nd microwave radiation, incliiding
radiation from laser sources.

This document does not differentiate between-different the possible sources of radiation|(e.g.
emitter, workload or-wall furnace lining) with réspect to classification or emission. Different
phases of the life cycle of the EH or EPM-jastallation or equipment can cause different
levels of radiation emission and shall be treated separately.

9.1.2 The following effects—shall-be-taken-into—accountas—they can lead to unintended

hazafdous-exposure emission andshall be taken into account:
mission of radiation through openings for entrance and exit of workload belonging to
bntinuously operating proctessing equipment;

e
c

emission of radiatioh. through doors of batch processing equipment which are egither
opened or stay opéen during the process;
e
o}
c
e

mission of radiation when doors of the processing equipment are opened and the inside
the processing equipment, the workload, furnace lining or heating elements have not
boled down in advance;

mission of radiation-by-a-very-hot from a workload after leaving the installation;
— emissions becoming accessible during-aecessfor maintenance, commissioning or testing;

— i emission from heating elements that are operated outside the processing equipment;

— if reflectors, refractors or reflective walls inside the EH or EPM installation—cause or
equipment causing zones of intense irradiation outside-the-installation;

9.2 Installation or equipment generating ionizing radiation

9.21 In the case of EH or EPM installation or equipment not intended to emit ionizing
radiation, the effective dose rate of unintended stray radiation at any accessible point 100 mm
from the outer surface of the equipment shall not exceed 1 nSv/h unless a national regulation
stipulates a different dose.
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9.2.2 The EH or EPM installation or equipment shall be so constructed that
compartments in which electrons are accelerated by voltages exceeding 5 kV cannot be
opened without the use of a tool. Sufficient information for use shall be supplied by the
manufacturer.

9.2.3 Specific provisions for EH or EPM installation or equipment intended to emit
radiation are given in the Particular requirements.

NOTE Equipment that emits ionizing radiation is-in-mest-countries usually regulated by national authorities. These
regulations—usualy address both the emission of radiation from the equipment and the cumulatwe dose of

radiation that can be received by the operator or ordinary person.
are Direstinve. Qa/20/E1IRDATOM for thg E::rnnnan Llnicon and documant 20 CED 1010 1008 for thg LISA

9.3 Ultraviolet radiation

9.3.1 Annex C provides the applicable restrictions and necessary informatigh to the Juser
for hpizards to operators and bystanders as well as the emission risk classe§\er EH or|EPM
instdllation or equipment.

Effegts of ultraviolet (UV) radiation include the destruction of biological cells and the
degradation of the materials of enclosures or insulations made (frem plastic. UV radiation
can dtart chemical reactions and fire. These effects shall be taken‘into account as well.

9.3.2 : i i i
; £ U\ radiati . Limiting i lidity.

All pfocesses where hot reactive gases or surfaces’ exceeding 2 500 °C are not completely
shielgded from the outside and all processes involving or employing a plasma being not
completely enclosed are defined as intended to ‘emit UV radiation.

9.3.3 Equipment emitting unavoidableystray radiation though not—designed intend¢d to
provide-external- NV -illumination emit Ulpradiation shall not permit unintentional escape of UV
radiation that could cause a hazard.

In thg casg ofequipment intended to emit UV radiation, the manufacturer shall reducg the
emitted ré@diation and irradiation to levels that either

_ ake haolowg +|’\Q valiine Apofinad |n /\nnav C Ar
S-S 1oW ardeS—aerheat SX—o—6H

— are below the value that can cause a possible exposure hazard to operators, or

— are below the value that can cause a risk through the degrading of exposed equipment.

The lowest emission value applies.
Measures to minimise emission include screens, barriers, locked doors, filtered windows.

9.3.5 If emission exceeds risk class 0,
— applicable warning and marking shall be applied on the EH or EPM installation or
equipment, and

— the manufacturer shall indicate to the user in the information for use the need for
personal protective equipment if hazardous exposure is possible.
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9.4 Visible and infrared radiation

9.4.1 All EH or EPM installation or equipment-or-installations—under-the-scope—of-this

standard shall be so designed and constructed that any emission of infrared (IR) or visible
(VIS) radiation is limited to the extent necessary for their operation and that their effects on
exposed persons are non-existent or reduced to non-hazardous levels.

9.4.2 Annex C provides the applicable restrictions and necessary information to the user
for hazards to operators and bystanders as well as the emission risk classes for EH or EPM
installation or equipment.

Othefwise, the following effects shall be taken into account:

— effects of intense VIS radiation can cause hazards for the human eye;

— irfftense VIS radiation can reduce the ability to see and react to signal lights’or wafning
slgns;

— effects of intense IR radiation include hazards to the human eye and the hazard of bufning
of skin;

— irftense VIS or IR radiation can ignite flammable materials and fluids;

— surfaces or windows acting as optical elements can locally”increase the intensity of
irfadiation outside the equipment.

ity- EH equlpment where hot reactlve gases or surfaces exceeding 600 °
not mpletely shielded from the outside and EH equipment employing hot plasma beinpg not
completely shielded are defined as intended.t0 emit infrared radiation. Intense visible
radiation is usually caused by thermal emitters, exceeding 1 500 °C surface temperaturg, but
hazafds depend on the size and emissivity of the source.

9.4.4 No exclusive reduction or exgclésive filtering of visible radiation shall be done,|as a
reduction of the visual stimulus of radiation increases risk to persons;referto-Annex-C. Fllters
shall|either be grey or primarily reduce the non-visible parts of the emission.

9.5 Laser sources

Egquipment—employing Snastallations or equipment including laser sources shall meet the
requirements of IEC-60825-1:2014.

10 Protectionagainst hazards from thermal influences

10.1| General

10.1.1+——Asidefromrelecircatrazards; Hightemperature—and—thermmatenergy are—the—most
important relevant hazards to consider during all stages of design and manufacture of EH-and
or EPM installation or equipment. Clause 10 covers direct aspects, whereas indirect aspects
of thermal energy are treated throughout this document:

— provisions concerning-hazards—caused-by thermal radiation are given in Clause 9—=as
. | iation:

— provisions concerning fire hazards are given in Clause 11;

— provisions concerning fluids including hot fluids are given in Clause 12.

10.1.2 EH or EPM installation or equipment shall be so designed, installed and operated

that no hazard due to thermal energy or elevated temperature is likely to occur for the
operator or the environment, even in case of unattended operation or inadvertent switching.
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All materials used shall at least withstand the influence of thermal energy and temperature to
which they are exposed during normal operation over the designed lifetime of that part. A
maintenance cycle shall be part of the information for use indicating the replacement cycle, if
the designed lifetime of a part is shorter than the lifetime of the installation or equipment.

10.14 The generalruleforsingle-fault condition-is-that
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All npaterial used shall at least withstand the influence gf\thermal energy or temperpture
reas¢nably expected during single fault condition over a)teasonable period when safgty of
the installation or equipment or any part of it dep&hds on its structural integrity.|This
reasgnable time period shall be at least the time negagsary for detection and removal of that
single fault condition and cooling down of the installation. If any materials or parts shall be
exchpnged after being exposed to thermal epergy higher than that foreseen for ndrmal
operption, this shall be indicated in the information for use.

10.15 In case of large accidents, structural parts of the installation and buildings shpll at
least| withstand the influence of thermal energy or temperature for the time necessafy to
detegt the accident and evacuate the,installation or building.

10.2| Surface temperature limits for protection against burn

All syrfaces intended to be touched for operation of the EH or EPM installation or equipment
or which can be touched unintendedly shall not exceed the temperature limits as st in
1SO043732-1 AnnexE~during normal operation or in single fault condition-unless—national

coguletienesrede s s lenlie

All-efher surfaces exceeding this limit and that are in reach of the operator

b) albarriershallbe pnlaced tonrevent accidentaltouching—or
14 13 7

&} shall be marked accordingly and the risk including possible measures to reduce the risk be
indicated in the information for use, or a barrier shall be placed to prevent accidental
touching.

10.3 Hazards caused by working conditions

The exposure of the operator to thermal stress, hazard of overheating or dehydration shall
be avoided as far as possible. If the operator is to be exposed to excessive heat during
normal operation or single fault condition, the manufacturer

a) shall indicate the need for taking this hazard into account in the information for use, and
b) shall indicate the need for a risk assessment by the user based on the working

procedurese-g—folowingtSO-15265.
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10.4 Heat Temperature resistance of components

10.4.1 All structural parts and enclosures shall be made from material that is sufficiently
heat temperature resistant at all temperatures they-are-expoesed-to may reach during normal
operation or prolonged single fault condition unless 10.1.5 applies.

10.4.2 Enclosures made from plastics or other non-metallic material shall only be used
when, during normal operation or single fault condition, their temperature-neverreaches
does not reach

— the limit of flammability,

—

He limit of structural deformation, or

—

Re limit of decomposition.

10.43 All insulation shall be made from material that is sufficiently heat resistant at all
tempgratures it-is—expesed-te can reach during normal operation or prolonged single [fault
condition. This includes effects from fault currents inside an insulated condugctor.

10.44 Clearance distances between conductive parts shall be sufficient for temperafures
expefted during normal operation or single fault condition.

10.4/5 Creepage distances between conductive parts shall ,be made to incorporatg any
increpse of conductivity of insulating materials used due%to temperatures expected during
nornjal operation or single fault condition.

10.4)6 Mechanical stress from thermal expansionishall not cause deformation which ¢ould
causge a hazard.

NOTE| Such mechanical stress is often caused by\{temperature differences in the equipment structure |or by
mismdtch of the coefficient of thermal expansion of different materials. Both can lead to serious failure.

10.4)7 Any parts or accessories of the processing equipment shall be mounted in sych a
way that they are not subjected to temperatures exceeding the temperature for which thely are
designed.

10.48 General protective\measures against thermal influences on or from the elecfrical
equipment shall be provided according to IEC 60364-4-42:2010 and I|EC 603p4-4-
42:2010/AMD1:2014.

10.49 In the absence of limits supplied by the manufacturer of parts, the maximum
increpse of temperature as defined in Table 3 of IEC 60335-1:2010 and IEC 6(335-
1:2010/AMDJ:2013 applies to materials and parts or components of the installation.

10.5( .Cooling

10.5.1 Where forced cooling of components is employed and lack of cooling can cause a
hazard, provisions shall be made for monitoring the cooling action. If the cooling becomes
insufficient, an alarm shall be given and the equipment shall be switched into a safe state.

10.5.2 If a liquid cooling agent is used and insufficient cooling due to bubble formation-ef or
boiling can cause a hazard,

a) either the temperature shall be kept sufficiently below the boiling point at applicable
pressure or other means shall assure that no bubbles are formed inside the cooling circuit,
reducing heat transfer, or

b) the cooling system shall be designed to operate safely with liquid and gas mixtures.

10.5.3 Released Release of hot cooling liquid or vapour shall not pose a hazard itself.
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10.5.4 Where live parts are liquid-cooled, the quality of the coolant, the length of the hoses
and the material used for tubes and hoses shall be such that the touch voltage resulting from
leakage currents does not impair safety.

NOTE A closed cooling circuit reduces the risk of environment pollution and loss of coolant.
10.6 Over-temperature protection

10.6.1 In order to ensure the necessary degree of safety in the case of single fault
condition in the temperature control circuit, appropriate protective devices and measures
shall be applied as defined in Table 4.

Table 4 — Classification of thermal protective measures

Class | Scope of protection Extent of protection Protective device Protective measufe

Attended operation ith
non-hazardous

Processing workload only
a equipment and - -
environment thereof Overheating precluded
by constructional
measures
mrmenaas In the case of a fault, Thermal cut-out,

no hazard caused by

1 equipment-and ) temperature protector
. the processing
environment-thereof ; t or comparable )
€quipmen Depending on
Pre-sélected utilization and site o
Processing In the case of a fault, installation
- temperature controllers,
4 equipment, no hazard caused by
. . . . pre-selected
environment thereof processing equipment L
{emperature limiters, or
and workload or workload

comparable

The manufacturer shall, for the case. of;/attended unattended operation, indicate reasopably
limitgd intervals at which the installation is to be checked by the user; the applicable clags as
defined in Table 4 shall be indicated.to the user.

If ndcessary, means shall~be provided for the operator to check that a temperpture
protI.lctive device or system will function in the case of single fault condition.| The
information for use shall specify the method and how often the check is required.

10.6.2 If a single fault-in-a temperature control system,-heater, cooling means, circulating

pump-orfan—aditator—or-otherpart condition could cause a hazard through overheatipg of
any part of the<EH or EPM installation or equipment-or—of including the workload, a{ron-
seu—%seumg thermal cut-out or system meeting the requirements of 14.7 shall de-enefrgize
the h

atibgymeans and any other parts which could cause-a that hazard.

10.6.3 If an insufficient quantity of heat-transfer liquid — for example cooling water — could
cause a hazard, a non-self-resetting liquid-level device shall de-energize the heating means
and any other parts which could cause a hazard.

10.6.4 InEH-and EPM-equipmentorinstallations Any hazards arising from overheating of

the workload or overheating of heat-transfer media (e.g. heating baths) as well as from over-
temperature of parts of the processing equipment itself shall be taken into account.

10.6.5 In some cases, a fall in the temperature of a heated medium — for example liquid in a
bath or air in an oven or heating cabinet — could cause a hazard. If this can occur as a result
of the operation of an over-temperature protection device or a thermal cut-out after failure of
the temperature control system,-a-second an independent temperature control-system shall be
fitted to maintain a safe temperature without the over-temperature device operating.
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10.6.6 If no over-temperature protection device is used, a controlled and limited amount of
energy supplied to the workload can be used to protect against over-temperature.

11 Protection against hazards from fire

11.1]| Clause 11 applies for the EH or EPM installation or equipment in generall and
espet ially for the processing equipment.

11.2| Annex F defines a basic understanding of fire hazards/ fer thermal processes, as|they
are fhe purpose and define normal operation of EH installations or equipment. Basic
concepts and methodology of technical fire-prevention and-protective measures to be taken at
the design and construction phase shall be according ta4SO 19353:2019 where applicable.

11.3| Protection against fire hazards for electrtical equipment shall be according to
IEC 60364-4-42:2010 and IEC 60364-4-42:2010/AMD1:2014.

11.4] In case of equipment designed “o contain controlled combustion procegses,
ISO 13577-2:2014 shall apply.

11.5| For equipment designed to eontain flammable materials, either for normal operatipon or
for hgat-transfer, over-temperature protection devices or systems shall ensure that the-liguid
matefial cannot exceed in normal operation or single fault condition

a) the its flash point temperature-ef-the-liguid when being exposed to air, or

b) altemperature 25 K below the fire point when in contact with any heating element.

11.6 | If the*workload can ignite or cause damage after an emergency stop or in single [fault
condition, measures shall be taken in compliance with 11.6 or as defined in the Particular

H o Tl £ Ll H ££ 4 1o Ll HA | al
requirements— e Tonmowmg—erecisS sShal oe constaerea:

a) residual heat stored in the equipment can be released over a long period after switching
off;

b) surface temperature can increase even after switch off due to the release of stored heat.
11.7 Fire-like phenomena can occur and be sustained that are partially supported by electric

fields or radiation. Such phenomena require special measures dealt with in the Particular
requirements.
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12 Protection against hazards from fluids

12.1 General

12.1.1 The manufacturer shall take into account protection against hazards from fluids
encountered in normal operation and single fault condition.

12.1.2 1SO 13577-2:2014 applies for combustion and fuel handling systems;
ISO 13577-3:2016 applies for protective and reactive atmospheres if applicable. For all other
fluid systems, the provisions 12.1.3 through 12.1.9 apply.

12.1. If, in normal operation or single fault condition, fluid is likely to be spilt-intp the

it shall be designed so that no hazard is possible — for example as a fesult

of the wetting of insulation or of internal hazardous-live parts,

b) np corrosion leading to a hazard-is shall be possible — for exampletas a result of the
cpntact of potentially aggressive substances with parts—ef-the—egiipment likely be
dgmaged, and

c) spitable means-below-the-equipment able to collect or divert theyspill shall be positionged.

NOTE| Fluids or spills can be regulated with respect to environmental hazatds; this can affect the means taken.

If in hormal operation or single fault condition, potentially aggressive substances (su¢h as
corrgsive, toxic or flammable liquids) are likely to, b€ spilt on parts of the EH or [EPM
instgllation or equipment, the possibly affected surfaces shall be made from materigdl not
affected by the aggressive substance.

121, The maximum pressure to which a.part of the EH or EPM installation or equipment
can be subjected in normal operation or, single fault condition shall not exceed the fated
maximum working pressure for the part.-Fhe maximum pressure shall be considered to bge the
highgst of the following:

a) the rated maximum supply pressure specified for an external source;
b) the pressure setting of an-overpressure safety device provided as part of the assembly;
c) the maximum pressure-that can be developed by a pressure generating device that i part
of the assembly, unless the pressure is limited by an overpressure safety device.

12.1)5 Fluid-containing parts shall not cause a hazard through rupture or leakagg. No
intended leakagelis allowed from fluid-containing parts intended for toxic, flammablg, or
othenwise hazardous substances.

12.1. Fluid-containing parts of refrigeration systems shall meet the relevant prespure-
relat¢drequirements of IEC 60335-2-24 or IEC 60335-2-89 as applicable.

12.1.7 Leakage from or into fluid-containing parts at pressures lower than ambient shall not
cause a hazard.

12.1.8 Liquid overflowing from any container in the equipment which can be overfilled shall
not cause a hazard during normal operation, for example as a result of the wetting of
insulation or of internal parts that are hazardous-live.

Equipment likely to be moved while a container is full of liquid shall be protected against liquid
surging out of the container.

12.1.9 Any cleaning, decontamination or disinfection process indicated by the
manufacturer shall not cause degradation of the equipment or any foreseeable hazard.
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12.2 Poisonous and injurious-gases-and-substances fluids

12.2.1 The EH or EPM installation or equipment shall not liberate-dangereus hazardous
amounts of poisonous or injurious-gases-or-substances fluids in normal operation, or create
a hazard in single fault condition.

12.2.2 If such-gases-orsubstances fluids are likely to be liberated, they shall be drawn into
an extraction system.

12.2.3 Ifreleased-gases a flow of fluids or particulate matter can pose a hazard due to their
temperature or impulse-they, it shall be diverted from the installation and from the operator.

12.2)4 Hazard zones shall be marked and a barrier or obstacle shall limit accessibility.

12.2)5 EH or EPM installation or equipment drawing in air for any purposes shall not [draw
in expaust gas unless necessary for the process or for energy-recuperation efficiency nedds.

12.2)6 The manufacturer shall indicate necessary personal protective) equipment for [such
substances or gases that can be liberated during normal operation orsingle fault condition.

12.3| Explosion and implosion of pressurised parts or vacuum equipment

12.31 Pressurised parts of the EH or EPM installation<or equipment including vaquum
equipment shall be designed to sustain normal operation“and single fault conditions|over
the intended lifetime.

NOTE| ISO 16528-1:2007 can be used unless different natioqat or regional regulations apply.

12.3)2 Components liable to burst, implode'or explode if overheated-er, overcharged, |or in
other single fault condition shall be provided with a pressure release device.

12.33 Protection of operators by-~enclosures shall be incorporated in the EH or [EPM
instgllation or equipment to prote¢ctthem from debris or expelled parts.

12.3J4 The effect of sudden\boiling of liquids at pressure loss and resulting hazards| like
spill,|explosion, burn and scatd shall be taken into account.

13 $pecific requirements for components and subassemblies

13.1| General

All cgmponents and devices of the EH or EPM installation or equipment

a) shall’be suitable for their intended use

b) shall conform to relevant IEC or ISO standards where such exist, and

c) shall be applied in accordance with their information for use.
13.2 Electrical equipment and conductors

13.2.1 The electrical equipment of the EH or EPM installation or equipment shall satisfy
the safety requirements identified by the manufacturer.

Depending upon the EH or EPM installation or equipment, its intended use and its
electrical equipment, the designer may select parts of the electrical equipment of the
installation that are for LV in compliance with relevant parts of the IEC 61439 series and for
HV parts in compliance with relevant parts of the IEC 62271 series — see also Annex EF of
IEC 60204-1:20052016-ardEC-60204-1:-2005/AMDB1:2008.
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NOTE IEC 61439 (all parts) specifies requirements for equipment covering a wide range of possible applications
of LV switchgear and controlgear assemblies. IEC 62271 (all parts) specifies requirements for equipment covering
a wide range of possible applications of HV switchgear and controlgear assemblies.

13.2.2 The dimensioning of electrical conductors depending on maximum current and
temperature shall follow IEC 60228:2004 for intended temperatures of the conductors up to
40 °C. Clause 11 of IEC 60335-1:2010 and IEC 60335-1:2010/AMD1:2013 provides
calculation methods and tests for assessing the maximum temperature of electric conductors
at a temperature exceeding 40 °C and shall be used when applicable.

13.2.3 The proximity and the skin effect shall be taken into account when dimensioning
conductors for higher frequencies—as—thepenetration—depth-—of the current decreases—with
mer—ea&ng—#equeﬂey —This—affects—cross—sectional-area—of the conductor-and-—surfageto
volume ratio-

NOTE| The penetration depth of the current decreases with increasing frequency. This the affegtg\cross segtional
area (f the conductor and surface to volume ratio. Thus tables of cable current-carrying values ‘refevant for [mains
frequgncy (50 Hz/60 Hz) are generally not applicable for installations working at higher frequencies.

13.3| Connection to the electrical supply network and internal connections

13.31 The connection to the electrical supply network depends onythe type and the voltage
of the supply system according to 312 of IEC 60364-1:2005.- The conductors shall be in
accofdance with Clause 12 of IEC 60204-1:20052016 for LV/7and in accordance with Clause
1213| of IEC 60204-11:20002018 for HV. The conductors 'shall be identified according to
IEC 60445.

13.32 The incoming supply conductor shall beDin” accordance with 5.1 of IEC 60204-
1:20452016 for LV-and connection or in accordance with 5.1 of IEC 60204-11:2000201[8 for
HV cpnnection.

13.33 Interconnecting conductors shall be designed and arranged so that—ir—ngrmal
operption they do not undergo abnormal mechanical stresses in normal operatior|, for
exanjple due to bending, tension, flexing, torsion, friction or vibration, or effects of radiation,
heat,| moisture or vapours liable to, damage them. Single fault condition shall be considered
as well.

13.34 Enclosures of conductors shall ensure

— protection of insulation of conductors against abrasion and laceration, and
— protection of conductors against tension and torsion.
Enclpsures and-devices adopted to avoid tensile stress in fixed electrical connections [shall

not be hazardous-live. They shall also be so designed that any damage of the conductor fo be
protegcted-from abnormal tensile stresses is prevented.

13.3.5—FEHorEPMinstattatiomorequipmentorpartsof-it—which=s—=are ot permarently
connected to the supply network shall meet the following requirements:

a) it shall have a permanent fixed flexible connecting conductor which can only be removed
with the use of a tool;

b) connections using a sliding contact shall be inaccessible;beth when connected and when
disconnected but live;

c) live parts of plug-and-socket devices shall be inaccessible when connected-er and when
disconnected but live;

d) removable connecting lines shall contain the necessary active and protective conductors
clearly identified and laid-up together;

e) when several plugs are used, an erroneous connection shall be prevented by shape or
distinct marking of the plugs.
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13.3.6 All flexible wiring shall meet the following requirements:
a) it shall be provided with protective sheaths; measures taken to ensure protection against
tensile stress and torsion shall be readily recognizable;

b) it shall be protected against excessive flexing at the points of entry; protective sheathing
shall be sufficiently long to avoid any damage through bending;

c) it shall be fixed securely or other means shall avoid any hazard through their position in or
near the installation.

13.3.7 All conductors internally or externally cooled with a liquid coolant, and where the
coolant circuit is part of the conductor, shall

a) al least meet the requirements of Clause 12 with respect to the coolant circuit, and

b) bg designed such that leakage currents do not cause a hazard.

NOTE| Some coolants, like water, are conductive or can become conductive; their use canyYead to lepkage
currents.

13.4| Isolation and switching

13.41 Isolation, switching-off for maintenance,—emergency switchiing—off, and funcfional
switching shall be provided and be in accordance with the—televant applicable standprds,

IEC §0204-1 for LV and IEC 60204-11 for HV respectively, or IEC*60364-4-41 and IEC 60354-5-
53, when applicable.

13.42 Examples of control and auxiliary circuits which, depending on the application, |need
not t¢ be switched off, are:

a) liphting and socket-outlet circuits for the connection of repair and maintenance toolsg, for
example lamps or drills (irrespective of thein voltage);

b) circuits supplying under-voltage trips\ and circuit-breaker closing and tripping deyices

hich are operated at mains voltage;but are not used for control purposes;

d) ofher auxiliary circuits supplying essential components, for example pumps, fans| and
rives, as well as cooling~eguipment, which shall not be switched off during the peripd of

interruption of the mains'supply;

c
W

c) apxiliary circuits with ELV;
o]
d

uhinterruptable powet supply circuits providing power to equipment for safety coptrol,
cpmputer, human fmachine interfaces, or closed control TV.

In the case of LVior HV, the circuits mentioned in a) to e) above shall employ cablés or
insulgted conduetors segregated from those following the supply disconnecting switch. [They
shall[be connected via separate specially enclosed terminals and shall be provided with a
separate disconnecting switch.

T

hic dicaannantin~ o
L=

o wiitoh Ay, At b
oo C Tt g—SwitoH—THay 11Ot 1o

In the—ease-spesifiedunderitemb);
which are not disconnected by the supply-disconnecting switch, shall be
the technical documentation and may be indicated on the equipment.

13.4.3 Switching of direct current or mains frequency currents at HV through the use of
circuit breakers is permissible for supply, disconnection and isolation, providing the following
conditions exist:

a) an isolating distance is provided and visible — for example a disconnecting switch or a
withdrawn circuit-breaker;

b) facilities are provided to prevent closing of the isolating switches and providing connection
to earth of the outgoing cables or busbars.
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13.5 Sensors and actuators safeguarding moving parts

ISO 13855-andtSO-13857-apply applies.

13.6 Motors

Clauses 14 and 18 of IEC 60204-1:20052016 for LV and-Clause—44 Clauses 15 and 19 of
IEC 60204-11:20002018 for HV installations or equipment apply.

13.7 Non electric-heating means

Combpustion based heating means siafttconform to 1ISO 1357 7-2—appiicabie:

13.8| Lighting

13.81 If the ambient lighting is not sufficient to prevent risks — for example areas of shadow
or dgqzzle exist — the EH or EPM installation or equipment shall be designed with integrated
lighting. Parts requiring frequent maintenance, inspection or adjustment and not illumipated
suffigiently by the ambient light shall be provided with integrated lighting:

13.82 The EH or EPM installation or equipment shall be designed and constructed sg that
therg is no area of shadow likely to cause nuisance, that therelis no irritating dazzle and that
therg are no dangerous stroboscopic effects—en—moving—parts due to the lighting or mpving
parts}.

13.9| Structural parts and stability

13.91 The EH or EPM installation or equipment and all its parts shall be sufficlently
stable to avoid break-up or collapse during normal operation or single fault condition.

13.9.2 The EH or EPM installation or equipment shall be sufficiently designed or anchored
to avpid tripping, overturning, falling ofsa@ny uncontrolled movements during normal operation
or single fault condition.

13.9.3 Design of the structutal parts or foundations of the EH or EPM installatign or
equipment shall not generdte*hazards, for example through the possibility of trapping qf the
operptor in normal operation or single fault condition. This includes hazards from spilled
fluidg.

13.11 Doors, windows and other openings

13.19.1 Subclauses 11.4 and 11.5 of IEC 60204-1:20052016 apply—fer—L\V—instalaticfs—or
eguigment.

13.1Q0.2"Means of access shall be secured by an interlock. where the interlock eliminates
the hazard immediately. Hazards that are not eliminated immediately shall only be accessible
by the use of a tool.

Means of access shall be fitted with marking and warning as defined in Annex G.

13.11 Transformers, inductors, capacitors

13.11.1 Refer to 13.1. Subclause 7.2.7 of IEC 60204-1:2016 and 7.2.4 of 60204-11:2018
apply. A thermal cut-out shall operate, if over-currents in the secondary circuit of
transformers can cause overheating of the winding.

13.11.2 Energy stored in capacitors and inductive components shall be released or
discharged safely in normal operation or single fault condition.
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13.11.3 Safe working procedures, methods to safely discharge prior to maintenance or in
case of emergency as well as any residual hazards shall be indicated to the user of the
equipment.

13.12 Handheld applicators

13.12.1 The start of normal operation of a handheld applicator shall be through the
sequential activation of a start switch and an operation switch. The switches shall be located
at such a distance from each other that simultaneous activation by a single hand is not
possible.

Both|switches shall be biased-off switches, i.e. switches that automatically return to tHe off
positlon when their actuating member is released. The start switch enables the pernation
switch and the operation switch enables normal operation.

The handheld applicator shall indicate its operation to the operator through,\@)signal lamp or
comparable means.

13.12.2 In case operation of the handheld applicator generates¢a ‘hazardous field when
lifted| off a workload surface, it shall have an interlock that deactivdates operation when it is
removed from the workload.

13.12.3 Screens or barriers shall prevent the placement&of hands or other bodyparts|near
the active part of the handheld applicator if it emits hazardous fields.

Such| screens or barriers shall only be removable With a tool; their mechanical stability [shall
be syfficient in consideration of their expected handling by the operator.

13.12.4 An applicable warning as defined iflAnnex G for the type of field shall be affixed and
visible near the active part of the handheld applicator.

13.13 Vacuum system

Arcing inside a vacuum systemcshall not create a hazard.

13.14 Protective and reactive gas generator

In c4se the EH or .EPM installation or equipment includes a generator for protectiye or
reacffve gases, Clatse 11 of this document and ISO 13577-3:2016 apply.

14 Control'of the installation or equipment

14.1| ‘General

The need for operator intervention shall be limited. If intervention is necessary, it shall be
conducted-easilyand safely and with ease.

Subclauses 14.2 through 14.7 define requirements based on this general concept.

NOTE The decision to use functional safety concepts is beyond the scope of this document. ISO 13577-4:2014
provides an illustration, when the application of IEC 61508-1:2010 or ISO 13849-1:2015 becomes necessary.
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14.2 Operator control unit
14.2.1 Any operator control unit shall be

a) clearly visible and identifiable, using-pictegrams standardised symbols where appropr

iate,

b) positioned in such a way as to be safely operated without hesitation or loss of time and

without ambiguity,
c) located outside a hazard zone — the sole exception being emergency stops, and

d) positioned in such a way that the operation cannot cause additional risks.

grted:
rting,

c) apsist the operator to assure that starting is prevented while someone is inside a hgzard

zpne.

Perspns inside a hazard zone or otherwise potentially beingyexposed to any hazard shall
suffigient time to leave the hazard zone or prevent starting.

NOTE| In large installations the operator may not be able to'see all hazard zones.

14.2;3 The provisions of Clause 10 of IEC 60204-1:20052016 for LV and those of Claus
of IEJC 60204-11:20002018 for HV installations or equipment for operator control units
operptor-machine interfaces apply.

14.2)4 If there is more than one operator control unit, the control system shall assure
the lise of one of them precludes the use of the others, except for—step—conirols
emerigency stops; the use of stop controls may be kept. Each operator control unit sha
provided with all the required control devices without the operators hindering or putting
othe |nto a hazardous S|tuat|on For details, refer to-9-2-5-4 9.2.3 of IEC 60204-1:2005
. Each unit shall be provided with controls to stop some
of the functions of the equipment or installation, depending on the-existing relevant haz
so thpt safety is ensurfed during and after the stop.

have

e 10
and

that

Il be
each
2016
pr all
ards,

14.2. Anycoperator control unit shall be designed or protected in such a way that the

desired effect;"where a hazard is involved,

a) cpnonly be achieved by a deliberate action, and

b) is manufactured to withstand foreseeable forces.

¢} Particular attention shall be paid to emergency stop devices as these are liable to be

subjected to considerable forces in case of an emergency.

14.3 Emergency stop
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14.3.1 Emergency stop devices shall be in accordance with 10.7 of IEC 60204-1:2016.

14.3.2 All emergency stop devices shall be clearly identifiable, clearly visible and quickly
accessible.

14.3.3 Once the active operation of an emergency stop has ceased following a stop or
switching off command, the effect of this command shall be sustained until it is reset. This
reset-sh ; i i o—the and-has-been
initiated. t but only permit restarting.

14.3J4 The emergency stop signal shall stop the hazardous process as quickly~as possible,
withqut creating additional risks. It can trigger or permit the triggering of safeguarding actions.
The ¢mergency stop function shall be available and operational at all timestegardless qf the
operating mode. Emergency stop devices shall be a back-up to other safeguarding measpres;
they ghall not be a substitute for them.

14.3)5 The sequence of emergency stopping operations (e.g. fah”’and conveyor motdrs in
relation to main processing circuits) shall be taken into account py the manufacturer during
design and shall be specified in the information for use.

14.4( Control systems and their safety functions

14.41 Control systems shall be designed and constructed in such a way as to minimisg the
occufrence of hazardous situations with the aim «Of achieving adequate reduction of risks, or
prevent hazardous situations. In particular, theysshall be designed and constructed in sych a
way t{hat

— they can withstand the intended operating stresses and external influences,

— a|fault in the hardware or the software of the control system does not lead to hazandous
{tuations,

n

— efrors in the control system (ogic do not lead to hazardous situations, and

— rgasonably foreseeable“™-human error during operation does not lead to hazarndous
sltuations.

It is pot always posgibte to fully avoid all hazards; in this case, an adequate reduction of|risks
shall|be reached and"documented by the manufacturer.

NOTE| Adequate )risk reduction can Fhis—may be reached through suitable functional safety as defined in
IEC 61508-1:20840 or ISO 13849-1:2015.

14.4 2. {Start functions shall be initiated by a start button. Start functions shall initiat¢ the
enerdgiZzing or tne retevant CIrcult. Start snall not be automatiC T TNIS Can create a naza d. In
case push buttons are used, separate push-buttons for "Start" and "Stop" shall be provided.

14.4.3 Interlocks shall be provided to secure correct sequential starting.

14.4.4 Stop functions shall override related start functions. The installation shall not be
prevented from stopping if-the a stop signal has been given. Where more than one control
station is provided, the stop command from any control station shall be effective.

14.4.5 For operating modes, 9.2.3 of IEC 60204-1:20052016 applies with the addition that
"motion" shall include "heating" and "processing".
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14.4.6 For suspensmn of safety funct|ons or protectlve measures M@LLE&@QZM
ing” 9.3.6 of

IEC 60204-1: 2016 applles

14.4.7 For cableless control system,-9-2.7of IEC 60204-1:2005 9.2.4 of IEC 60204-1:2016
applies.

14.4.8 For emergency operations,-9-2.5-4 9.2.3.4 of IEC 60204-1:20052016 applies.

14.4.9 For control funct|ons |n the event of failure, 9.4 of |IEC 60204-1:20052016—and

14.5| Controlgear

14.51 Sensors-of-anyphysical-quantity and actuators shall be selected and-mounted taking
into account all conditions during normal operation and foreseeable single fault conditjon —
for example temperature, mechanical action or electromagnetic phenomena.

14.52 Push-buttons Actuators shall be in accordance with 10.2 of IEC 60204-1:200520(1 6.

14.53 Indicator lights and displays shall be in accordance with 10.3 of IEC 6(0204-
1:20052016.

14.5)4 Control circuits shall comply with 9.1 of IEC 60204-1:20052016.

14.5/5 When photocouplers are used as a means of galvanic separation, for example in
semitconductor conyverters, clearance and creepage distances shall be specified as minimum

valugs—based-on-theprinciples according to

— |EC 6007112006 and IEC 60071-1:2006/AMD1:2010 for the upstream or power ne{work
slde, and

— |EC(60664-1:2007 for the downstream or converter side.

14.5.6 An earth fault on any control circuit operating below 200 Hz shall neither cause

inadvertent switching on nor prevent switching off-the-EH-orEPM-installation-ora-part-of-it.

a) In order to fulfil this requirement, it is recommended that one side of the control
transformer(s) be earthed and coils and contacts be connected accordingly. Unearthed
control circuits fed from the transformer shall be provided with an insulation-monitoring
device, which either indicates an earth fault or interrupts the circuit automatically after an
earth fault. The direct current internal resistance of the insulation-monitoring device shall
be at least-45 50 kQ. For certain electronic devices, much higher values of this resistance
may be necessary.

b) In the case of control transformers with an earthed centre tap, a differential current circuit-
breaker shall be used.

c) For control circuits in which single-pole earthing is required for operational reasons, the
manufacturer shall provide for earthing. Such operational reasons can be, for example
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the use of electromagnetic clutches having an internal earth or of control circuits with
electronic components. In this case, separate control transformers or one control
transformer with several isolated secondary windings shall be used.

In cape of earthed control circuit supplies, refer to Figur&.7 and 9.4.3.1 of IEC 60204-1:2(

14.6

14.6.
choth
expo
spec

14.6.
or EF

14.6.
deviq
instd

14.6.
that

expe|
deviq

Protective devices

1 Protective devices including interlocks—used-toprotect operators—from-haz

Lprevent protecting an operator from“a hazard shall prevent the operator from |

fied in 14.6.2 to 14.6.7.

"M installation or equipment as being necessary for safe operation.

3 Only after the.action has been reversed or cancelled, which caused the prote
e to give a stop) command, shall the protective device and thus the EH or
llation or equipment be reactivated by-use-ofa-teel means of an intentional action.

4 Protective devices for the protection of an operator shall-ensure be designed

b single=fault-condition in the protective device-is—eitherunlikelyto—oceccurduring
ted life—of theequipment—or cannot cause a hazard — i.e. any fault of the prote

s e
being

5ed to the hazard before the hazard-is removed. It shall meet the following requirements

2 Protective devices shall-not obstruct the normal operation or the view onto the EH

ctive
EPM

such

s the

ctive

ces-a fault to safety In most cases, this implies that any protective device shall qlve a

stop

14.6.

NOTE

uUIIIIIIdIIU II Il Ib IIUl IUIIy GIIUL;I.IVU

5 Protective devices shall not easily be bypassed or made non-operational.

"Easily" implies without the use of a tool.

14.6.6 Protective devices reacting in case of any short-circuit shall be adequately sized for
the switching elements in the control circuits.

14.6.7 Adjustable protective devices and systems shall be adjustable only with the use of

a too

| or be protected by a password.
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14.6.8 Normal operation includes the correct setting of any adjustable protective device.
Incorrect setting of a protective device is a single fault condition.

14.7 Over-temperature-protective-device protection devices and systems

44714 Over-temperature protective devices and systems designed to operate in single fault
condition shall be

a)

designed and tested to ensure reliable function, and

eb) rated so that components or materials whose temperatures are intended to be Iimitjrd by
e device do not exceed the relevant temperature limits of Clause 10 or other.d
mits.

ined

m will funection in the case of sin
AW f e CaSeo+SH

A= oo —

3 Over-temperature protective devices shall be separated from any temperature cgntrol

systgm. This applies not only to the temperature sensing means but also to all disconnegcting

devides in the circuits to be de-energised.

14.8 | Overpressure safety device

An oyerpressure.safety device shall not-eperate react or release in normal operation. It[shall

confgrm to the<following requirements.

g)

h)

f shall"be connected as close as possible to the fluid-containing parts of the system that it
4 intended to protect.

It oha” bc ;IIOtG”Ud QU do tU }JIUV;dU UdDy dUUT OO fUI ;IIOFUUt;UII, |||a;||tc||a||uc (JIIK‘.J‘l IG}J ir.
It shall not be capable of being adjusted without the use of a tool.

It shall be located so that a discharge does not cause hazard to operators; especially it
shall have its discharge opening so located and directed that the released material is not
directed towards the operator.

The EH or EPM installation or equipment shall be designed such that no pressure
release device is obstructed.

It shall have its discharge opening located and any discharge directed so that operation of
the device does not deposit material on parts, if that could cause a hazard.

It shall have adequate discharge capacity to ensure that the pressure cannot exceed the
rated maximum working pressure of the system.

There shall be no shut-off valve between an overpressure safety device and the parts that
it is intended to protect.
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15 Protection against mechanical hazards

15.1 With respect to mechanical hazards, the manufacturer shall refer to ISO 13577-1:2016,
if applicable. In all other cases, the requirements 15.2 through 15.11 apply.

15.2 No accessible part of the EH or EPM installation or equipment shall have rough
surfaces, sharp edges or angles posing a hazard.

15.3 Any moving part that poses a hazard shall be prevented from becoming a risk through
guards or protective devices. ISO 14120:2015 applies for design and construction, assuring

the meehanical-stabitity-of-guards-

15.4| Sufficient precautions shall be implemented to prevent any hazardous sitdation [from
expelled parts, fluids (Clause 12) or workload.

15.5| It shall either be impossible that an operator gets trapped insidelany part ¢f an
installation or equipment or, if this is impossible to achieve, means to summon help shall be
installed.

45.6|If an operator can be trapped inside the installation, sufficient means for escape ¢r an
emergency stop from the inside shall be installed.

15.6| Zones where a human body or bodyparts can bé exposed to trapping, crushing,
shearing, |mpact cutt|ng, entanglement drawing in, stabblng or abrasion shaII be
inacdessible norm crati W bther
measmeS—shau—pFevent—the—nsle Such a hazard zone |s conS|dered not to present a

mechanical hazard if

C 61010-1:2010,

e distances separating the operator from the hazard zone exceed the values spegified
n ISO 13857:2008, and

c) dluards and protective measures prevent access.

a) t}e gaps of the zone comply with the\dimensions specified in Tables 13 and {4 of

b) t

If thig is impossible for normal operation, other measures shall adequately reduce the rigk.

o of th catantiva macoie T otable—ricl Heae Ana
=+t t one

15.7 The speed of movement of any part of the equipment that can come into contact with
the operator, and where contact of the operator with the equipment can result in a
hazardous situation, shall be limited so that the operator can adequately react to the moving
part without resulting in an unacceptable risk.

15.8 Controls elements shall be so positioned, recessed, or protected by other means that
they cannot be accidentally actuated, resulting in unacceptable risk.
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15.9 The risk due to over-travel (travel past the range limits) of equipment parts shall be
reduced to an acceptable level. End stops or other stopping means shall be provided to act as
the ultimate travel limiting measure in both normal operation and in single fault condition.
Such means shall have the mechanical strength to withstand the intended loading. The over-
travel (stopping distance) of such movement, occurring after operation of a control to stop the
movement, shall not result in an unacceptable risk.

15.10 When a part of the equipment has been stopped, any drift away from the stopping
position, for whatever reason other than intended action-en through the control devices, shall
be prevented or shall be such that it does not cause a hazard.

15.11 If the operator is supposed to move about or stand on the installation or equipment,
suffigient means to prevent slipping, tripping or falling shall be implemented.

16 PRrotection against hazards resulting from use

16.1| Particular hazards in processing of food, feed, cosmetics and-similar intendeg for
human or animal consumption

16.1.1 Hygiene hazards differ from other hazards because theycare-hazardous hazards for
conspimers of the workload being processed.-This—dees They(usually do not pose a hazard
for the operator. Hygiene risks are associated with the abilitysof the equipment to be freed
from |product debris and micro-organisms, and thus preventing product contamination.

16.1)2 Particular hygienic and contamination hazards exist in the processing of workload
like food, beverages, animal feed, pharmaceuticals‘and cosmetics and shall be considgred.
The fequipment shall in that case fulfil the releyant requirements of 1SO 14159:2002 and
applifable national regulations. Furthermore, such workload shall not be contaminated during
pastgurization, sterilization or other processing, resulting in hazardous products.

16.13 Interaction of cleaning or disinfection agents or their residuals with the procesgsing
equigment shall be considered. The. manufacturer shall include information on safe tq use
agen{s in the information for use."The manufacturer shall indicate cleaning or disinfgction
agenfs that are not safe to use.

16.2 Combination equipment

If the equipment is intended to be used in combination with other equipment, any hazard due
to the combination shall be considered.
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17.1

171,
equi

17.1.
instd

CISHR 11:2015/AMD2:2019 applies.

17.2

The
elect

appli
safet

18 \

18.1

Com
requi
comh

a) ekamination of drawings or calculations;

b) v

EMC

Radio frequency interference

1 With respect to the processing frequency of the EH or EPM) installatig
bment, Clause 4 of CISPR 11:2015 applies.

2 With respect to limits of electromagnetic disturbances catised by the EH or
llation or equipment, Clause 6 of CISPR 11:2015, CISRR“1:2015/AMD1:2016

Immunity

EH or EPM installation or equipment shall be able to work properly unde
fomagnetic disturbances being expected at_itg intended position. IEC 61000-6-2:
s in general and |IEC 61000-6-7:2014 apphies for all equipment intended to pr
y functions.

n or

EPM
and

the
2016
bvide

ferification and testing
General
pliance of the EH or -EPM installation or equipment with the applicable sjafety

rements-or of this doctment including protective measures shall be verified by one
ination of the following methods;

sual inspection;

c)

d) functional test;
e) npmerical modelling.

easurement;

or a

Table 5 lists—the—recommended methods of verification with respect to the specific
requirements of this document. The applied method and result of the verification shall be

reported documented.
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Table 5 — Methods for the verification of requirements

Verification d |

f
§
g
f

6.4 Ph&s%akemmenmeﬂkand—epe#aﬂﬂg%end%ﬂ&fe#eieetﬁea “ “ “

8.5 Power-supply ¥ ¥

66 Access ¥ ¥

8.7 Ergonomic-aspects ¥~ ¥

6-8 TFransport-and-storage ¥~ A

6.9 Provisions for-handling ¥ v

610 Consumables-and replaceable parts S \

3 General-provisions ¥ ¥ ¥ ¥
74 Basicprotection ~ ~

75 Provisi for si ‘ . - -

76 P . . . . - -

L. A it . for ion for f ) P P

78 Protective-conductorcurrents ¥~ ¥

7.9 Fouchcurrentand-touch-voltage Va v v Va
— Cepdetore o fe ot el el o e s sn e A A A
744 Non-electric faults “ “

8.2 Magneticfields v v +~ +~
8.3 Local-elestricfields + + + +
ot B R e T et = ¥ pa

85 B R e “ “

e

92 / . T o - - -

9.3 Ulraviolet radiation ¥~ ¥~ ¥~ ¥~
04 L inf o - - - -
9.5 R —a L L L
102 Surf it £ . . - - -
103 Hazards caused by working conditions a

104 Heat resistance of components \ ¥~

10.5 Cooling Va v

10.6 Over-temperature protection \ ¥~

11 B . . ‘ " - -

122 | Protection-againsthazards from fluids —Poisonous-and A 2

123 Protection against hazards from fluids — Explosion and y y
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X
X
X

Verificati I |
Sub- R . Lati . g : E
clause
184 | 4185 | 186 | 18.7 | 18.8
93 | Connecion 1o e electrical supply network and interna) < | - <
s B e \ \ \
135 Sensors-and actuators safeguarding moving parts A A A A
s psles \ \
138 Lighting ¥ ¥
139 Structural parts-and stability \ A
1310 Doors, windows and other openings A o
14 Controlof the-installation-orequipment * ¥ ¥
15 Protection-against-mechanical-hazards v ¥ ¥
e
e
172

Radio-frequency-interference ¥~ ¥~
Sonic_inf ; ‘A ‘A
Verification done by
c c
o 3 o ] % o
s | =8| e | ¢ $ <
© °S ) o+ T =
Sub - . £ 70 5 S99 ¢
Requirementekumeasure relating to £ - Q b Q= &0
clausle © ) © < $ 2
X £ o S ¢ €
@ S
18.4 | 18.5 | 18.6 | 18.7 | 18.8
6.4 Physical eayironment and operating conditions for electrical v v ) %
' equipment-caused by operation of the processing equipment
6.5 Power-Supply v v ()
6.6 Access v v
6.7 Ergonomic aspects v v
6.8 Transport and storage v v
6.9 Provisions for handling v v
6.10 Consumables and replaceable parts v v
7 Protection against hazards from electric shock refer to ISO 14120:2015
7.3 General provisions v v
7.4 Basic protection v v
746 At frequencies exceeding 200 Hz, potential grading of the v v v
o circuit shall be controlled by the following means.
7.5 Provisions for protection in electric single fault condition
7.6 Protective equipotential bonding v v v
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Verification done by

g g E © =0
sub 8| S3| 5| 8y| 55
clauus-e Requirement or measure relating to E ‘£ :2’. z E s g 3
% £ g = c E
18.4 18.5 18.6 18.7 18.8
77 f\:‘jg|t’|Jo’r;1ra;1l1 pljgvisions for fault protection for frequencies v v
7.8 Currents in protective conductors v v v (1)
7.9 Touch current and touch voltage v v (1)
7.10 Conductors and insulations at high temperature v v (V) (1)
7.11 Non-electric faults 4 4
8.2 Magnetic fields v v (1)
8.3 Magnetic fields below 1 Hz v A (Y)
8.4 Local electric fields v v (1)
8.5 Requirements related to barriers and screens % v
8.6 Requirements related to objects worn, carried or held by v v
persons
9.2 Installation or equipment generating ionizing radiation v v v (1)
9.3 Ultraviolet radiation v v v 1)
9.4 Visible and infrared radiation v v v (Y)
9.5 Laser sources refer to IEC 60825-1
10.2 Surface temperature limits for protection @gainst burn v v v
10.3 Hazards caused by working conditions ()
10.4 Temperature resistance of compgnents v v
10.5 Cooling v v v
10.6 Over-temperature protettion v v
11 Protection against hazards from fire v v
12.2 Poisonous ang-Mjdrious fluids v v v
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Verification done by
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18.4 | 18.5 | 18.6 | 18.7 | 18.8
123 Ei(ﬁilgrsnigiand implosion of pressurised parts or vacuum v v
P
13.2 Electrical equipment and conductors v v v v
13.3 Connect_ion to the electrical supply network and internal v v J
connections
13.4 Isolation and switching v v v
13.5 Sensors and actuators safeguarding moving parts refer to ISO 13855:2010
13.6 Motors v | V] | | |
13.7 Non electric-heating means refer to([S© 13577-2:2014
13.8 Lighting v v
13.9 Structural parts and stability
13.10 Doors, windows and other openings v v
13.11 Transformers, inductors, capacitors v v
13.12 Handheld applicators v v v
13.13 Vacuum system v v
13.14 Protective and reactive gas generator refer to ISO 13577-3:2016
14 Control of the installation or equipment v v v
15 Protection against mechanical hazard$ v v v
16.1 P_arFicuI_ar hazards in processing'of food, feed, _cosmetics and v v v
similar intended for human or @nimal consumption
16.2 Combination equipment v v
17 EMC v v
19 Information for sée v
Key
4 mandatorys\When applicable
() non nfandatory, but preferred

18.2 —Performing measurementsand-tests

18.2.1 Accuracy of measuring equipment and measurement methods shall conform to
IEC 60398:—%2:2015, as relevant.

18.2.2 This document defines some tests at cold state and other tests under normal
operation conditions. The test conditions of normal operation shall be the most
unfavourable conditions causing the maximum expected stress to the installation and the
highest probability or strength of hazards in the range of normal operation specified by the
manufacturer.
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18.2.3 This document does not define tests under single fault condition as these can
result in serious damage to the installation.

NOTE

IEC 61010-1:2010 can be used in combination with this document to develop verification means for single

fault condition or for type testing.

by —assessment-of human-exposureto-magne or-ele ctelds according-to-the L CO5
SpHEeS;

) uke of the numerical ecalculation—of the electric Nor maanetic_fields sececordinag—td—the

G)—dpe—ot—the—nhRdhercal—cacuatHon—o+r—the—etectiic;o—MmMaghedHc—Heias—accoraing—+t4—he
HEC 62226 series for low and-intermediate frequency range;

A nhimerical ascsasesment of the interaction between the nrocessina eauinment and exnosed

c—hpmeHcat—assessmeht—-ottmeteractHoRoeweenRtReprocessigeqgtHpmentaRc—expgosea

a

This [document references to other standards, where applicable. Such reference includes
requirements and the verification of*these requirements when given in those standards.

18.4| Examination of drawings or calculations

The ¢xamination of drawings and calculations-is shall be done to verify if all parts of the EH or

EPM|installation oregquipment comply with the applicable requirements of this document.

18.5| Visual inspection

48-541 Visual inspection of the EH or EPM installation or equipment shall be done{after

e : eoiead : - to compare the ergcted

installation with the drawings. This visual inspection shall ensure the following: T

a) the installation has been erected as defined in the drawings;

b) all markings and warnings have been affixed;

c) all barriers, obstacles, guards and similar protective means are in place;

d) all barriers, guards and similar protective means intended to be removed with a tool are
only removable with the use of a tool;

e) all protective measures are adequate and exist and all earthing provisions and
equipotential connections are in accordance with the drawings.

f) all insulations are in place, clean and in intended state.

48-5-2 A first cold state visual inspection is usually done after mounting and prior to any hot

state
of co

tests. Further visual inspection-shall can be carried out after finishing all hot state tests
mmissioning. This second visual inspection-shall-enrsure ensures that the parts of the EH
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or EPM installation or equipment subject to heat,~EMF electromagnetic fields, intense
radiation or to other influences causing wear are still in their intended state.—Especially
Linings, heating elements, thermal insulation and refractories, barriers, doors, gates,
windows, lips, systems for transporting or positioning the workload-shall-be are inspected
with the focus on drop-out, crack, distortion, unusual abrasion, burn-through, oxidization and

n be

bcted

el

ance

creepage creep.

18.6 Measurements

18.6.1 Environment and operating conditions inside the processing equipment
ThiS IIIUGOUIUIIIUIIt VUI;f;UO ;f thU aQOuIIIUd UUIId;t;UIIO UOUd fUI thU dUO;HII arce IIIUt. :t o
impopsible to measure all relevant values.

18.6.2 Impedance of protective bonding

The |measurement defined in 6.5.2.4 of IEC 61010-1:2010 applies for")ptug conng
equipment.

The pneasurement defined in 6.5.2.5 of IEC 61010-1:2010 applies far_permanently conng¢cted
equipment.

18.63 Insulation resistance measurement-up-to-200-Hz

=

A

The [measurement defined in 18.3 of IEC 60204*1:2016 applies for insulation resisf
meagqurement at LV; the measurement defiped in 19.3 of IEC 60204-11:2018 applie

insu
from

Meadq

18.6.

IEC ¢1786-213:2014 applies for measurements of electric or magnetic fields-and 1EC 617

form
1 Hz

Measg

/5 TFouch current measurement

the references the tests shall be perf@rmed in the cold state.
urements above 200 Hz are under consideration.

4 Measurement of electric or magnetic fields

leasuring-equipmeri-for frequenciesup-to—100-kHz in the range of frequencies bet
and 100 kHz, andAEC 61786-1:2013 applies for measurement instruments.

urements/above 100 kHz are under consideration.

s for

ation resistance measurement at HV and up to 200 Hz. In addition to the requirements

iveen
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The measurement of touch currents shall adhere to IEC 60990:2016 between 0 Hz and
1 kHz. The provided method can be used above that frequency for large contact area
situations.

18.6.6 Measurement of ionising radiation-measurement

18.6)7 Measurement of non-coherent optical irradiation

18.6[7.1 For the measurement of non-coherent optical” radiation, Clause % of

IEC 62471:2006 applies with—the—following—amendmentsi the clarifications in 18.6.7|2 to

18.6.7.8 and including requirements given in Annex C.

18.6)7.2 Separated locations of the installationy like separate doors or windows are
sepafate sources of radiation, as defined in 9,1.2*and can belong to different risk clagses.
They|shall be assessed and verified separately.

18.6.[7.3 Usually no controlled environment is possible to achieve. Thus the measurement
condjtions and an assessment of the-iafluence of measurement conditions on the qualjty of
the nmpeasured data shall be part of thetmeasurement report. Measurement conditions shall be
repolted as part of the evaluation and the assignment of risk classification.

18.6)7.4 To maintain stable output during the measurement process and provide
reprdducible results, the EH or EPM installation or equipment shall be seasoned for an
appropriate period of time prior to measurement. During the initial period of operation, the
outpdit characteristic.will change as components oxidise, age, or come otherwise to a stjte of
near|equilibrium. If\measurements are taken with unseasoned installations, the varidtions
withip the measurement period and between measurements can be significant. The necegsary
ageing period-dépends on the specific installation and the environment. It varies with different
typeg of installations and it can be impossible to reach sufficient ageing for assessjment
during commissioning. In this case, measurement shall be done again at a later staJ;e of
equipnient lifetime.

18.6.7.5 Careful checks shall ensure that other sources of radiation like nearby equipment
or ovens, hot workload, hot-shields screens, or reflections do not add significantly to the
measured signal.

18.6.7.6  All measuring equipment for non-spectrally resolved measurement of irradiance or
radiance shall be of class 3.0 or better. For thermal or broad-band radiation the measuring
equipment shall have a flat or constant spectral response between 400 nm and 10 um, a flat
response between 200 nm and 20 um is preferred. For non-thermal radiation, the measuring
equipment shall have a flat or constant spectral response over the complete wavelength-
range of the source. The measuring equipment shall be sufficiently stabilised to avoid any
drift exceeding the limits.

NOTE 1 This can be a thermally stabilised pyroelectric detector for thermal radiation.
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NOTE 2 Non thermal sources include LEDs and many types of UV emitter.

18.6.7.7 Annex B of IEC 62471:2006 applies for spectrally resolved measurements. The
accuracy of the measurement results shall be calculated and stated. Measurement inaccuracy
should not exceed 30 % of the lowest classification limit in absolute values.

18.6.7.8 Usually large areas need to be assessed; therefore a scanning procedure over the
surface contributing to the emission from one source shall be used, assuring that more than
90 % of the emitted power is inside the scanned area.

18.6.8 Measurement of coherent optical radiation-including-emissionfromLEDs
All mleasurements of radiation from laser-e~LED sources shall adhere to IEC 60825-1:2014.

18.6/9 Surface temperature measurement

Verifjcation of accessible surfaces shall be done according to 5.4. of ISO 13732-1:2006.

18.6.10 Temperature of structural compoehents subject to heat

For measurement equipment, methods.@nd requirements, 6.5 of IEC 60398:2015 applies| The
assepsment shall provide the temperatures under the worst case conditions in ndrmal
operption or other condition specifie’ to the installation or equipment. Measurement positions
shall|provide information about-¢ritical parts or positions, i.e. parts or positions exposg¢d to
maximum heat stress or temperature.

18.7 | Functional tests
18.7.1 Protection by automatic disconnection of supply

Subdflause 18.2~of 204-

c AL S 200
1:2016 appligs)for LV and 19.2 of IEC 60204-11:2018 for HV.

18.7.25/Voltage test

For LV installations or equipment, the test of 18.4 of IEC 60204-1:20052016 applies, for HV
installations the test from 19.4 of IEC 60204-11:2018.

18.7.3 Dielectric test

The test given in Clause 13 of IEC 60335-1:2010, I|EC 60335-1:2010/AMD1:2013 and
IEC 60335-1:2010/AMB4:2043AMD2:2016 applies, when applicable.

18.7.4 Accessibility of live parts

18.7.4.1 Inaccessibility of any live parts for LV shall be checked by tests defined according
to IEC 60529:1989, 12.3.1.
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18.7.4.2 Inaccessibility of any live parts for HV shall be checked by tests defined according
to IEC 60529:1989, 12.3.2.

18.7.4.3 Verification of inaccessibility defined through use of ISO 13857:2008 is done
according to that standard through examination and visual inspection.

18.7.5 Protective devices and systems

Protective systems are tested by applying the signal expected from the protective device in a
fault to the electric circuit that should react.

18.8 Numerical calculations and modelling
18.81 General

The pccuracy of any calculation shall at least be sufficient for the problem (tevbe solveéd or
comparable to the achievable accuracy of measurements. This defines the needed accuiiracy
of th¢ implemented geometrical setup and minimum grid resolution or number of cells, sufface
elempnts, time resolution, bands or rays used as well as the used physical or thermochemical
data.

The |use of calculated data instead of measurements shall be stated in the tecHnical
documentation.

The documentation of the calculation shall include

a) the geometrical setup used,

b) all relevant modelling data and a description<of the models used,
c) the software and version used,

d) the set parameters of the software thatinfluence the result,

e) the method used for verification ef‘the accuracy of the used models and the calculation
itself, and

f) &l results used for classificatjon.

It shall be possible, from the=data-stoered documentation, to implement the models again and
to make the calculation.again on another system or with another software.

Releyant-data-of the-measurements The documentation of the calculation shall be kept gt the
manuyfacturer of-the equipment. It shall be kept either over the expected lifetime of the
equigment or-ever a time defined by national regulations.

18.82 , Numerical assessment of short circuit currents

For tme assessment of Short circuit currents, TEC 60909-072016 shatt be used; for the eifects
of short circuit currents, IEC 60865-1:2011 is applicable.

18.8.3 Numerical assessment of electric or magnetic-fields emission

A numerical assessment of the interaction between the-precessing EH or EPM installation or
equipment and exposed persons—regarding with respect to electric or magnetic fields and
induced electric fields in bodyparts may be used to assess the induced currents in bodyparts
of exposed persons in case of complex geometries or for such applications where the
underlying assumptions for calculating a reference level are not sound (the near-field region)
and if the calculation reaches a sufficient accuracy.

The use of computational electrodynamics for assessing external fields, internal electric field,
specific absorption rate (SAR) or contact current is a numerical experiment and accuracy
depends inter alia on
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— the model of the source, the model of the installation and the model of the human body,

— the calculation method used, and

— the spatial and temporal resolution.

The documentation of the calculation shall include in addition to the list of 18.8.1

a) the-geometry geometries and electromagnetic properties of all conductors and-alt-bedies

(0]

bjects relevant to the calculation, and

b) the grid and resolution or mesh and voxel data.
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ben 1 Hz and 6 MHz, the methods in IEC TS 62997:2017 of employing source geg@
urrent can be applied.

cting with specified bodyparts and other objects in specified onerous positions and
ing in an inhomogeneous field, the methods in IEC TS 62996:2017 can be applied.

For %ccessible emission caused by electric fields in the range between 1 KHz and 6
I

IEEE 1597 (all parts) provides a method and guide for the validation of numeric mode
magnetics and can be used.

4 Numerical assessment of optical radiation emission

hssessment of-expesure emission and subsequent classification can be based o
g calculation of irradiance and radiance at all positions relevant for risk assess
Ad of measurements and if a comparable accuragy)is reached by the calculation.

y tracing is a numerical experiment, the demands on position and orientation of v,
tors are the same as for physical detectops during measurements.

Calculation of radiance or irradiance;xdepending on the defined spatial angles or an
nses shall follow the same procedure as for measurements defined in 18.6.57 or 18

The

ocumentation of the calculation shall include in addition to the list of 18.8.1

a) all relevant modelling data and a description of the models used for involved surf
their scattering behaviour, diffuse or specular reflection,

b) the set parameters of the software that influence the result, like splitting of rays, max
number of split{rays followed, minimum amount of energy in a single ray, randomis

ethod, and

c) number oftays used, energy lost due to numerical effects.
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19 Information for use

19.1 General requirements

19.1.1 The manufacturer of the EH or EPM Installation or equipment shall provide
information for use of the equipment consisting of communication links such as texts, words,
signs, signals, symbols or diagrams, used separately or in combination to convey information
to the user.

Information about the intended use of the EH or EPM Installation or equipment shall be
provided, taking into account its operating modes, measures required to ensure its intended
and ¢orrect use-of-the-eguipment, in particular information on residual risks.

nformation-shall-include:
s of irod training:
R . . . ;
. . ¢ I tecti Jovi _

19.12 The information for use shall cover separately or in combination transport, assgmbly
and installation, commissioning, use (including operations like setting, teaching, programming
or, process changeover, operation, cleaning, fault finding.@hd maintenance) of the BH or
EPM| installation or equipment, and if applicable de<commissioning, dismantling| and
dispgsal.

Ll

19.2| Location and nature of the information for use
The manufacturer shall decide whether the information for use or parts of it are given

n or on the-installation EH or EPM Installation or equipment itself,
r accompanying documents,

a)
b)
c) op the packaging, or

d) by other means such as sighals and warnings outside the EH or EPM installatign or
efjuipment.

This |decision shall be based on the risk, the time when the information is needed ang the
design of the installation:

19.3| Signalling. and warning devices

Visual signals)(e.g. flashing lights) or acoustic signals (e.g. sirens) shall be used to warn
operptors orordinary persons of an impending hazardous event (for example start-up of the
equigment’EH or EPM installation or over-temperature). The following requirements ShT” be
met:

a) signals shall be emitted before the occurrence of the hazardous event;

b) signals shall be unambiguous and shall be clearly recognized by the operator;

c) signals shall be clearly perceived and differentiated from all other signals used.

If warning devices are used, they shall be designed and located such that checking for proper

operation is easy. The information for use shall determine procedures for verifying proper
operation of warning devices.

The manufacturer shall consider the risk of "sensorial saturation" when designing the
warning devices. This risk results from too many visual or acoustic signals, which can lead to
ignoring or defeating the warning devices by the operator.
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19.4 Markings, pictograms, written warnings

19.4.1 The EH or EPM installation-and-its or equipment shall be marked on nameplate(s)
at least with the following data in a visible and legible manner:

a) serial number, if any, or name of the EH or EPM installation or equipment;

b) name and address of the manufacturer or authorised representative;

c) year of construction;

d) year of modification, if applicable;

e) number of phases and rated input voltage; when the EH or EPM installation or
equipment is intended to be used at different rated supply voltages, the association qf the
particular voltage and corresponding supply terminals as well as the type of connegction
shall be indicated on the nameplate;

f) type and value of rated input current;

g) rated input power; in case of-installations EH or EPM installation 61, equipment for
several voltage ranges, the maximum values for the power input pertaining to the voJtage
ranges shall be stated,;

0
~

input frequency and rated processing frequency or range of(processing frequengies,
here appropriate, shall be stated;

=

i) class and group of the EH or EPM installation or equipmeént’according to CISPR 11:2015
apd CISPR 11:2015/AMD1:2016, if applicable.

19.42 The EH or EPM installation or equipment shall be marked with all informatior] that
is nepessary for its safe use, for example
— the maximum workload or output to be processed,
— the maximum operation temperature,

— the atmosphere to be used (e.g. non-flammable, explosive, toxic, pressure rangg), if
specific,

— the necessity to wear personal protective equipment, and
— gpard or barrier adjustment:data.
19.43 Appropriate warnings shall be displayed, in particular against hazards, which cannot

be immediately perceived, such as caused by HV, ionizing radiation, non-ionizing radiatipn or
elecfromagnetic fields:

19.44 |EC 60204-1:20052016, 16.2-shall-be—used, applies for the marking of eledtrical
featufes.

Letters, words or symbols shall identify control and signalling devices-shal-be-identifigd-by
lettens.-words or symbols.

Identification of conductors shall be in accordance with 13.2 of IEC 60204-1:20052016.

The electrical components and their references to the circuit diagram in the documentation
shall be durably marked. The designation shall comply with the indications on the circuit
diagram.

19.4.5 The EH or EPM installation or equipment shall bear all markings which are
necessary to indicate its compliance with-relevant applicable requirements.

19.4.6 Information printed directly on the EH or EPM installation or equipment shall be
permanent and remain legible throughout the expected life of the equipment.
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Markings shall be durable, legible and clearly visible. Markings shall be in the language of the
country in which the equipment is to be installed, unless agreed differently. Written warnings
shall be drawn up in the language{s} of the country in which the equipment will be used for
the first time and, on request, in the language{s} understood by operators.

Markings, symbols, signs and written warnings shall be readily understandable and
unambiguous, especially as regards the part of the function(s) of the equipment to which they
are related. Readily understandable pictograms should be used in preference to written
warnings. Graphical symbols shall conform to IEC 60417 and ISO 7000. Signs, labels or
signboards shall be designed according to ISO 3864-1:2011. Annex G provides examples of
relevant symbols and safety signs.

¢
ol
el

(2]

+h

19.5, 2per
fe#m;%ma*b&aeeempame@a%eieewenm—dat& The mstructlon handbook mcludmg tecrmcal

documentation and manuals for installation, commissioning, \operation, maintenance,| and
decommissioning, shall be provided in paper form and can pefatcompanied by electronic|data,
unlegs local law allows for electronic data only.

19.5.2 The instruction handbook-er-otherwritteninstructions shall conform with IEC 82079-
1:2012 and shall contain at least the following infermation relating to transport, handling and
storage of the installation or equipment, including but not limited to:

a) slorage condition for the EH or EPM installation or equipment or parts of it;

b) dimension, mass-value{s}, position ofihe centre{s) of gravity;

c) indication for handling — for example, drawings indicating application points for l[ifting
equipment.

19.5. The instruction handbook—er—other—written—instructions shall contain at least the
following information relating_to installing and commissioning of the EH or EPM installation
or equipment, including but not limited to:

a) fixing/anchoringsand vibration dampening requirements, or foundation if necessary;

b) mandatory earth terminals in the vicinity of parts of the EH or EPM installatign or
equipment_ where it is necessary for maintenance and inspection that conductorg and
bare conductive parts are earthed after switching off the supply;

c) iffthe(EH or EPM installation or equipment is-net sent-assembled unassembled tp the
usex, specific instructions on unpacking of the equipment, checklist of parts, plan df the

IEC 61082-1: 2014 applles
d) i

messa#%ed—m*—metudmg—pemmss@#e—pﬁesswes mstructlons for connectlng the EH or EPM

installation or equipment to sources for working fluids, including their permissible
pressures (this includes water, hydraulic liquids, pressurized air, protective and reactive
gases and other working fluids);

e) instructions for connecting the EH or EPM installation or equipment to the power supply,
especially tolerable voltage and frequency fluctuations, and including protection against
electrical overloading;

f) test plan including all tests performed prior to connecting or operating the EH or EPM
installation or equipment;

g) assembly and mounting conditions;
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space needed for use and maintenance of the EH or EPM installation or equipment;

2020

permissible conditions of the environment — for example temperature, moisture, vibration,

electromagnetic radiation, intended atmosphere and atmospheric pressure;
recommendation about process waste removal or disposal, if applicable;

recommendation for the implementation of protective measures, safety distances, s
signs and signals by the user.

afety

19.5.4 The instruction handbook—er—other—written—instructions shall contain information
relating to the EH or EPM installation or equipment itself, such as the following:

d)

e)

g)

h)

';'GG”'GG‘G re—€GtHPMmentT; S R OSTgtarasS—ant—otme PTOTE€ ey

the comprehensive range of applications for which the EH or EPM installatio
equipment is intended, including prohibited usages;

djagrams, especially schematic representation of safety functions in conformity
Jlause 17 of IEC 60204-1:20052016;

dpta—on—noise—and—vibratioh—generated by —the—equipment; data on radiation, g
vppours and dust emitted by-i# the EH or EPM installation or egqlipment, includ
applicable-including reference to the measurement methods used;

technical documentation of the electrical equipment in conformity with Clause
IEC 60204-1:20052016;

dpcuments attesting that the EH or EPM installation."or equipment complies
andatory and regulatory requirements;

ekplicit warning, if emission from the—emitted<tfadiation EH or EPM installatig
ejquipment can cause a hazard;

ekplicit warning, if making the EH or EPM dnstallation or equipment electrically li
the purpose of measurement and inspection causes excessive stress to eleg
imsulation, including if applicable instrugctions for such tests and the maximum volta
be applied.

19.5/5 The instruction handbook—or—other—written—instructions shall contain inform
relating to the use of the EH or EPM installation or equipment, such as that related
descfibing the following:

a)
b)
c)

d)
e)
f)

g)

)
k)

ntended use;
manual controls (actuators);

ptting, adjustment’and the list of setting values and adjusting values of the EH or
stallation orequipment at the completion of the commissioning test;

= 0

odes and\means for start-up, operation and stopping (for example emergency stop);

r@sidual-risks;

iees:

n or
with

hses,
ng if

7 of
with
n or

e for
trical
ge to

ation
to or

EPM

rtain

reasonably foreseeable misuse and prohibited applications;
procedure for fault identification, location and for repair;

safe procedure{s) for restarting after an intervention or after a fault;
personal protective equipment to be used,;

required training.

19.5.6 The instruction handbook—er—other—writteninstructions shall contain information for
maintenance, such as the following:

a)

nature and frequency of inspection for safety functions;

b) specification of the spare parts to be used, when these can affect the health and safety of

the operator,;


https://iecnorm.com/api/?name=f7278026021e96654bee914b74f18353

IEC 60519-1:2020 RLV © IEC 2020 - 83 -

c) instruction relating to maintenance operations which require a definite technical
knowledge or particular skills and hence need to be carried out exclusively by a skilled
person;

d) instruction relating to maintenance actions, like replacement of parts, which do not require
specific skills and hence can be carried out by the operator;

e) drawings and diagrams enabling the operator to carry out his task, especially during
maintenance or fault finding;

f) maintenance items which can only be conducted by the equipment manufacturer or its
designated representative;

g) instructions, drawings and diagrams related to maintenance;

h) necessary consumables, such as cleaning and disinfection agents or lubricants;

i) type and specific characteristics of fuses.

19.5[7 The instruction handbook or other written instructions shall contaiminformation for

maintenance of electrical equipment of the EH or EPM installation or equipment, su¢h as

the fopllowing:

a) necessary testing of the resistance of earth circuits during maintehance;

b) mandatory testing of equipotential bonding and insulationOresistance values of the
cpnductors to earth and to each other during maintenance;

c) procedure for discharging capacitors and checking thecabsence of voltage on capacijtors,
iffapplicable;

d) instructions on escape routes during maintenances

e) procedures for maintenance work with equipment live — the voltage shall not exceefl the
LV limits;

f) preparation of the EH or EPM installation”or equipment for maintenance through switch
off, connection to earth and short-circuiting;

g) igstructions for maintenance in potentially flammable environments — no live circuit gr the
replacement of a lamp or fuse is~usually tolerable under such conditions — or procedure
for removing flammable atmospheres from the EH or EPM installation or equipment

h) instructions for maintenance'in areas liable to contain toxic gases, or procedurefs for
removing the toxic gases prior to work.

19.5 The instruction-frandbook or other written instructions shall contain information for

de-commissioning, dismantling or disposal.

19.5 The instruction handbook or other written instructions shall contain information for

emerngency situations, such as

a) the operating procedure to be followed in the event of an accident or breakdown,

b) the\ype of fire-fighting equipment to be used,

c) warning of possible emission or leakage of hazardous substance(s) and, if possible, an
indication of means for fighting their effects, and

d) instructions on the application of first aid to the victims of accidents of electrical origin.

19.5.10 If the instruction handbook or other written instructions contain maintenance
instructions provided for skilled persons and maintenance instructions provided for
instructed persons, they shall appear clearly separated from each other.
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19.5.11 The instruction handbook or other written instructions shall contain relevant
information concerning hazards to specific groups of persons — for example pregnant women
or people wearing implanted active medical devices.
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2| Electrical L
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S
\ particles
people/equipment explosion
S surface and ignites material
water or contamination
shock;
prospective circuit breaker : )
mechanical-electrical}-asa 14
nottastenough e
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dealt with in this document, that are identified by risk assessment as significant for EH or
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Annex A
(normative)

List of significant hazards

EPM installation or equipment and that require action to eliminate or reduce the risk.

Table A.1 — List of hazards dealt with in this document

|

Clause/su aé.l

Hazard e
. - - - of this ent
Origin Hazardous situation/event Potential consequence or refe\e e uskd
“ -
1 Mechanical IS 1}3‘577-1 :2016,
A 12100:201p
suffocation, ‘:\ .
bursting of vessel, impact, '\Cb
high pfessure gases and ejection of (hot) gases, explosion, (c) 12.3
liquidg falling or ejection of objects, being thrown, Q ’
ejection of (hot) liquids crushing, Q)
slipping or tri};@,
getting caught by part, shear «/
movaljle parts getting crunched between b S\ 15
crunching@)
parts </
N\
vacudm implosion of vessel, i t, 123
bursting of window L] ection or ejection '
N
2 Electrical Q\Q\
< electric shock,
\\,Q burn,
short-gircuit $ shock, 7,8
arc X7 electrocution,
Q\ falling or being thrown
live parts \O fire,
parts yhich have become \{~ chemic_al reaction,
live urjder fault conditions \\C) explosion, 7,10, 11
C) projection of molten
. particles
k\ ks
O§§ any other (e.g. electric)
P low pressure reduces through overcurrent or
arcingin vacuum C) breakdown voltage of gas disintegration of vacuum 7,13.13
&' system
O R
insufficient dist o live entering the high-voltage electrical shock,
parts junder H h 9 g g fire, 7,10, 11
. azard zone .
peopld /equrp ¥ t explosion
A\
Q/ fire,
\ chemical reaction
leakage current caused by sta?c electéu.:lty‘tbunds tup‘oln explosion, 10, 12
hot insulation or through surrace and ignites materia projection of molten
water or contamination particles
electric shock 7
shock,
any other (for example,
prospective circuit breaker mechanical, electrical) as 7 14
not fast enough a consequence of ’
equipment failure or
overheating
fire,
any other (for example,
prospective short circuit mechanical, electrical) as 7 10. 11

current

a consequence of
equipment failure or

overheating
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Hazard

Origin

Hazardous situation/event

Potential consequence

Clause/subclause
of this document
or reference used

inrush current causes relays

to weld and stick in ‘on’

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

discharge into electric
control or measuring
equipment

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or

oNvaetheating
T

resongnce in electrical
equipment (transformers,
inductprs, capacitors)

sustained resonance
generates excessive voltage
or current

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

13941

onboald electrical source
frequgncy variation

destruction of power
source

6,7, 14

overlojpd

workload contacts heating
means,
formation of foam

eruption or ejection of:
workload

underyoltage

any other (for gxample,
mechanical\&lectrical) as
a consequence of
equipment failure

6.5

overvdltage

overheating of electric
connections, melting of
insulation

any other (for example,
faechanical, electrical) as
a consequence of
equipment failure or
overheating

6.5

magnétic field

projection or ejection of
workload or other
metallic parts, effects on
medical implants, body
heating, neural stimulus,
any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

electr¢magneticAfafce

ejection of workload or
projection of metallic
parts,

effects on medical
implants, body heating,
any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

electric field

ejection of workload or
projection of metallic
parts, effects on medical
implants,

body heating,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

arc or plasma generating
ozone

breathing harm,
destruction of insulation,
coatings, parts

arc or plasma generating
UV light

destruction of insulation,
coatings, parts



https://iecnorm.com/api/?name=f7278026021e96654bee914b74f18353

- 110 -

IEC 60519-1:2020 RLV © IEC 2020

Hazard

Origin

Hazardous situation/event

Potential consequence

Clause/subclause
of this document
or reference used

electrostatic phenomena
causing arcs

electric shock,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

7,8

3

Thermal

burn,
dehydration,

hot en|

ironment

prolonged stay near
processing equipment

discomfort,

dizziness,

any other (for example,
mechanical, electrical) as
a consequence of a
human error

9, 10,\11

flame

1SO 13577-2

explog
aeros

ion of gas, dust,
Is

falling or ejection of objects,
ejection of (hot) gases

loss of integrity of equipment

any other (for example,
mechanical, electrical)-as
a consequence of
equipment failure

11, 13.14,
IEC 60079-1
ISO 13577-3

projed
erupti

tion or sudden
n of material

falling or ejection of objects
ejection of (hot) gases,
ejection of (hot) liquids,
thermal energy stored in
workload projects hazard

burn, scald,

impact, being‘thrown,
crushinggslipping or
tripping,

explasion,

any ether (for example,
nrechanical, electrical) as
a consequence of
equipment failure

8, 10, 11, 15

failurg

of cooling

therm
housir
struct

h| overload of
g, vacuum system or
ral parts

failurg
enclo
with li

of liquid cooling of
sure being in contact
huid workload

burn, scald,

impact, being thrown,
crushing, slipping or
tripping,

explosion,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
disintegration

12;
ISO 13577-1:20(16

object
high t

5 or material$ With a
bmperature

non-sufficient thermal
strength of parts of the
installation leads to break-up
during operation

burn,
ignition, explosion,
radiation

burn, scald,
poisoning

hot liq
hot liq

uids,
uid flowing out of a

vessel,

hot liq

uid flowing into water

falling or ejection of objects,
ejection of hot liquids,

liquid metal causes sudden
steam eruption

slipping or tripping,
explosion, ejection,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure

10, 11, 12, 15

superheated hot liquids

burn, scald,

poisoning,

impact, being thrown,
crushing, slipping or
tripping,

explosion,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure

10, 12

hot high pressure gases

scald, burn

10, 12
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Hazard

Origin

Hazardous situation/event

Potential consequence

Clause/subclause
of this document
or reference used

hot high pressure liquids

scald, burn

10, 12

radiation from heat sources

see "infrared radiation"
(No. 7)

9

pressure loss
(in workload or cooling

sudden boiling of liquid

burn, scald,
poisoning,

impact, being thrown,
crushing, slipping or
tripping,

explosion,

12.3

liquid

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure

4 Noise

nel i the scop

()

5 Vibration

1S® 13577-1:20[16

6 Electromagnetic fields below 300 GHz

electric field

burn,
dizziness,
body heating.

magnégtic field

magnetic field interacts with
installation and leads to
break-up

any other (fafexample,
mechanical,efectrical) as
a consequence of
equipment failure or
ovgrheating

magnégtic field

magnetic tools or personal
belongings in the vicinipy\of
the equipment

pfojection or ejection of
workload or other
metallic parts, effects on
medical implants,

any other as a
consequence of
equipment failure or
operator being hurt

7 Radiation — electromagnetic fietds)above 300 GHz

ionisirlg radiation

effects on reproductive
capability,

mutation, cancer,

burn,

severe illness or death,
any other (for example,
mechanical, electrical) as
a consequence of
equipment failure

9.2

ultraviplet tadjation

damage to eyes and skin,
mutation, cancer of skin

9.3

not suitable material
exposed to radiation

any other caused by
failure of parts, coatings

9.3

visible radiation

damage to eyes and skin,
burn

9.4

infrared radiation

burn,

damage to eyes,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

9.4

excessive heat transfer
through radiation

any other caused by
failure of parts

9.4, 11

ignition of flammable
substance by radiation

for example
workload gets stuck, or
accumulation of dust

burn,
fire, explosion,
noxious gases

9, 10, 11;

IEC 60079 (all
parts)
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Hazard

Origin

Hazardous situation/event

Potential consequence

Clause/subclause
of this document
or reference used

laser radiation

getting into the beam

damage to eyes and
tissue

9.5;
IEC 60825-1:2014

beam hits material

ignition, fire, explosion
any other through
destruction of parts

9.5, 11;
IEC 60825-1:2014

8 Material or substance related
aerosol,
combystibles
9ush lve breathing difficulties, _
fib‘r)e qive, suffocation, 10, 11, 123\13.14;
flammpable, cancer, ISO 1357%-1:20[16
fluid, corrosion, 1ISOM3677-2:20(14
fume, explosion, 1S0Y#4577-3:20(16
ire
gas,
mist,
oxidizgr
wet workload is added to \?Jgflt(';)onagf molten
worklpad contains water molten workload any other’through 19
sudden rise of pressure destruction of pasts
any other{(for example,
deposftion of conductive mechaniCal; electrical) as
. ; leakage current, arcing a codsequence of 13.13
layer ¢n isolator in vacuum : :
eqUipment failure or
tyerheating
9 Ergonomic
any as a consequence of 6.7 8.9 10 1
accesp moving into hazard zoxe a human being in the ' ’13’ 1;1 1’5 I
wrong place o
design or location of any °th‘?r (for exa".”p'e'
indicajors and visual display mechanical, electfrlcal) as 19.3
units a consequence of a
human error
desigr], location or any othe_r (for exar_nple,
identiffjcation of control mechanical, electfrlcal) as 14, 19
devicds a consequence of a
human error
discomfort,
fatigue,
flicker} dazzling, shadew, stress,
strobgscopic effeétby the any other (for example, 13.8, 14
installption mechanical, electrical) as
a consequence of a
human error
tripping due to dim lighting any other (for exampl«;,
e ) mechanical, electrical) as
lighting in installation not perceiving warning due a consequence of a 13.8
to glare human error
any other (for example,
handheld applu_:ator and overriding safety switch mechanical, electrical) as 13.12
open ended devices a consequence of a
human error
excessive effort,
human errors,
human misbehaviour
(unintentional or deliberately | any other (for example,
work process design induced by the design), mechanical, electrical) as 14 15

loss of direct visibility of the
working area,

painful and tiring postures,
repetitive handling at high
frequency

a consequence of a
human error
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Hazard

Origin

Hazardous situation/event

Potential consequence

Clause/subclause
of this document
or reference used

10 Associated with the environment in which the installation is used

General

ISO 12100:2010

electromagnetic disturbance

malfunction of the controls

any other as a
consequence of the effect
caused by the sources of
the hazards on the
equipment or parts of the
equipment

6.3, 14, 17

insuffigient lighting

tripping due to dim lighting,
not perceiving warning due
to glare

any oiher (for example,
mechanical, electrical) as
a consequence of a
human error

13.8, 19.2,499, 3,
195

flicker} dazzling, shadow,
strobgscopic effect by other
installptions

discomfort,

fatigue,

stress,

any other (for example,
mechanical, electrical) as
a consequence of a
human error

heighfjor air pressure

insufficient mass flow of air
for cooling

any other (for example
mechanical, fire)as a
consequensegiof
overheatifig

11 Combination of haz

ards

repetifive activity + effort +
high ejpvironmental
tempefature

déhydration, loss of
awareness, heat stroke

any cgmbination of
flammpble material or
worklpad, (heat) energy
and oxidiser

fire

any other
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Annex B
(normative)

Limits to touch currents

B.1 General

Hazards from touch currents are caused by currents flowing through the human body. The
root cause of a touch current is a touch voltage, but a touch voltage is often not a

suffigiert—rd ohr—fo haza+d he—eh Rg ent—depends—en—theo——spes of the

creafjon of a touch voltage and eventual sustainment of a current when touched. Figur¢ B.1
sumrparises the maximum permissible touch currents depending on the frequenty of the
electfic field.
NOTE| IEC TS 62996:2017 and IEC TS 60479-2:2017 provide the rationale and basics far-these limit4, and
detailg¢d information on effects on the human body depending on frequency of the field and the.€ontact area.
<
s A
7
-~
'
100 /
Z.
V4
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4
) /
‘I
/
el / ¥
10 2%
Tk w3
it 4
AV ¥
R V4
I —_ - p
-— Tt
T //” ¥ ‘
R ol <
- -
100 1000 10 000 100 000 Hz
IEC
Key
—— (full line) I;,aqys iN@dvertent touching causing aversion
— — — (dashes) Ipercep; approximate perception level in normal environments
——-(dots/dashes) L 1,5 x I 4 gripping or between the feet

NOTE 1 The lines between 60 Hz and 1 kHz are for information purposes only. The graphs are projected between
60 Hz and 1 kHz, to show the connection to mains AC requirements in other standards and similar.
IEC 61140:2016, 5.2.7 informs about the limit for perception and pain for DC and mains AC (50 Hz).

NOTE 2 No specifications are provided above 100 kHz, since local overheating (burns) is assumed to then be the
determining electric shock mechanism, and thus additionally being dependent on tissue impedances.

Figure B.1 — Maximum allowed touch and contact currents between 1 kHz to 100 kHz


https://iecnorm.com/api/?name=f7278026021e96654bee914b74f18353

IEC 60519-1:2020 RLV © IEC 2020 - 115 -

B.2 Risk classes

Table B.1 provides a risk classification based on the limits from Figure B.1 and includes a
distinction between

— possible accidental touch of accessible surfaces — i.e. contacts that may or may not
happen, with low to very low frequency and on a non-regular basis, and

— intended contacts — i.e. contacts that happen on a regular basis.

Intended contacts include gripping on rails and at elevated positions, for lifting or handling.

Table B.1 — Risk classification for hazards from touch currents Q
A\s
Risk class Touch current Restrictions and Information %aﬁaining
- - protective measures
accidental touch intended (l/
touching only by the (1/
manufacturer .
or recurring Q
e/
Not perceivable, no bodily reaction No restriction <O'No information needed
0 | |Exempt or hazard —i.e. a factor of 5 below -Q
the dashed line in Figure B.1 ©
Restrictions may, Information about hazards,
Perceivable, but no other bodily indicated depen risks and secondary effec{s to
1 | ow risk | reaction or hazard —i.e. a factor of 2 | on the result& risk be provided by the
above the dashed line in Figure B.1 assessme&ts e by manufacturer
t er
v Information about hazards,
\\ risks and secondary effec{s to
%Q be provided by the
Below the dot- Below the full pecial restrictions manufacturer.
2 Voderate dashed line i line i (%) d tecti
risk ashed line in line in s(\ and protective B N
Figure B.1 Figure B.1 measures essential If specific training of thp
$ operator is deemed necegsary
%) by the manufacturer, he ghall
Q\ indicate this
Q .
Above the dot- B\e the full _Informat|on about hazards,
. ) M L risks and secondary effec{s to
3 High risk dashed line in X©) line in No access ;
. N be provided by the
Figure B.1 BN Figure B.1
C) manufacturer
B.3 | Body mo
Figude B.2 p@%es an applicable model for impedances of body parts.
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\ Skin . Spread
Primary O—:— | | I:
contact area ! R C | | .I R
s s t
Skin and adjacent tissue
5n 160p Gripping
(closed)
Firger o
1= 3 x 108/(fA) Q 740 730 430 Finger
L _ —4 contact
= 1x107°4 pF &)
£, = 150014 Q
Where fis in Hz and 4 in mm?
1,3n
Sum of arm,
t dl 540
orso and leg 1.8k

Connection to

secondary contact area
IHC

SOURCE: Kanai et al (Copyright © IEEE. All rights reserved. Reprinted, with permission, from the publisher

Figure B.2 — Complex impedances of various parts of the body, 1 kHz to 6 MHz
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Annex C
(normative)

Non coherent optical radiation — Limits and risk classes

C.1 General

Annex C provides a classification of emission limits and risk zones according to the general
scheme of Table 3. This specific classification is provided in Table C.1.

Table C.1 - Risk classification for optical radiation (UV, VIS, IR) \/A

&
Rigk class Laser class Restrictions and protective Information and@?ning
measures
IEC 60825- Q
1:2014 \(],
0 Exempt 1, 1M No restriction No informat'@\/needed
4
Restrictions may be indicated Informati Xbout hazards, risks §nd
1 Low risk 2, 2M depending on the result of a risk seco effects to be provided py
assessment done by the user thg.n%mfacturer
‘bt’mation about hazards, risks @and
$<\ condary effects to be provided py
5 |[Moderate 3R. 3B Special restrictions and protective () the manufacturer.
risk 7 measures essential The manufacturer shall indicate o
O the user if specific training of the
\Q operator is necessary
g\Q Information about hazards, risks §nd
secondary effects to be provided py
@ the manufacturer.
3 High risk 4 Access possible n protected by
a igh ris personal prote@e equipment The manufacturer shall indicate fo
. the user the necessary specific
A\ training of the operator and the
«O) personal protective equipment
\%\' Information about hazards, risks §nd
3 High risk 4 I\K\Qo ess secondary effects to be provided py
C) the manufacturer

NOTE|1 Annex C, as @QS the consideration of optical radiation, is based on IEC 62471:2006. IEC 62§71 is
under|revision and will published as IEC 62471-1 in the future. The revision of IEC 62471 is quite substfantial,

affecting a change ‘an exposure viewpoint to an emission framework: this development is (i) in line with the
revisign of this d nt, and (ii) has been followed and included here.

NOTE|2 IE 1:2006 or the future IEC 62471-1 are the basic documents providing full guidance on all agpects
relevant fof ayfull understanding of optical radiation hazards, a more detailed risk assessment, or measurement of
emissli

The manufacturer shall define the boundary of the EH or EPM installation or equipment
with respect to the emission of radiation according to the rules in Clause C.2. He shall either
make use of the emission limits defined in Clause C.3 or make his own risk assessment
based on intended use. He shall inform the user about the used risk classification.

NOTE 3 The risk classes for emission provided in this document are based on simple worst case scenarios.

Annex C does not apply to radiation emission from lighting.

C.2 Boundary of the installation or equipment and assessment

Emission is defined outside a boundary enclosing the EH or EPM equipment or installation
as defined by the manufacturer. This boundary shall be defined by the surface of the
equipment, or any barriers, doors, etc., that hinder access.
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In the absence of physical boundaries, the boundary is defined as the surface up to which an
operator is intended to near the equipment in normal operation or single fault condition.
Definition and a drawing of this boundary shall be provided to the user.

In case of an opening in a furnace, this boundary will be defined by the plane of the outer
frame of the opening unless an operator is intended to get into this opening during normal
operation or single fault condition.

C.3 Non-coherent optical radiation — Risk classes

C.3. Approach Q
The flisk classes are worded in a two-stage approach: Qy
1) aJgeneral requirement, defining the risk class and to be met always; (19

Q
2) aldetailed list being based on some worst case assumptions which sh Iﬂa met unless the
manufacturer shows otherwise that the general requirement is met.q,

C.3.9 Optical radiation — Risk class 0 Q@'\

The EH or EPM installation or equipment does not pose anyphotobiological hazard ipside
the zpne of risk class 0. Other hazards or risk may still be ap@ble.

X

NOTE| Persons can stay for any time inside this risk zone without tQ‘n nstructed or informed about hazardp from

optical radiation. 0
n

This |is met either for the EH or EPM installatio equipment, or for each single sourge of
accepsible emission either if it does not emitsé& significant radiation between 200 nm and
3 000 nm at all or the following applies. ‘QQ)

0
1) Accessible emission from thermall radiation is either caused by sources with a
mperature below 275°C only orij\@aused by surfaces of higher temperature and smaller
ew factor (aperture).

< =+

2) No part of the emitted radiatm\% focused outside the boundary.

3) case UV or plasma ar ‘%zgft of the intended process, it does not generate any emigsion
apove 1 mW m2 in the §¢1) weighted wavelength band between 200 nm to 400 nm of any
emission above 10@§m-2 in the wavelength band between 315 nm to 400 nm outsidg the

bpundary. O
4) Ifdoes note 'tgﬂy radiation with a weak visual stimulus.
C.3. Ristass 1 (low risk)

The EH %PM installation or equipment does not pose any photobiological hazard inside

the risk class 1 as long as normal behavioural reactions to the emission are upheld.
Othel zards or risk may still he nppli(‘nhlp

Persons may stay for any time inside this risk zone. They need to be informed about risks
arising from overriding their normal aversion reaction. The user shall be informed that any
task involving an overriding of normal aversion reaction involves additional risks.

NOTE This includes long term monitoring of a process or a surface.

This is met either for the EH or EPM installation or equipment, or for each single source of
accessible emission if the following applies.

1) Accessible emission from thermal radiation is either caused by surfaces with a
temperature below 400 °C only or is caused from sources of higher temperature and
smaller view factor (aperture).

2) No part of the emitted radiation is focused outside the boundary.


https://iecnorm.com/api/?name=f7278026021e96654bee914b74f18353

IEC 60519-1:2020 RLV © IEC 2020 - 119 -

3) In case UV or plasma are part of the intended process, it does not generate any emission
above 3 mW m-2 in the S(1) weighted wavelength band between 200 nm to 400 nm or any
emission above 33 W m2 in the wavelength band between 315 nm to 400 nm outside the

b

oundary.

4) It does not emit any radiation with a weak visual stimulus.

C.34 Risk class 2 (moderate risk)

The EH or EPM installation or equipment does not pose any photobiological hazard inside the
zone of risk class 2 as long as operators follow immediately their normal physiological
aversion reaction to bright light or normal physiological aversion reaction caused by thermal

disc

The
poss

This

mrort.. Utner nazaras or risk may still be applicable. A

manufacturer shall advise the user that any intended action inside this zéa}/is
ble with protective measures and that access restrictions are mandatory. (19
Q

accepsible emission if the following applies. Oy

1)

2)

ccessible emission from thermal radiation is either caﬁﬁ by surfaces w
mperature below 550 °C only or is caused from sources
maller view factor (aperture), but not from surfaces exceeding 2 500 °C.

o part of the emitted radiation is focused outside the bg{ ary.

3) I case UV or plasma are part of the intended proc ,Qt does not generate any emigsion
anEove 30 mW m=2 in the S(1) weighted wavele@ and between 200 nm to 400 nm or
a g

y emission above 100 W m2 in the wave th band between 315 nm to 40
oputside the boundary. 0\\
4) Iydoes not emit any radiation with a wea\ko@sual stimulus.
C.3.4 Risk class 3 (high risk) $\'
Any equipment that can pose a hazafN\even for momentary or brief exposure to acces

is met either for the EH or EPM installation or equipment, or for eaqhqéingle sourge of
s/

only

th a

higher temperaturg and

) nm

bible

emisfsion, or which exceeds the sl\'@its for risk class 2 (moderate risk), is classified in risk

class

C.3.4

For the definition of

this ¢

C.3.7

Cohs
class

3 (high risk). N~
O

N
Pulsed equipmenp

-

ocument, 6.2 ¢f JEC 62471:2006 applies accordingly.

.

Ra@ﬂm from laser sources

ren on-ionising radiation is emitted from lasers. Table C.1 summarises

clas

ification-used in Clause 4.

classes for accessible emission from pulsed sources covergd by

the

ifiCafion of equipment according to IEC 60825-1:2014 and connects it withl the
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Annex D
(normative)

Electric and magnetic fields

D.1 General

Annex D provides a classification of limits on field strength, energy flux and risk zones
according to the general scheme of Table 3.

The manufacturer shall define the boundary of the EH or EPM installation or e u~i¥nent
with [respect to the generated electric and magnetic fields emitted by the % EPM
instgllation or equipment according to the rules in Clause D.2. He shall eithe ke upe of
the e¢mission limits defined in Clause D.3 or make his own risk asses@nt baseld on
intended use. He shall inform the user about the risk classification used.

0

NOTE| Information about exposure limits is given in IEC TS 62996:2017 f% electrlc fields apd in
IEC T 62997:2017 for magnetic fields. The information is provided for the undersé; ng of the rationale Behind
the emission limits provided and to enable assessment of emission in special not covered here, espgcially
for thg near-field region. C)

D.2 | Boundary of the installation or equipment anq sessment

Field| strength and energy flux (emission) are defin@and measured outside the boundary
enclgsing the EH or EPM equipment or installati defined by the manufacturer.| This
bounpary is defined by the surface of the equip &nt or any barriers, doors, etc., that hjnder
accesps or other easily identifiable surfaces, sucf\ s enclosures.

In th¢ absence of physical boundaries, t%xbbundary is defined as the surface up to whigh an
operptor is intended to approach th quipment in normal operation or single [fault
condition. The definition and a drawmb of this boundary shall be provided to the user.

xO
In cgse of an opening in a furpace, this boundary will be defined by the plane of the puter
fram¢ of the opening unles operator is intended to get into this opening during ngdrmal

operption or in single fault condition.

All a¢cessible emiis';@1 is measured at a distance of 0,25 m from the accessible surfacges or
openjngs of the or EPM installation or equipment, unless otherwise indicated]| like
surfa}“es inten to be touched or creating a field with high curvature. Then|l the
mantyifactur all provide a risk assessment based on meaningful positions.

All me ments are to be averaged over a minimum time of 1 s for frequencies RQelow
100 | d 6 min for frequencies above 100 kHz. Other integration limits may be appligd for
intermittent operation; the manufacturer shall inform the user about the integration time used.

Disturbance of the field shall be avoided or reduced to a minimum. Objects placed near the
EH or EPM installation or equipment or near the measurement equipment, including
personnel undertaking the measurement, are root causes of such disturbances.

D.3 Risk classes

D.3.1 General

The classification depends on the assessment of field strength and energy flux over the
complete range of frequencies from 0,25 Hz to 300 GHz for each single location, where the
highest single emission band defines the risk class. More than one source can contribute to
the emission at any position.
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NOTE The risk classes are based on possible worst case exposure from the EH or EPM installation or
equipment in the zone.

D.3.2 Risk class 0

The EH or EPM installation or equipment does not pose any hazard from electric or
magnetic fields or energy flux inside the zone of risk class 0. Other hazards or risk may still
be applicable.

NOTE 1 Persons can stay for any time inside this risk zone without being instructed or informed about hazards
caused by electric or magnetic fields.

This f
does|not exceed the maximum permissible exposure (MPE) limits for the general K/ ic, as
defined in IEEE C95.6 for 0 Hz to 3 000 Hz and IEEE C95.1 for 3 kHz to 300 GHz.

NOTE|2 These standards define MPEs as undisturbed homogenous fields — no person in&field; thlis the
definitjyon is identical to the definition of accessible emission as defined in this document. (1/

NOTE|3 Local regulations can provide other limits. q/
D.3.3  Risk class 1 (low risk) Q‘o

The [EH or EPM installation or equipment does not poseC3ny hazard from electrjc or
magnetic fields or energy flux inside the zone of risk clas if the operator is instriicted
abouf residual risks and safe practices and procedures. Pér\s ns may stay for any time ipside
this rjsk zone. Other hazards or risk may still be applica@e@

No geparate limits to risk class 1 are identifie(KQ his document. The wearing of dctive
implgnts is not advised in risk class 1 or higher.s\g\

The [manufacturer can identify limits to& class 1 depending on the specifics of the
accepsible emission. $
.\@
D.3.4 Risk class 2 (moderate r'@k
-

The [EH or EPM installationé? equipment does not pose any hazard from electric or
magnetic fields or energy fg}\inside the zone of risk class 2, if the operator is instrTcted
about residual risks, safe practices and procedures. Other hazards or risk may still be

applifable. O

This js met eithe&;@[‘he installation or for equipment, or for each single source of emissj|on if

.

it dogs not ex the maximum permissible exposure limits for controlled environment, as
defingd in IEE%EQS.G for 0 Hz to 3 000 Hz and IEEE C95.1 for 3 kHz to 300 GHz.

NOTE|1 'IGe‘se standards define MPEs as undisturbed homogenous fields — no person in the field; this the
definit] o&identical to the definition of accessible emission as defined in this document.

NOTE 2 Local regulations can provide other limits.

The manufacturer can identify other limits to risk class 2 depending on the specifics of the
accessible emission and the field, as long as the basic requirement for risk class 2 is upheld.

D.3.5 Risk class 3 (high risk)

Any equipment that can pose a hazard even for momentary or brief exposure, or which
exceeds the limits for risk class 2 (moderate risk), is classified in risk class 3 (high risk).
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Annex E
(normative)

Surface temperature

IEC 60519-1:2020 RLV © IEC 2020

limits

Annex E provides limits for surface temperatures that can be touched. Limits for accessible
surfaces in normal operation are provided in Table E.1.

Surfaces that are accessible but exceed these limits in normal operation or single fault
condition shall be marked with symbol IEC 60417-5041:2002-10.

These limits do not apply for surfaces that are heated by their environment_to,h

tempgratures; such surfaces do not need to be marked.

ISO 13732:2006 provides information about the effects from prolonged contagct

Table E.1 — Surface temperature limits in normal opgeration

igher

Part Surface material 2 Limit
metal, uncoated or anodised 65 °C
. . metal, coated with paint or other 65°CP
enclogure including doors,
windows, guards and screens, plastic and wood 80 °C
barrigrs and obstacles, not - N
intendd to be touched glass and ceramics 80 °C
small segregated areas)not likely o
to be touched 100°C
metal 55 °C
handl¢s, knobs and other surfaces . N
intended to be touched plastic and ygod e
glass and 'c¢éramics 65 °C

@ Thle major constituent, defining the heatransfer rate of the part.

b Higher temperature up to 80 °C islallowed when the thermal conductivity of the coating reduces hleat

trgnsfer.
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F.1

Annex F
(normative)

EH, EPM and fire

Occurrence of fire

A fire hazard occurs if combustible materials and oxidizer in sufficient quantities are in contact
with each other and sufficient energy to ignite them is available — refer to the fire tetrahedron

depig

teod—ir-E g H-o—2 ef |S() 10353-2040

It is the purpose of EH and EPM installations and equipment to transfer heat to

in nd
near
plasr]

qﬁ)}drk
rmal operation. Single fault conditions may provide heat at any other_pesition
the EH or EPM installation or equipment. Hot surfaces, intense optic iation,
has, hot gases or liquids are a feature of and are to be expected 1 or insid

instgllations. Plasma or static electrical discharges can occur in EPM instaliations. Pla

disch
point
can |

p
p

F.2

In al
oper
intro

F.3

ISO
safeg

Any
effec

Safeguardin@d/or complementary protective measures

O

9353:2019 vides the general methodology for reducing the risk of fire thn
uarding or complementary protective measures.

one single fault condition:

load
in or
arcs,
e EH
smas,

ment

hition

e EH

rmal
can

arges and other electric phenomenon can provide extra energy ;@{ lowering the flame
or lead to ignition. The normal operation of an EH or EPM i llation or equip
ave the purpose to %Q
rocess flammable or combustible material, C)
focess flammable or combustible material in oxidising }osphere, like air, and
ise the temperature of the workload above the t Qperature, where spontaneous ig
the workload is possible or happens. Qé
ents can lead to heat or hot material bein@tributed inside or in the vicinity of th
M installation or equipment. O
)
Inherently safe design meas@&s
Q\

cases where two of the th@é elements of the fire triangle are part of the ndg
tion of the EH or EPM j llation or equipment and any single fault condition
uce the third factor, it jg\\tipossible to achieve an inherently safe design.

ough

5 the

D f ;@Iowing measures, when applicable, reduces the risk of fire, as it minimise
!

a) all measures that prevent electric spark forming at the workload or inside the processing
volume (see Clauses 7 and 8);

b) p

hysical separation between electric equipment and processing volume;

c) limiting thermal energy of materials, parts, components and workload — low mass, low
temperature, low specific heat capacity;

d) avoiding non-homogenous heat transfer, especially small zones of very intense power.

The following measures, when applicable, minimise a fire or its spreading:

e) limiting or minimising availability of air; minimising air flow; minimising physical space
filled with air near the workload;

f) p

roviding separate compartments for different steps of processing.
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Information for use

2020

It is obvious, as stated above, that an EH or EPM installation or equipment, that heats
potentially flammable material or processes potentially flammable material in oxidising
atmosphere, is not inherently safe. Still the manufacturer in his own interest shall inform the
user of fire hazards with respect to the combination of (i) air or oxidising material, (ii) heat or
other sources of energy, and (iii) flammable or ignitable material. The manufacturer can limit
the intended workload to that which poses a small or negligible fire risk and instruct the user

about this.

Only the ing:

a) including the risk of fire in his own risk assessment; é

b) processing intended workload only; Q@

c) applying extra caution, when the workload is flammable or can igniteg(léthis incJudes

onitoring the EH or EPM installation or equipment or position wh.gte the hazdrd is
pronounced and extinguish the fire at the earliest stage before it cre tg'?s\é hazard;

d) npt stockpiling potentially combustible material near the EH ,ofNEPM installatidn or
equipment; "near" is defined as can potentially be ignited eithéﬁough heat from the EH
or EPM installation or equipment, or from fire inside th or EPM installatign or
equipment, or from hot material expelled or flowing fron& EH or EPM installation or
eguipment; A\

$\
NPTE Heat can be transferred through fields, radiation, cm%ec on, conduction, mass flow; radiatign and
fig¢lds can be focused, thus exceeding hazardous limits only istance.

e) cleaning and removing of potentially flammabl Quaterial from the EH or EPM installation
or equipment and its surrounding before j ses a hazard - including aggregatipn of

aterial inside the EH or EPM installatimbo equipment;

f) aoiding ignition through never exceed® normal operation and other applicable|safe
pfocedures; this includes understandi@ and safeguarding procedures against overhefting,
ojerfilling and other factors that Cil\ crease the hazard of fire;

g) chprefully observing the equipm@t during operation, and early identification of any s|ngle
fault condition that can — ifslg.ft alone — become a source for a hazard of fire;

h) eprly and full maintenan@\és indicated by the manufacturer;

i) apoiding leakage of potentially flammable substances at or near the EH or [EPM
installation or eq ent;

j) apsuring that @nly skilled and instructed persons can operate the EH or [EPM
imstallation @equipment;

k) providin icient distance to other equipment and installations to hinder spread df fire
betwe m; this includes extra measures to safeguard installations from each otheF;

) p o@.ﬁg sufficient measures for personnel to flee in case of fire.

The manufacturer shall instruct the user about this when applicable.
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Annex G
(normative)

Marking and warning

G.1 Electromagnetic field hazards

All areas where exposure to hazardous electric or magnetic fields is expected shall be
marked when they are risk class 1, risk class 2 or risk class 3 as defined in Annex D or
natiop egtHations—indi = moles—of marking—presented—in jgHHe senrsist of

) and textJgbels,

graphical symbols registered in IEC 60417 (

whicl state the kind of field, the class and the reference.
il N [ l \
i | | | |
Caution, static Caution, Caution,
magnetic field electric field magnetic field
class X class X class X
(IEC 60519-1) (IEC 60519-1) (IEC 60519-1)

Figure G.1 — Examples off marking for magnetic and electric fields

G.2 | Touch currents and:surfaces

All siirfaces where exposure to touch currents is expected shall be marked, when they are
risk ¢lass 1, risk clasg2yor risk class 3 as defined in Annex B. Examples of marking given in
Figule G.2 consist(of”graphical symbols registered in IEC 60417 (see Table G.1 fofr full
refergnce) and teXt.labels, which state the kind of hazard, the class and the reference.

[ N [ o
/ S \ / S 1)) \
L _ | |
Caution, touch Caution, touch current
current or voltage that can cause burns
class X class X
(IEC 60519-1) (IEC 60519-1)

Figure G.2 — Examples of marking for touch current
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Optical radiation hazards
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All openings or areas where exposure to radiation is expected shall be marked, when they
are risk class 1, risk class 2 or risk class 3 as defined in Annex C. Examples of marking given
in Figure G.3 consist of graphical symbols registered in IEC 60417 (see Table G.1 for full
reference) and text labels, which state the kind of hazard, the class and the reference.

[ 1
auley
a_ﬂo"_
- Ay
£ /'I‘\)
L _
Caution, Caution, Warning, laser
very bright light infrared radiation radiation
class X class X class X
(IEC 60519-1) (IEC 60519-1) (IEC 60825-1)

Figure G.3 — Examples of marking for optical radiation

G.4 | Symbols and signs used for markings @nd warnings
Tabl¢ G.1 provides examples of other symbals and signs applicable on EH and |[EPM
instgllation or equipment. Applicable signs’ and symbols from |EC 60417, 1SO 7040 or
ISO 7010 shall be used to warn operators™»Safety or warning signs and labels used on the
EH @and EPM installation or equipment shall be specified in the information for| use
accofding to 19.4.
Table G.1 — Examples of symbols and signs for use in EH or EPM installations
Symbol/sign Reference Description Clayse
e IEC 60417-5036:2002-10 Dangerous voltage 7|
A IEC 60417-6042:2010-11 Caution, risk of electric shock 7|
/f\\ IEC 60417-6204:2013-07 Caution static magnetic field hazard
7 1T X >
@ IEC 60417-6205:2014-08 Caution, alternating magnetic nearfield 8
hazard
& IEC 60417-6206:2013-07 Caution, electric field hazard 7,8
& IEC 60417-6207:2013-07 Caution, touch current that can cause 7.8
burns
é IEC 60417-6208:2013-07 Caution, touch current or voltage 7,8
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Symbol/sign Reference Description Clause
@ IEC 60417-5019:2006-08 Protective earth; protective ground 7
IEC 60417-6175:2012-11 Live_worki_ng, unsuitable for hand- 7
manipulation
ISO 7010-P007:2011-05 No access for people \_Nlth active 8
implanted cardiac devices
@ ISO 7010-P014:2011-05 _No access for people with metallic 8
implants
, ISO 7010-P008:2011-05 No metallic articles or watches 8
" ! Caution, non-ionizing eléétromagnetic
IEC 60417-6166:2012-07 radiation; 8,P
£ g Caution, microwavésradiation
(((;,))f IEC 60417-6167:2012-07 Keep out of microwave radiation 8
A
IEC 60417-6151:2012-02 Cadtion, infrared radiation 9
DA IEC 60417-6069:2011-08 Caution, very bright light 9
! /'I‘\)
& ISO 7010-W004,2011-05 Warning, laser radiation 9
& IEC 60417-5041:2002-10 Caution, hot surface 1
IEC 60417-6056:2011-05 Caution, moving fan blades 6’110’
A IEC 602417-6057:2011-05 Caution, moving parts 14
o
@ IEC 60419-6182:2013-09 Installation, electrotechnical expertise 7,19
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Annex H
(informative)

Guidelines on using this document

H.1 Guidelines

This document gives a large number of general requirements that can or cannot be applicable
to a particular EH or EPM installation or equipment. A simple reference without any
qualifieat B s sufficient—A—manufasturerof an fon or
equipment for which no Particular requirement exists, should use this document Q

N\
a) bly selection of the most appropriate option(s) from the requirements given irbt%relevant
clauses, and (1/

b) bly modification of certain clauses, as necessary, where the Particular reﬁ@ements fqr the
installation or equipment are adequately covered by other relevant starj&ards,

)
providing the options selected and the modifications made do not ad@s'}sely affect the leyel of
protegction required for the installation. %Q

Whe applying the principles listed above, it is recommende@%{

g¢ference be made to the relevant clauses and subClauses of this document thaf are
cpmplied with, indicating where relevant the appli e option,

—

— rgference be made to the relevant clauses a{;ﬁgsubclauses of this document that [have
ben modified or extended for the specific e@ ent requirements, and

gference be made directly to the relevant standard, for those requirements fof the
electrical equipment that are adequate@overed by that standard.

o

|
-

In all|cases, expertise is essential to bg@ble to
3

— rg¢ad and understand all of the v@uirements of this document,
— choose the applicable req @ents from this document where alternatives are given,

identify alternative or qu.iklonaI Particular requirements that differ from the requirements
of this document omyare not included in the latter, and that are determined by the
irstallation and its&

— specify preci&ﬁt)\ose Particular requirements, and

— upe this dOQL

Figune 1 i lock diagram of a typical installation and can be used as the starting po|nt of
this tas e complementary Table 2 indicates the clauses and subclauses dealing| with
partig provisions or equipment. However, this document is a complex standard| and
TableZz Tan hetp identify the apptication options for a particutar instattation or equipment and
gives reference to other relevant standards. Further, Table 2 helps identify those
requirements that are applicable and those that are not for a specific installation or equipment.

nt for risk assessment purposes.

The primary responsibility of the manufacturer with respect to safety of EH or EPM
installation or equipment is given in 6.1.1.
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H.2 Examples of EH and EPM equipment

Typical industrial equipment in the scope of this document is used in installations with the
possible use for

— direct resistance heating,

— indirect resistance heating,

— electric resistance trace heating,

— induction heating,

~ST-W-EE 1 2N ££ $ £ 1 fraorao i atio fo oo oot
- u Ty o CTToUT UT CTo oo ag o to TOTOTC S O Thiat

'c heating, including submerged arc heating,
ectroslag remelting, Q
asma heating and plasma surface treatment, Q(l/

a
e
p

— nficrowave heating and microwave drying, (1/
dlelectric heating and melting, '\Q’
p

Ffocesses using electron guns, like melting,

S

— infrared radiation heating,

— ultraviolet radiation treatment, and \Q/C)
— Igser heating. 6\
NOTE| The list presents typical examples of applications and is r@%(haustive.
N\
N
Z
\$\‘0
¥
xO
O
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Annex |
(informative)

Connection with ISO 13577 (all parts)

The 1SO 13577 series of standards developed by ISO/TC 244 (Industrial furnaces and
associated processing equipment) addresses the safety of all kinds of thermal processing
equipment (TPE) and of industrial furnaces. These standards cover TPE using many kinds of
fuels and electric energy for the generation and application of heat. The scope of
ISO 13577 (all parts) and IEC 60519 (all parts) overlap in parts; therefore, Annex | provides

d L ) () H L. b n 'l
gUI qIieT UTT TTUW NS SLUPCTS AdlTu iciln appynuauult dairc CUTITITULITU.

3

The manufacturer can derive his decision from his understanding of the TPE ipment:
wherk any kind of fuel is the sole or basic source of heat, ISO 13577-1:2016 ap&/@s
If thg TPE is mainly a machine and involves electroheating, the gener quwement; are

giver] from the application of ISO 13577-1:2016. At least all requwe nts addressing the

electric heating then follow an application of this document.

o

If thg manufacturer is designing an EH or EPM installatlobS@equlpment that is mot a

maclline, this document is the applicable type C standard Q/
N\

safety aspects of one or more products within th
standards reference each other where appropri

Both|ISO 13577-1:2016 and this document are product;ﬁ y publications and they covr all

ope of a single product TC. |Both
and in an unambiguous way. |This

document provides orientation and references toSO 13577 (all parts) in Clause 4, Taple 2

and throughout this document where indicated. %

respgct to ISO 12100:2010), he will be

In th¢ case a manufacturer uses 1ISO 13%’&1:2016 as basic standard (type-C standard with

rred to this document for requirements concefning

electfical safety, electroheating, dir@\s or indirect contact to hazardous-live parts| and
effects of electrical overload. It ca@en be possible to make use only of Clauses 7 and|8 as

well [as applicable parts of CI
document. C)\\

O
D
&

14 and 18 including the related annexes of this
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Annex J
(informative)

Requirements specific to the EU and associated countries

J.1 General

The specific regional requirements given in Annex J are applicable to the EU and associated

countries. The requirements of Annex J shall ensure a level of safety at least equivalent to the
mainbedy—efthis-documont

.......

J.2 Connection with ISO 13577 series

This [document conform with the safety objectives of the Directive 2014/35/EY (Low Voftage
Diredtive) and shall be cited in the Official Journal of the EU (OJEU) under that directive in
due fime. This document generally conforms with the safety objectives of the Dirgctive
2006f42/EC (Machinery Directive) as well, but is not intended to ¢be" published undef this
directive in the OJEU.

In case the manufacturer designs thermoprocessing equipment that is a machine| and
involyes electroheating, the general requirements aré_given from the application of
ISO 13577-1:2016. The Particular requirements then follow from a joint application of pther
parts| of the ISO 13577 series and for all aspects cennected to electroheating fron this
document. This connection is illustrated in Figure J.4/

NOTE| A machine is defined in the Machinery Directive of'tfté European Union 2006/42/EC as "an assembly| fitted
with of intended to be fitted with a drive system other than directly applied human or animal effort, consis{ing of
linked|parts or components, at least one of which mowes, and which are joined together for a specific applicatjon".

Thermoprocessing
General requirements
EN 746-1:1997+A1:2009
(ISO 13577-1:2016)

Combustien Electroheating Protective and reactive
gnd fuel handling*systems (this document) atmosphere gasses
EN 746-2:2010 EN 60519-1, identical to EN 746-3:1997+A1:2009
(1ISO13577-2:2014) IEC 60519-1 (ISO 13577-3:2016)

IEC

Figure J.1 — Hierarchy of standards applicable to thermoprocessing machinery
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY IN INSTALLATIONS FOR ELECTROHEATING
AND ELECTROMAGNETIC PROCESSING -

Part 1: General requirements
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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
national electrotechnical committees (IEC National Committees). The object of IEC s to pr
ernational co-operation on all questions concerning standardization in the electrical and (electronic fiel
5 end and in addition to other activities, IEC publishes International Standards, Techhical Specific
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereaften referred to as
blication(s)"). Their preparation is entrusted to technical committees; any IEC Natiorial Committee inte
the subject dealt with may participate in this preparatory work. International,” governmental and
vernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates d
h the International Organization for Standardization (ISO) in accordancerwith conditions determin|
feement between the two organizations.

e formal decisions or agreements of IEC on technical matters express,/as nearly as possible, an interng
hsensus of opinion on the relevant subjects since each technical ‘committee has representation fr
erested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC N
mmittees in that sense. While all reasonable efforts are-made to ensure that the technical content

blications is accurate, IEC cannot be held responsible¥for the way in which they are used or fdq
Sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible ip~their national and regional publications. Any divern
ween any IEC Publication and the corresponding national or regional publication shall be clearly indic3
latter.

C itself does not provide any attestation\'ef conformity. Independent certification bodies provide conf
Eessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible f
fvices carried out by independent certification bodies.

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

liability shall attach to IEClor its directors, employees, servants or agents including individual exper
mbers of its technical committees and IEC National Committees for any personal injury, property dam
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
benses arising out (©f\the publication, use of, or reliance upon, this IEC Publication or any othg
blications.

ention is drawn\to' the Normative references cited in this publication. Use of the referenced publicati
ispensable for_the correct application of this publication.

ention is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent rights: IEC shall not be held responsible for identifying any or all such patent rights.

Inter
Industrial electroheating and eleciromagnetic processing.
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natiohal Standard IEC 60519-1 has been prepared by IEC technical committesg

27:

This sixth edition cancels and replaces the fifth edition published in 2015. This edition
constitutes a technical revision.

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

a) removal of noise from the scope;

b) clarification of EMC requirements;

c) risk classification of hazards based on emission for all processing frequencies;
d) clarification of boundaries between IEC 60519 (all parts) and ISO 13577 (all parts).
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The text of this International Standard is based on the following documents:

FDIS Report on voting
27/1121/FDIS 27/1123/RVD

2020

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

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

In this document, the following print types are used:

A

The

list of all parts in the IEC 605019 series, published under the dgeneral title Safe
installations for electroheating and electromagnetic processing, can, be found on the
websglite.

—

gquirements and definitions: in roman type;
NPTES: in smaller roman type;

terms used throughout this standard which have been defined in Clause 3)in bold ty

—

g¢confirmed,

wlithdrawn,

—

gplaced by a revised edition, or

amended.

pe.

ty in
IEC

ommittee has decided that the contents of this document/will remain unchanged untjl the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data relat
the specific document. At this date, the document will be

ed to

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indic
that [ it contains colours™ 'which are considered to be useful for the cor
unddrstanding of its contents. Users should therefore print this document usin
colour printer.

htes
rect

g a



https://iecnorm.com/api/?name=f7278026021e96654bee914b74f18353

IEC 60519-1:2020 © |IEC 2020 -9-

INTRODUCTION

These general requirements apply to all industrial EH and EPM equipment, unless an
exception is given in the Particular requirements dealing with specific equipment in other
parts of the IEC 60519 series. The provisions of other parts of the IEC 60519 series that
directly apply to specific types of equipment take precedence over the provisions of this
document.

Annex | and Annex J provide orientation with respect to the application of ISO 13577-1 in
combination with this document.

This
by p4

This
meet
tests

Anneg
EPM

document presumes that the installation or equipment is operated and maintained
rsonnel consisting of skilled or instructed persons.

document is intended for verifying whether the EH or EPM installation\or equip
5 the safety requirements of this document through design, site acceptance tests, ro
or inspection.

X H provides a guide on the use of this document and a list of\typical industrial EH
processes.

only

ment
utine

and
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SAFETY IN INSTALLATIONS FOR ELECTROHEATING
AND ELECTROMAGNETIC PROCESSING -

Part 1: General requirements

1 Scope

equigment intended for electroheating (EH) and electroheating based _treatment
technjologies as well as for electromagnetic processing of materials (EPM). This{(document
deald with the significant hazards, hazardous situations or hazardous eventsorelevanpt to
indugtrial EH and EPM equipment, as listed in Annex A, for normal operationjand for sjngle
fault|condition as well as under conditions of reasonably foreseeable misusex

This part of IEC 60519 specifies the general safety requirements for industrial installatiotlws or

This document specifies the requirements intended to be met by thesmanufacturer to egsure
the spfety of persons and property during the complete life cycle of the’equipment from désign
through commissioning, operation, maintenance, inspection, to.decommissioning, as well as
in the event of foreseeable single fault condition that can occurin the equipment.

The rated voltage of EH and EPM equipment can be in the range of low voltage; details are
giver] in 4.2.

This document does not apply to equipment and appliances within the scope of
— IEC 60079 (all parts) — i.e. equipments intended for use in potentially explpsive
afmospheres;

— |IEC 60335 (all parts) — i.e. housghold, commercial and similar electrical appliapces,
including room heating;

— |IBEC 60601 (all parts) — i.e. medieal electrical equipment;
— |EC 60974 (all parts) — i.exarc welding equipment;

— |EC 61010 (all parts) —4i.e” equipment for laboratory use.

This document does not provide requirements for type testing.

NOTE| Industrial equipment covered by this document is typically produced as a single unit or a very small number
of unifs; such unitiuswually has a very high value and can cause severe harm at disintegration.

This document does not address data security and hazards arising from neglect of security.

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.

IEC 60071-1:2006 1, Insulation co-ordination — Part 1: Definitions, principles and rules
IEC 60071-1:2006/AMD1:2010

1 A consolidated version of this publication exists, comprising |EC 60071-1:2006 and IEC 60071-
1:2006/AMD1:2010.
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IEC 60204-1:2016, Safety of machinery — Electrical equipment of machines — Part 1: General
requirements

IEC 60204-11:2018, Safety of machinery — Electrical equipment of machines — Part 11:
Requirements for equipment for voltages above 1 000 V AC or 1 500 V DC and not exceeding
36 kV

IEC 60228:2004, Conductors of insulated cables

IEC 60335-1:20102, Household and similar electrical appliances — Safety — Part 1: General
requirements

IEC $0335-1:2010/AMD1:2013
IEC $0335-1:2010/AMD2:2016

IEC 60335-2-24, Household and similar electrical appliances — Safety — Part-2-24: Particular
requifrements for refrigerating appliances, ice-cream appliances and ice makers

IEC §0335-2-89, Household and similar electrical appliances — Safetyr—-Part 2-89: Particular
requfements for commercial refrigerating appliances with an-ljfcorporated or remote
refrigerant unit or compressor

IEC 60364-1:2005, Low-voltage electrical installations —, Rart 1: Fundamental principles,
assessment of general characteristics, definitions

IEC $0364-4-41:20053, Low-voltage electrical installations — Part 4-41: Protection for saflety —
Protgction against electric shock
IEC 60364-4-41:2005/AMD1:2017

Protgction against thermal effects

IEC 30364-4-42:20104, Low-voltage electrical installations — Part 4-42: Protection for saflety —
IEC 60364-4-42:2010/AMD1:2014

IEC 60364-4-44:20075, Low-voltdge electrical installations — Part 4-44: Protection for safety —
Protgction against voltage disturbances and electromagnetic disturbances
IEC §0364-4-44:2007/AMD 142015
IEC §0364-4-44:2007/AMD2:2018

ction

ction

2 A consolidated version of this publication exists, comprising IEC 60335-1:2010, IEC 60335-1:2010/AMD1:2013
and IEC 60335-1:2010/AMD2:2016.

3 A consolidated version of this publication exists, comprising IEC 60364-4-41:2005 and IEC 60364-4-
41:2005/AMD1:2017.

4 A consolidated version of this publication exists, comprising IEC 60364-4-42:2010 and |EC 60364-4-
42:2010/AMD1:2014.

5 A consolidated version of this publication exists, comprising I|EC 60364-4-44:2007, |EC 60364-4-
44:2007/AMD1:2015 and IEC 60364-4-44:2007/AMD2:2018.

6 A consolidated version of this publication exists, comprising I|EC 60364-5-53:2001, |EC 60364-5-
53:2001/AMD1:2002 and IEC 60364-5-53:2001/AMD2:2015.
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IEC 60398:2015, Installations for electroheating and electromagnetic processing — General

perfo

rmance test methods

IEC 60417, Graphical symbols for use on equipment (available at http://www.graphical-

symb

ols.info/equipment)

IEC 60445:2017, Basic and safety principles for man-machine interface, marking and
identification — Identification of equipment terminals, conductor terminations and conductors

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)

IEC ¢
Pring

IEC 6

IEC ¢
calc

IEC ¢
curre

IEC ¢

IEC ¢
Imml

IEC ¢
Immut
(func

IEC ¢
and

IEC ¢

IEC ¢
Requ

IEC ¢
Requ

0664-1:2007, Insulation coordination for equipment within low-voltage systems =P
iples, requirements and tests

0825-1:2014, Safety of laser products — Part 1. Equipment classification and‘fequiren

0865-1:2011, Short-circuit currents — Calculation of effects — Part 1: Definitions
lation methods

0909-0:2016, Short-circuit currents in three-phase a.c. systems — Part 0: Calculati
nts

0990:2016, Methods of measurement of touch current’and protective conductor curn

1000-6-2:2016, Electromagnetic compatibility " {EMC) — Part 6-2: Generic standa
nity standard for industrial environments

1000-6-7:2014, Electromagnetic compatibility (EMC) — Part 6-7: Generic standa
nity requirements for equipment intended to perform functions in a safety-related s}
fional safety) in industrial locations

1010-1:2010, Safety requirements for electrical equipment for measurement, co
aboratory use — Part 1: Geheral requirements

1082-1:2014, Preparation of documents used in electrotechnology — Part 1: Rules

1310-1:2007, (Safety of machinery — Indication, marking and actuation — P4g
irements for isual, acoustic and tactile signals

1310-2.2007, Safety of machinery — Indication, marking and actuation — P4
irentents for marking

art 1:

nents

and

on of

ent

ds —

ds —
stem

ntrol,

rt 1:

rt 2:

IEC 61T310-372007, Sarety of machinery — Indication, marking and actuation — Pa
Requirements for the location and operation of actuators

IEC 61439 (all parts), Low-voltage switchgear and controlgear assemblies

rt 3:

IEC 61508-1:2010, Functional safety of electrical/electronic/programmable electronic safety-
related systems — Part 1: General requirements

IEC 61786-1:2013, Measurement of DC magnetic, AC magnetic and AC electric fields from
1 Hz to 100 kHz with regard to exposure of human beings — Part 1: Requirements for
measuring instruments
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IEC 61786-2:2014, Measurement of DC magnetic, AC magnetic and AC electric fields from
1 Hz to 100 kHz with regard to exposure of human beings — Part 2: Basic standard for
measurements

IEC 61936-1:2010 7, Power installations exceeding 1 kV a.c. — Part 1: Common rules
IEC 61936-1:2010/AMD1:2014

IEC 62061:2005 8, Safety of machinery — Functional safety of safety-related electrical,
electronic and programmable electronic control systems
IEC 62061:2005/AMD1:2012
IEC 62061:2005/AMD2:2015

IEC §

IEC 6

2271 (all parts), High-voltage switchgear and controlgear

2471:2006, Photobiological safety of lamps and lamp systems

IEC $2079-1:2012, Preparation of instructions for use — Structuring, content and presentation

- Pa

't 1. General principles and detailed requirements

CIS

characteristics — Limits and methods of measurement
CISPR 11:2015/AMD1:2016

CIS

IEEE
Freq

IEEE

Electromagnetic Fields, 0—-3 kHz

ISO
princ

ISO 6385:2016, Ergonomicsrprinciples in the design of work systems

ISO
symb

ISO
work,

ISO

Y000, Graphical symbols for use on equipment (available at http://www.grap

7010, Graphical symbols — Safety colours and safety signs — Safety signs usg

R 11:20159, Industrial, scientific and medical equipment — Radio-frequency disturb

R 11:2015/AMD2:2019

C95.1:2005, IEEE Standard for Safety Levels with’ Respect to Human Exposure to H
bency Electromagnetic Fields, 3 kHz to 300 GHz

C95.6:2002, /IEEE Standard for Safetyolevels with Respect to Human Exposu

B864-1:2011, Graphical symbols\~ Safety colours and safety signs — Part 1: D

jples for safety signs and safetyymarkings

ols.info/equipment)

blaces and“public areas

2400:2010, Safety of machinery — General principles for design — Risk assessmen

ance

Radio

re to

bsign

nical-

od in

{ and

risk n

eduction

ISO 13577-1:2016, Industrial furnaces and associated processing equipment — Safety — Part 1:
General requirements

ISO 13577-2:2014, Industrial furnaces and associated processing equipment — Safety — Part 2:
Combustion and fuel handling systems

7 A

consolidated version of this publication exists, comprising I|EC 61936-1:2010 and IEC 61936-
1:2010/AMD1:2014.

8 A consolidated version of this publication exists, comprising IEC 62061:2005, IEC 62061:2005/AMD1:2012 and
IEC 62061:2005/AMD2:2015.

9 A consolidated version of this publication exists, comprising CISPR 11:2015, CISPR 11:2015/AMD1:2016 and
CISPR 11:2015/AMD2:2019.
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ISO 13577-3:2016, Industrial furnaces and associated processing equipment — Safety — Part 3:
Generation and use of protective and reactive atmosphere gases

ISO 13732-1:2006, Ergonomics of the thermal environment — Methods for the assessment of
human responses to contact with surfaces — Part 1: Hot surfaces

ISO 13849-1:2015, Safety of machinery — Safety-related parts of control systems — Part 1:
General principles for design

ISO 13850:2015, Safety of machinery — Emergency stop function — Principles for design

ISO
appr

ISO 1
reacl

ISO
Pring

ISO
cons

ISO

ISO

For t

ISO
addr

B

[«

o (v

3.1
3.1.1

electroheating

EH

3855:2010, Safety of machinery — Positioning of safeguards with respect~td
bach speeds of parts of the human body

3857:2008, Safety of machinery — Safety distances to prevent hazard'zones |
ed by upper and lower limbs

4119:2013, Safety of machinery — Interlocking devices associated with guar
iples for design and selection

4120:2015, Safety of machinery — Guards — General requirements for the design
ruction of fixed and movable guards

4159:2002, Safety of machinery — Hygiene requirements for the design of machiner)

9353:2019, Safety of machinery — Fire prevention and fire protection

'erms, definitions and abbreviated-terms
ne purposes of this document, thesfollowing terms and definitions apply.

nd IEC maintain terminological databases for use in standardization at the follg
sses:

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

5O Online browsing platform: available at http://www.iso.org/obp

General,concepts

DEP

the

being

s —

and

wing

R AT

conversion of

Note 1

3.1.2

[l Y ] F b F
ANLUATLL.,. TITUUHUTITAdU
e

lectric energy into heat for useful purposes

to entry: This note applies to the French language only.

electromagnetic processing of materials

EPM

interaction between electromagnetic energy or forces and materials for useful purposes

Note 1

to entry: EPM can include but is not limited to heating.

Note 2 to entry: This note applies to the French language only.
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3.1.3

electromagnetic field

EMF

electric or magnetic field or a combination of electric and magnetic time varying field

Note 1 to entry: This note applies to the French language only.

3.1.4

electromagnetic radiation
propagating electromagnetic field transporting energy

EXAM

3.1.5
near
<of

elecfromagnetic field effects dominate

Note 1
to the

region where the radiation field predominates over the reactive field, but lacks substantial plane-wave chg

and is

Note 2
about

3.1.6

man]:facturer

prod
docu

Note

authollised representative.

3.1.7
user

PTE—Microwave Tadfatiom or opticat Tadtation (infrared; vistbfeanduttraviotet .|

field region
an electromagnetic field> region near an antenna where noOn=propag

to entry: The near-field region is further subdivided into the reactive near-fieldyregion, which is g
radiating structure and that contains most or nearly all of the stored energy, ‘and the radiating nea

complex in structure.

to entry: The non-radiating part of the electromagnetic fields dogminates significantly in a region
a distance of 0,5 wavelengths from the antenna.

cer of the EH or EPM equipment or installation responsible for compliance with
ment

to entry: The manufacturer in the sense of,this document can also be a supplier, distributer, impo

ating

losest
F-field
racter

up to

this

rter or

party| responsible for the operation and maintenance of the EH or EPM equipment or
instgllation, from putting into.service to de-commissioning

3.1.8

skilled person

trainged person

persg¢n with suitable education, knowledge and experience to perceive risks and to

haza

of th¢ instructed persons

Note

rds which<can be relevant for the type of installation or equipment, including supery

ta’ entry: The term trained person is used in ISO 13577 (all parts).

avoid
ision

3.1.9

instructed person
person advised or supervised by skilled persons, able to perceive risks and to avoid hazards
which an installation or equipment can create

3.1.1

0

operator
skilled person or instructed person performing one or more tasks during operation,
adjustment, maintenance, repair or disassembly of an installation or equipment

3.1.1

1

ordinary person
person not trained or skilled to perceive risks and avoid hazards, who can be harmed by

expo

sure to lower limits than operators
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EXAMPLE A member of the general public including pregnant, elderly or disabled persons, but not children.

3.1.12
vacuum
pressure lower than 30 000 Pa

Note 1 to entry: Defined as a pressure lower than any environmental pressure on the land surface of earth.

Note 2 to entry: Vacuum is divided into the following pressure ranges:
— rough vacuum from 100 Pa to 10 000 Pa;

— fine vacuum from 0,1 Pa to 100 Pa;

- high vacuum from 10> Pa 1o U, T Fa;

— ulkra high vacuum below 105 Pa.
3.2 | Equipment and state of equipment

3.21

elecfrical equipment
set items used to generate, convert, transmit, distribute or utilize electric energy, su¢h as
converters, transformers, capacitors, switchgear and control gearg-measuring instrumlents,
protéctive devices and wiring systems

3.2.2
elecfroheating equipment
EH eLuipment

DEPRECATED: electroheat equipment

equigment in which electric work is converted into héatfor useful purposes

Note 1 to entry: This note applies to the French language enly.

3.2.3
equipment for electromagnetic processing of materials
EPM|equipment

equigment in which electromagnetic energy or electromagnetic force is provided fof the
elecfromagnetic processing of materials

Note 1 to entry: This note applies.to the French language only.

3.2.
elecdiroheating installation
EH installation

DEPRECATED;,.electroheat installation
installation cemposed of EH equipment, electrical equipment and mechanical equipment
needed for_its-Operation and use

Note 1 to‘entry: This note applies to the French language only.

3.2.5

installation for electromagnetic processing of materials

EPM installation

installation composed of EPM equipment, electrical equipment and mechanical equipment
needed for its operation and use

Note 1 to entry: This note applies to the French language only.

3.2.6

normal operation

operation of the installation or equipment as specified by the manufacturer and agreed with
the user
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3.2.7
workload
object or material being processed

Note 1 to entry: The term "load" has a different meaning. Load is used and defined accordingly in the Particular
requirements of IEC 60519 (all parts), if available.

3.2.8

single fault condition

condition in which there is a fault of a single protection (but not a reinforced protection) or of a
single component or a device

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

Note 3 to entry: A single fault condition may or may not affect the process or the intended operation of the EH
or EPM installation or equipment.

Note 3 to entry: An incident that stops the normal operation, that directly causes hazards or that leads to|direct
disintggration of the EH or EPM installation or equipment or parts of it is not a single fault condition [in the
undergtanding of this definition, it is then a major damage, an average, an accident.

[SOURCE: IEC Guide 104:2019, 3.8, modified — Notes 2 and 3 have.been added.]

3.2.9
elecfric single fault condition
condj|tion in which one means for protection against electric shock is defective or one falult is
pres¢nt which could cause a hazard

Note 1 to entry: Electric single fault condition is, identical to single fault condition as defined in
IEC 61140:2016.

[SOYRCE: IEC 61140:2016, 3.1.4, modified>— The original term "single fault condition'| has
been|changed to "electric single fault condition" and the note has been replaced by g new
one.]

3.2.1)0
processing frequency

DEPRECATED: output frequency
operating frequency of the EH or EPM equipment or installation at which the current or|field
is applied to the workload

Note ] to entry: Specific ranges of processing frequencies are defined in Table 1.
3.3 | Parts and accessories

3.3.1
enclosure
housﬂmmmwmmmmmm-amm

[SOURCE: IEC 60050-195:1998, 195-02-35]

3.3.2
window
part of an enclosure that allows passage of some kind of radiation

3.3.3

barrier

physical object limiting access to equipment or the enclosure of that equipment, which can
only be removed with the use of a tool or is interlocked

Note 1 to entry: A barrier can be physically separated from the equipment, but is a part of the installation.
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Note 2 to entry: Barriers are usually transparent to the processing electric, magnetic field or radiation.

3.3.4
guard
barrier that is a part of the equipment

3.3.5

obstacle

item impeding access, which is secured to prevent unintentional removal but is removable
without a tool or key

3.3.
protéctive device

<elegtrical>

electfical device that reduces a risk

EXAMPLE Two-hand control, pressure sensitive mat or edge, trip bar and wire, light curtain, laser scanner.

3.3.7
screen
devide intended to reduce the penetration of an electric, magnetic:or electromagnetic [field
into @ given region

[SOURCE: IEC 60050-151:2001, 151-13-09, modified — The 'second term "shield" has |pbeen
omitted.]

3.3.8
interjock
mechanical or electrical protective device or“system that prevents an action which can
creafe a hazard

3.3.9

thermal cut-out

temperature protector

devide switching off the equipment when the pre-determined temperature is exceeded

Note 1 to entry: Thermal cut-outs are not resettable and are replaced each time they have opdrated;
tempgrature protectors areesettable.

3.31

handheld applicator
easily movable_device providing an electric or magnetic field or electromagnetic radiatipn to
a wofrkload

EXAMPLE- ;Contacting applicators being in direct contact with the workload to be treated; insertion applicatprs, to
be insferted into the workload; coil applicators, like hand held induction coils; lamp and luminaire units, irradiating
a workload.

Note 1 to entry: "Easily movable" implies lightweight.

3.3.11

means of access

all features of the EH or EPM installation or equipment which can be opened or removed
and enable access to a hazard or hazard zone

Note 1 to entry: Means of access can be part of the enclosure, obstacles or doors.

Note 2 to entry: Means of access can be secured by an interlock.
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3.4 Safety related concepts

3.4.1
functional test
way to test specified functions of a system without regard to its internal structure

[SOURCE: IEC TR 62059-11:2002, 3.6, modified — The note has been removed.]

3.4.2

live part
conductor or conductive part intended to be energized in normal operation, including a
neutrfal conductor, but by convention not a PEN conductor or PEM conductor or|PEL
condpctor

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

[SOYRCE: IEC 60050-195:1998, 195-02-19]

3.4.3
hazafrdous-live-part
live p[art which, under certain conditions, can give a harmful electkic shock

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

3.44
highivoltage hazard zone
zone| limited by the minimum clearance around hazardous-live-parts of high voltage
equipment without complete protection against direct contact

Note 1 to entry: Entering the high-voltage hazard“zone is considered the same as touching hazardous-live
parts.

3.4.5
touch voltage
voltape between conductive partsswhen touched simultaneously by a person or an animal

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

[SOURCE: IEC 60050-195:1998, 195-05-11, modified — The other term "(effective) fouch
voltage" is not used-in this document.]

3.4.6
touch current
electricicurrent flowing through the body of a person or an animal when a touch voltage is

present-and-a-conductivepathavalable—— @@

3.4.7
leakage current
electric current in an unwanted conductive path under normal operating conditions

3.4.8
induced electric shock
physiological effect caused by an induced electric field inside the human body

Note 1 to entry: Effect usually observed in the near-field region of an electromagnetic field; it does not
necessitate contact to a conductor. The effects are essentially the same as those of electric shock caused through
contact to a conductor, for example burn or nerve reaction.
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3.4.9

insulation

insulating materials ensuring proper operation of the equipment and protection against
electric shock

Note 1 to entry: Insulation also refers to the action of insulating.

Note 2 to entry: Under certain circumstances, thermal insulating material can equally perform the function of the
electrical insulation.

3.4.10
basic insulation
insulation of hazardous-live-parts which provides basic protection

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

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

3.4.1/1
galenic separation
prevention of electric conduction between two electric circuits inteided to exchange power
and/gr signals

Note 1 to entry: Galvanic separation can be provided for example by an‘iselating transformer or an opto-cdupler.

[SOURCE: IEC 60050-151:2001, 151-12-26]

3.4.12
emisision
<as @ concept> energy sent out from a souree’in the form of a field, particles, a chemical
agenf, pressure or other physical agent

3.4.13

ion
ssessment> detectable energy emitted from and detectable outside the boundary pf an
EH or EPM installation or equipment in the absence of a human or animal disturbing the| field

to entry{ The determination of absorbed energy may necessitate the presence of the exposed pergon or

;UII
level of radiation or field determined at a certain distance from the EH or EPM installation or
equipment and being accessible in normal operation or single fault condition

3.4.16
emission limit
maximum accessible emission permitted for a particular risk class

3.5 Abbreviated terms

EH electroheating

ELV extra low voltage (below 50 V at mains frequency)
EMC electromagnetic compatibility

EPM electromagnetic processing of materials
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HV high voltage (above 1 000 V at mains frequency)

IR infrared radiation

LED light-emitting diode

LV low voltage (the range between 50 V and 1 000 V at mains frequency)
MW microwave

PE protective earthing conductor

PEL protective earthing conductor being a line conductor as well

PEM protective earthing conductor being a mid-point conductor as well

PEN protective earthing conductor being a neutral conductor as well
SAR specific absorption rate of energy

uv ultraviolet radiation

VIS visible radiation

4 (lassification and subdivision of equipment and installation's

4.1 | Classification by processing frequency

EH and EPM installation and equipment is classified by its{rocessing frequency. Taple 1
lists fhe equipment types and their processing frequency<ranges as well as safety reljavant
frequency limits. An EH or EPM installation may include‘more than one type of EH or [EPM
equipment.
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Table 1 — Equipment, processing frequency and safety-relevant frequency limits

Equipment type

Frequency range 2
defining equipment type

Frequency range °
used for safety limits

Hazards associated
with the frequency range

Direct current ©
or stationary
field

0 Hz

0 Hz or no change in polarity

Electric shock,
neural stimulus,
dizziness

Low frequency

>0 Hz to <60 Hz

Mains frequency

50 Hz or 60 Hz

Medium

Electric shock,
burn,
not let-go,

nowraletimuliic

frequbncy

OU FZ 10 TUU KRAZ

OU FZ 10 TUU KRAZ

High frequency

> 100 kHz to 0,3 GHz

> 100 kHz to 6 MHz

Burn, bodypart heating

> 6 MHz to 0,3 GHz

Micrqwave

> 0,3 GHz

to 300 GHz

Bodypart heating

IR-C 3000 nmto 1 mm

Burn\of skin and cornea

Infrajed 780 nm to 1 mm IR-B 1400 nm to 3 000 nm
IR-A 780 nm to 1 400 nm Burn of skin and cornea
Visib|e 400 nm to 780 nm burn of retina
UV-A 315 nm to 400 'am
UV-B 280 nm to 345 nm :
Ultraviolet 9 10 nm to 400 nm Blij_rn of skin and cornea
UV-C 100 nfn'to 280 nm sKin cancer
EUV  10.nm to 100 nm
Lase 10 nm to 1 mm (> 300 GHZz t6 30 PHz) Burn of skin, cornea and retina

2 Rated processing frequency.

b v

¢ Direct current type — equipment with no intended change of polarity, but including switch-on and switch-off.

4 The definition of UV follows IEC 62471:2006; radiation between 380 nm and 400 nm is usually sensed.

lues of the corresponding free space wavelengths are also given in case of optical radiation.

Classification by voltage

The supply voltage of(an*installation or equipment is classified as

— ektra low voltage (ELV) below 50 V (RMS) at mains frequency or 120 V direct current,

— Igw voltage{(LV) between 50 V (RMS) at mains frequency or 120 V direct current
1]000 V(RMS) at mains frequency or 1 500 V direct current, and

— hjghrwoltage (HV) above 1 000 V (RMS) at mains frequency or 1 500 V direct current.

and

NOTE

ne aetinitions o ELV ahd Voltage band 1, LV and Voltage band £ and AV and Voltage band 5 are fdentical.

Voltages below 25 V mains frequency or 60 V direct current are seen as without risk for any ordinary person in
most circumstances (exception is possible in wet conditions).

This distinction shall be made for the installation and for parts as defined in 4.3.1 and

a) depending on the supply and the output voltage, whichever is the higher value (internal
voltages inside the electrical equipment may be higher), but

b) not depending on the process voltage or internal voltage of the installation or equipment.

Different parts of one installation may be classified as ELV, LV or HV.
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4.3 Subdivision of installation and equipment
4.3.1 Subdivision into parts

An EH or EPM installation consists of diverse and specific parts. Figure 1 presents a block
diagram of a typical installation for reference. It determines the boundary of installations and
equipment. Not all parts are found in every kind of an EH or EPM installation.

Exhaust or gas
s extraction system Y

\
' EH or EPM installation .
|
Processmg equipment |
ther |
sypplies Cooling equipment Electrical I
insulation, |
electromagnetic |
Electric Control equipment Heating shls(ei?;n:;nznd |
i |
epergy Programmable equipment
sppply controller or I
equ_m_ent Protective I
. providing bonding |
electro- 1
\ Transformers, magnetic |
PE semi- fields Thermal |
conductors, insulation I
switches

l and similar :

|
: Conductors and cabling |
|
: Protective I
| devices Guards, Motor operated |
| interlocks, devices and |
| barriers, motor control |
|| Operator control doors, locks equipment |
: station I
I Actuators and I
I - Emergency stop sensors, |
I device measuring |
I equipment 1
I N Safeguard and I
I warning devices |
|

|
Instructions for use I
Escape routes | I
T 5 ] |
< /

Figure 1 — Block diagram of a typical EH or EPM installation

Table 2 provides references to clauses of this document or to other standards relevant to the
parts identified in Figure 1. The requirements for equipment outside the processing equipment
are covered by IEC or ISO standards specified in Table 2. The basic sources of safety
provisions for electrical equipment of EH or EPM installations and equipment are
IEC 60204-1 for LV and IEC 60204-11 for HV.

The safety requirements for the processing equipment itself are specific because of its
extraordinary environment and of conditions inside or near, where

a) extreme temperatures can interact with the equipment,
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b) strong electric, magnetic or electromagnetic fields can interact with the equipment, and

c) thermal energy or electromagnetic forces can endanger the structural integrity of the
equipment or of insulation and of protective means.

Table 2 — Typical EH or EPM installation — Listing of parts and references

Part of installation or equipment —
See Figure 1

Part Component/item

Condition for which
the reference is valid

Reference/source of provisions

Electric energy supply

IEC 60364-4-41,

= oA A 4
T OUOUS=59=5Z,

IEC 60364-4-44,

Protedtive earth, PE LV, <200 Hz IEC 60364-5-53,
IEC 60364-5-54,
IEC 60445,
Protedtive bonding IEC 60664-1
Electr|c energy supply
. IEC 61936-1
Protegtive earth, PE HV, < 200 Hz IEC 600711
Protedtive bonding
Electr|c energy supply
Protedtive earth, PE all other, < 36 kV. Clause 7
Protedtive bonding
Condyctors and cabling at standard 4
environmental conditions <&IRC IEC 60228
Condyctors and cabling exposed to non-standard o
environmental conditions >40°C 6.4.2and 13.2
LV, <200 Hz IEC 60204-1
HV, < 36 kV, <200 Hz | IEC 60204-11

Switchgear and controlgear

> 36 kV, <200 Hz

Particular requirements

Contrgl
equiprpent > 200 Hz Clause 7
Programmable controller IEC 61508-1,
- all IEC 62061,
Protective device 1ISO 13849-1
<1000V, <200 Hz IEC 60204-1
Operator control statign ~1000V, <200 Hz | IEC 60204-11

(same] as switchgeafiand controlgear)

all other Clauses 7 and 8
<1000V, <200 Hz IEC 60204-1
Emerdency.stop device
(same| aswitchgear and controlgear) > 1000V, <200 Hz IEC 60204-11
altother SO 13850
<1000V, <200 Hz IEC 60204-1
Safeguard and warning devices
(same as switchgear and controlgear) > 1000V, <200 Hz IEC 60204-11
all other ISO 13850
Other supplies —for example fluids, compressed all Clause 12;
air ISO 13577-3
Gaseous or liquid fuels all 1ISO 13577-2
Clause 12;
Fluid extraction system all
ISO 13577-1
Exhaust all 1ISO 13577-1

Escape routes

all

IEC 60364-4-42
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Part of installation or equipment —

See Figure 1 Condition for which | p o once/source of provisio

the reference is valid

ns

Part Component/item
Clauses 7, 8, 9, 10;
Electroheating equipment
Particular requirements
Non-electric heating equipment ISG 135771
ISO 13577-2
Equipment providing Clauses 7, 8, 9, 10;
electromagnetic fields Particular requirements
Clause 10;
Thermal insulation
ISO 13577-1
Electrical insulation Clauses 7, 8, 9, 10
Procefsing | Electromagnetic shielding Clauses 7, 8, 9, 10
equipment see 6.4
quip IEC 61310-1
Actuators and sensors IEC 61310-2
IEC 61310-3
IEC 64010-1
Measuring equipment
Particular requirements
Motor opergted devices and motor JEC 60204-1
control equipment
ISO 14119
Guards, interlocks, barriers, 1ISO 14120
doors, locks
Particular requirements
Cooling Clauses 10 and 12
4.3.2 Hierarchy and structure of requirements
The [following rules are a guideline especially with respect to the requirements on
electfomagnetic safety, which comprises electric shock, induced electric shock, tpuch

currents and other effects of electromagnetic fields.
a) r all parts of an installation that fall under the scope of one of the standards list
able 2, that standard\shall be used.

b) r equipment oer_parts outside the scope of any of the standards listed in Tab
lauses 7 and. 8 apply, i.e. for equipment with frequencies above 200 Hz or intended
used at temperatures higher than 40 °C.

c) Hquipment)exceeding the voltage limit of 36 kV is dealt with in the Particular requiren

d) Hurtheryguidance on the references given in Table 2 is provided in the respective clg
of this document.

ed in

le 2,
o be

hents.

uses

4.4 Classification of hazards and risks
4.4.1 Classification of hazards

Hazards are differentiated as

a) hazards where the harm is immediate — i.e. any accident which directly results in harm,

and

b) hazards where the harm depends on the exposure, accumulation or dose — for exa
on intensity, a field strength, an exposure time.

mple

EXAMPLE 1 Immediate hazards are electric shock, the ejection of objects, explosion, mechanical hazards like

cutting or falling, toxic substances of potentially lethal dose.
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EXAMPLE 2 Exposure related hazards are exposure to optical or microwave radiation, exposure to electric or
magnetic fields, exposure to sound or noise, exposure to ionizing radiation, toxic or radioactive substances.

NOTE Contact with hot surfaces or hot substances can be dose-related at low temperatures, or immediate, for
example direct contact to liquid metals.

Hazards are differentiated as

c) sensed hazards — i.e. hazards creating adverse body reactions, and

d) non-sensed hazards or non-perceivable hazards.

EXAMPLE 3 Sensed hazards are temperature of material or of environment, intense visible radiation, fast moving
parts, acceleration vibration or noise

EXAMPPLE 4 Non-sensed or non-perceivable hazards are UV
substdnces, toxic substances, microwave, magnetic or electric fields.

4.4.2 Classification of risks

A spegcific risk depends on emission, duration, intensity of the agent, but also on the exp
bodypart, awareness or sensing of the agent, experience or informatign about the ty
hazafd, and behavioural factors such as aversion or withdrawal. Risks\are treated throd
level| categorisation with non-perceivable hazards being categorised’ as requiring parti
protective measures. The manufacturer reduces emissions of padssibly hazardous ager
informns the user about residual risks. A classification scheme/guides this action. Ta
summarises the classification of residual emissions used in this document.

Table 3 — Safety classification schemg for risks to humans

radiation, ionising radiation or radig

active

osed
be of
gh a
cular
ts or
ble 3

Risk class Restrictions and protective measures Information and training
0 exempt No restriction or protective measures No information needed.
necessary
Restrictions like limitation of access or . .
. N Information about hazards, risks and
. protective measures may be indicated )
1 low risk . . secondary effects to be provided by
depending on the result of a risk
the manufacturer.
assessment done.by the user
Information about hazards, risks and
secondary effects to be provided by
2 moderate | Special restrictions and protective the manufacturer.
risk measures essential

The manufacturer shall indicate to the
user, if specific training of the
operator is necessary.

3a high risk

Access possible when protected by
personal protective equipment

Information about hazards, risks and
secondary effects to be provided by
the manufacturer.

The manufacturer shall indicate to the
user, the necessary specific training of
the operator and the personal

protective equipment.

3 high risk

No access

Information about hazards, risks and
secondary effects to be provided by
the manufacturer.

Each spatial position or hazard zone shall be considered individually. Normal operation and
single fault condition shall be taken into account.

5 Risk assessment

This document is based on the risk assessment provided in Annex A.
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This risk assessment shall be expanded and specified accordingly throughout the
development of the Particular requirements of IEC 60519 (all parts).

The risk assessment in Annex A covers a very broad cluster of equipment and installations,
therefore it is quite generic and may not cover specific origins, particular hazardous situations
or events, or potential consequences in the details deemed necessary by the manufacturer.
The manufacturer shall then add to this risk assessment the specifics of his technical
solution as specified in ISO 12100:2010.

If the manufacturer intends to make an equipment or installation not fully under the scope of
this document and its risk assessment, or if the Particular requirement is outdated and not
referling to this document or no Particular requirement exists, he is advised to reconsidgr the
risk assessment in Annex A. This document then assists with the risk assessment. and risk
redugtion procedure as specified in ISO 12100:2010.

6 General provisions

6.1 Basic considerations

6.1.1 The EH or EPM installation or equipment shall be suitable for its intended upe, it
shall|be designed to be operated, adjusted and maintained without putting persons at|risk.
Design and construction shall ensure adequate reductien,of the risks during ndrmal
operption or in single fault condition, at the state of the art and considering the foreseg¢able
lifetime of the EH or EPM installation or equipment.

Any fisk through the workload when the workload. is processed as intended in the BH or
EPM|installation and that is foreseeable to theqmanufacturer shall be adequately reduced.

6.1.2 The EH or EPM installation or equipment shall be designed to prevent or to reduce
the plossibility of misuse or fault condition:

6.1.3 The EH or EPM installation or equipment shall not pose a risk of the immedigte or
non-perceivable types, unless the ifitended use is otherwise impossible to achieve. Addifional
protective measures, warnings.and instructions shall be provided in such cases.

6.1. The manufactutrer'shall, in the following order,

a) eliminate risks to"achieve an inherent safe installation or equipment,
b) provide protective measures for those risks that are not eliminated, and

c) provide all'necessary information to the user about residual risks, indicate necesgsary
tfaining-and personal protective equipment.

6.1. Protective measures are a combination of measures incorporated at the design stage
and g —TTdi i : shall
incorporate all measures identified to be necessary according to Clauses 5 through 17 when
applicable.

6.1.6 If a specific hazard is in risk class 1 or 2 as defined in Table 3 and cannot be
reduced further by the manufacturer, the manufacturer shall provide detailed information for
the user, including

a) a graphical description or plan of the installation indicating the position and extent of
areas belonging to zones with risk class 1 or 2,

b) information on signalling and warning devices — see 19.3,

c) necessary marking and written warning — see 19.4,

d) indication of necessary restrictions and protective measures to be taken by the user — see
19.5,
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e) indication of the necessary information for the operators — see 19.5, and
f) indication of working procedures that are safe or reduce the risk.
6.1.7 If a specific hazard is in risk class 3a as defined in Table 3 and cannot be reduced

further by the manufacturer, the manufacturer shall provide detailed information for the user,
including

a) a graphical description or plan of the installation indicating the position and extent of
areas belonging to zones with risk class 3a,

b) information on signalling and warning devices — see 19.3,

[P <l Y H
C) n.’UUQOGI_y ITTATINTTY dTTU WimticITTh vwWwartritry R i v

d)

rndication of necessary restrictions and protective measures to be taken by the user't see
1p.5,

indication of the necessary information for the operators — see 19.5,

N )
N

indication of the necessary personal protective equipment to be worn‘ by the operator
when attending, and

g) irldication of working procedures that are safe or reduce the risk.

6.1.8 If a specific hazard is in risk class 3 as defined in Tabley3 and cannot be reduced
further by the manufacturer, the manufacturer shall provide détailed information for the |user,
incluging

a) al graphical description or plan of the installation ndicating the position and extent of
areas belonging to zones with risk class 3,

b) information on signalling and warning devices < see 19.3,

c) ngcessary marking and written warning — see49.4, and

d) irldication of the necessary information for\the operators — see 19.5.
6.1.9 Adequate risk reduction shallcnot be confused with the reduction of exposufre to
levels near exposure limits. Adequate risk reduction eliminates a hazard, or if thHis is

impogsible, reduces exposure to the technical limit. The adequate use of exposure limits is
the rgsponsibility of the user.

6.2 | Significant hazards

Provisions for protection against the identified significant hazards defined in Annex A are
specified in Clauses 6to 17. Verification of compliance with the provisions of this document
shalllbe done according to Clause 18.

6.3 | Physical environment and operating conditions for the installation as such and
electrical equipment outside the processing equipment

6.3.1 The FH or EPM installation or equipment and its electrical equipment not placed
inside the processing equipment shall be suitable for the physical environment and operating
conditions of its intended use.

When special conditions apply or the limits specified in 6.3 are exceeded, an agreement
between the manufacturer and user may be necessary. Subclause 4.1 of IEC 60204-1:2016
is applicable for LV installations and 4.1 of IEC 60204-11:2018 is applicable for HV
installations.

6.3.2 The EH or EPM installation or equipment shall not generate electromagnetic
disturbances above levels that are appropriate for its intended operating environment.

6.3.3 The EH or EPM installation or equipment shall be capable of operating safely in the
intended ambient air temperature. The minimum requirement for all electrical equipment is
safe operation at air temperatures between 5 °C and 40 °C.
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6.3.4 The EH or EPM installation or equipment shall be capable of operating safely when
the relative humidity does not exceed 50 % at a maximum temperature of 40 °C. Higher
relative humidity is permitted at lower temperatures (e.g. less than 90 % at 20 °C). The EH or
EPM installation or equipment shall either be able to operate safely if condensation
happens occasionally or the manufacturer shall avoid condensation by design or, where
necessary, by additional measures (e.g. built-in heaters, air conditioners or drain holes).

6.3.5 The EH or EPM installation or equipment shall be capable of operating safely at air
pressure expected at up to 1 000 m altitude and under a wide range of climate and weather
conditions. The lower ambient pressure limit shall be 85 % of normal sea-level atmospheric
pressure, unless agreed differently between the manufacturer and the user and specified in
the ifistructions for use.

For gquipment intended to be used at higher altitudes or lower air pressure, it is necessary to
take |into account the reduction of the dielectric strength, the switching capability of the
devides and the reduction of the cooling effect of the air caused by reduced dénsity.

6.3.6] The electrical equipment of the EH or EPM installation oryequipment shgll be
adequately protected against the ingress of solids and liquids "according to 113 of
IEC 60204-1:2016 for LV equipment. It shall be adequately proteCted against contamipants
(e.g.|dust, acids, corrosive gases or salts) that can be present in the physical environment for
whiclh it is intended.

6.3.7 When the EH or EPM installation or equipment or parts of it are exposed to
radiation (e.g. MW, UV, laser or X-ray), additional<{measures shall be taken to avoid
malfdnctioning of the equipment, accelerated deterioration of the insulation, fnetal
degradation or corrosion due to radiation induced-effects.

6.3.8 Undesirable effects on the EH or<EPM installation or equipment caused by
vibration, shock and bump (including thosevgenerated by the installation and its assodfated
equi;[ment and those created by the physical environment) shall be avoided by the selgction
of sujtable equipment, by mounting it.away from the equipment creating the vibration or ghock,
or by| provision of anti-vibration or anti-shock mountings.

6.3.9 When the EH or EPM installation or equipment or parts of it are exposed to plasma,
corrgsive chemicals or other’adverse agents, additional measures shall be taken to avoid
malfygnctioning, accelerated deterioration of the insulation, metal degradation or corrpsion
due to radiation induced effects.

6.4 | Physical environment and operating conditions for electrical equipment caused
by operation of the processing equipment

6.4.1 Fhe  electrical equipment of the EH or EPM installation or equipment placed
inside or'near the processing equipment shall be suitable for the physical environment{ and
operad] . fits | Physical " insid I Lsing
equipment cover a wide range of different environments; it may be necessary for the
manufacturer and user to agree on these conditions.

6.4.2 The electrical equipment shall be capable of operating correctly under normal
operation and single fault condition
a) at the intended temperature levels inside and outside the processing equipment,

b) at the humidity levels inside and outside the processing equipment (extreme humidity
levels or strong condensation can be expected as well as total immersion),

c) atintended atmospheric conditions inside and outside the processing equipment,

d) under prevalent electric and magnetic fields inside and outside the processing equipment,
and

e) at intended pressure differences between the outside and inside of the equipment.
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6.4.3 Electrical equipment shall be adequately protected against the ingress of solids and
liquids, in particular against contaminants (e.g. dust, acids, corrosive gases or salts) that are
expected to be present inside and outside the processing equipment.

6.4.4 When electrical equipment inside the processing equipment is exposed to radiation
(e.g. MW, UV, laser or X-ray), additional measures shall be taken to avoid malfunctioning of
the equipment or accelerated deterioration of the insulation caused by the radiation.

6.4.5 Undesirable effects on the EH or EPM installation or equipment caused by
vibration, shock and bump generated by the processing equipment and those created by the
physical _environment shall be avoided by selection of suitable electrical equipment, by
mounting it away from the processing equipment, or by provision of anti-vibration mountings.

6.4.6] When electrical equipment inside the processing equipment is exposed to plasma,
corrgsive chemicals or other adverse agents, additional measures shall be_taken to f@void
malfynctioning of the equipment, accelerated deterioration of the insulation, fetal
dengdation or corrosion due to radiation induced effects. This includes effécts from arcing in
vaculum caused by voltage locally or temporarily exceeding breakthrough,voltage.

NOTE| Breakthrough can happen over a very broad pressure range and whenever)jvoltage exceeds the mifimum
breakfhrough voltage of the atmosphere inside the equipment. Arcs can become self-sustaining once ignited.

6.5 | Power supply

6.5.1 The installation shall be designed to operate correctly under normal operation with
the cpnditions of the supply network

5 specified below, or

5 otherwise specified by the user and acknowledged by the manufacturer, or
5 specified by the manufacturer in the case of a special source of supply such gs an
hboard generator.

For mains frequency supplies, the following, according to IEC 60204-1:2016, applies, upless
othenwise explicitly agreed betweenh:the manufacturer and the user:
a) sleady state voltage in thextrange of 90 % to 110 % of nominal voltage;

b) fiequency in the range .of 0,99 to 1,01 of nominal frequency continuously; 0,98 to|1,02
hort time (no exceSsive temperature rise in components due to an abnormal current)

n

For gpecial supply systems such as onboard generators, the limits given may be excejeded
provided that thezequipment is designed to operate correctly under those conditions.

6.5.2 Incease of failure or fault of the electric supply, the installation or equipment shall

a) gp.into a safe mode of operation — it shall not go into single fault condition, espegially
shaft not start unexpectedly, shatr not be prevented from stopping ifthe stop comimand
has been given, shall not eject or let fall any part or workload unless protection is
provided for this case,

b) not lose the setting of the switchgear, controlgear or programmable controller necessary
for safe operation,

c) be able to keep all protective devices fully operational or let them give a stop command,
and

d) be able to cool down without causing a hazard; this can require the prolonged operation of
cooling equipment.
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6.6 Access

6.6.1 The EH or EPM installation or equipment shall allow safe access to all areas where
intervention is necessary during operation or maintenance. The equipment shall be so
designed and installed that all devices and components that are intended to be accessible,
observed or seen by the operator are accessible or visible to the operator.

6.6.2 Risks shall be reduced by limiting or preventing the access to any hazard or to any
hazard zone. Limitation of access to surfaces or parts that can cause a hazard or of access
for entering a hazard zone depends on the hazard itself, its type (immediate or exposure
dependent) and the strength of the source of the hazard (e.g. the temperature of a surface or
the vpttageof ativepart):

6.6.3 The EH or EPM installation or equipment shall provide protection-"against
unintentional access to hazardous-live parts or against unintentional entering the high-
voltage hazard zone in all cases where either there is no barrier or enclosure, or where
barrier or enclosure are to be removed to gain access to devices requiring manual operation
or to[components requiring replacement.

The pccess path to the device and the space needed for its operation shall be such| that
protegction against unintentional contact with hazardous-live parts) or against unintentignally
entering the high-voltage hazard zone is provided by an appropriate distance.

Obstiacles protecting against unintentional contact shall(he provided if the access path or
space has less than the appropriate distance from hazardous-live parts.

6.6.4) The degree of protection shall be not less.than IPXXB (also complied with by [P2X)
of IHC 60529:1989, IEC 60529:1989/AMD1:1999- and IEC 60529:1989/AMD2:2013 from the
direction of approach to the hazardous-live part, and not less than IPXXA (also complied
with by IP1X) of IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC §0529:1989/AMD2:2013 from other ditections.

6.7 | Ergonomic aspects

The physical and physiological.stress faced by the operator during normal operation and
intended environmental conditions shall be reduced to a possible minimum. In this regard, the
main|objectives are the following:

a) apoid a work rate determined by the installation only;

b) ayoid monitoring-of the installation or its control unit that demands lengthy concentration;

c) allow forthe variation in the strength, stamina or physical dimensions of different
operators;

d) allowfor sufficient space for the movements of the operator;

e) ataptthe control unit and other interfaces to the foreseeable variation-incharacteristic of
operators.

The provisions of ISO 6385:2016 apply.

6.8 Transport and storage

6.8.1 The EH or EPM installation or equipment shall be designed to withstand the effects
of transport and storage at temperatures within a range from -25 °C to 55 °C and for short
periods not exceeding 24 h at up to 70 °C. Otherwise, suitable precautions shall be taken to
protect the electrical equipment against such effects. Suitable means shall be provided to
prevent damage from humidity, vibration and shock.
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6.8.2 The EH or EPM installation or equipment shall be designed for simple removal and
refilling of working fluids, if these working fluids may freeze or otherwise harm the equipment
during storage or transport. The manufacturer shall inform the user about procedures for
removal and refilling of any working fluids in the instructions for use.

NOTE Equipment susceptible to damage at low temperatures includes PVC insulated cables, certain electrolytic
capacitors or equipment using cooling liquids that can freeze.

6.9 Provisions for handling

6.9.1 Any EH or EPM installation or equipment shall be capable of being handled and
assembled safely.

6.9.2 Any part of an EH or EPM installation or equipment that cannot be moved\by hand
shall|be enabled for lifting by adequate equipment. The manufacturer shall supply.instrugtions
for lifting or handling when applicable.

6.9.3 All parts shall be easily assembled by use of appropriate provisions or lifting gear.

6.10| Consumables and replaceable parts

Condumable or replaceable parts that are intended to be replaced by the operator shjll be
integrated or mounted in a way that replacement is uncomplicated and safe with regalrd to
correlct and unambiguous mounting and to electrical connection.

7 PRrotection against hazards from electric shock

7.1 General

Clause 7 applies for EH or EPM installation or equipment that is not covered by the scope
of IEC 60204-1 or IEC 60204-11, i.e.

a) ekceeding 40 °C environmental temperature, or

b) having an electrical processing frequency exceeding 200 Hz.

Clause 7 does neither) apply for equipment covered by IEC 60204-1] or
IEC 60204-11, nor for installations or equipment with a voltage exceeding 36 kV, which are
covefed by the Particularrequirements.

7.2 | Fundamental rule of protection

7.21 Hazardous-live parts shall not be accessible and accessible conductive parts |shall
not be hazardous-live during normal operation, or under electric single fault condition

7.2.2l ~'For HV installations or equipment entering the high-voltage hazard zone is
considered the same as touching a hazardous-live part.

7.2.3 Non-accessible parts are such hazardous-live parts or high-voltage hazard zones
which are beyond the limits of reach — i.e. contact is not possible as defined in
ISO 13857:2008 during normal operation or in electric single fault condition.

7.2.4 Protection during normal operation is provided by basic protection (see 7.4), and
protection in electric single fault condition is provided by fault protection (see 7.5).
Protection by enhanced protective provisions as defined in 5.4 of IEC 61140:2016 is not
sufficient for any installations or equipment under the scope of this document.
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7.3 General provisions

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

7.3.2 Exposed conductive parts of the installation or equipment shall be connected to the
protective bonding terminal. This includes all parts, which are covered only by coatings like
paints, varnishes, lacquers and similar products. Not included are conductive parts, which can
be to =t i i

If the installation or equipment is not completely covered with conductivé/partg, the
ing applies to accessible parts of insulating material. In the following cas€s) accegsible
es of parts of insulating material shall be separated from hazardous-live\parts:
— if|they are designed to be gripped; or

— iff they are likely to come into contact with conductive surfaces, which can distribute
hpzardous potential; or

— if|they can come into significant contact (area more than 50- mm x 50 mm) with a part of
the human body; or

— if|they are to be used in areas where the pollution is highly conductive.
In this case, they shall be separated from hazardous-+live parts by

) dpuble or reinforced insulation, or
b) bpsic insulation and protective screening,.or
) alcombination of these provisions.

All qther accessible surfaces of parts of insulating material shall be separated |from
haza'Ldous-Iive parts by at least basic insulation. For all equipment intended to be part of

the installation, the basic insulation shall be provided during assembly and installation gither
by the manufacturer or by thecuser as indicated by the manufacturer in the informatign for
use.

The equirements are deemed to be complied with if

a) the accessible ‘parts of insulating material provide the required insulation and |their
témperature.does not exceed the limits defined in Clause 10, and

b) the switchboard is made from metal and driving axles of switches, turn-knobs or similar
are effectively brought to earth potential in all positions.

7.3. The design of the installation or equipment shall restrict access to high-vol|tage
hazard zones. The need for operational and maintenance access by operators shall be taken
into account. Where safe distances cannot be achieved, permanent protective shielding shall
be installed. Access through doors or obstacles shall only be possible with the use of a tool.

Applicable warning labels shall be displayed on all access doors, guards, barriers, and be in
compliance with 19.4.

7.3.5 If it is not feasible for operating reasons to prevent the following LV parts being both
accessible and hazardous-live, they are permitted to be accessible by an operator during
normal operation:

a) parts of lamps and lamp sockets after lamp removal,;
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parts intended to be replaced and which can be hazardous-live during the replacement or
other operator’s action, but only if they are accessible with a tool and have a warning
marking — see 19.4.

Basic protection

7.41 All installations or equipment under the scope of this document shall be provided
with basic protection.

a)

b)

For LV installations or equipment, in the absence of a specific standard listed in Table 2,
all basic protection shall be in compliance with IEC 60364-4-41:2005 and |IEC 60364-4-
41:2005/AMD1:2017.

Fpr HV installations or equipment, in the absence of a specific standard listed in Taljle 2,
a|l basic protection shall be in compliance with 7.4.

7.4.2 Basic protection shall consist of one or more provisions that at leasturing ndrmal

operption prevent contact with hazardous-live parts.

7.4.3 Where solid basic insulation is used, it shall prevent contact/with hazardoug-live

parts.

In case of HV installations and equipment, a voltage can be present on the surface of[solid

insulation and further precautions may be necessary.

Whele basic insulation is provided by air, access to<hazardous-live parts or entering the
hightvoltage hazard zone shall be prevented by.‘obstacles, barriers or enclosures as
specffied in 7.4.4 and 7.4.5, or by placing .them out of arm's reach according to

ISO 13857:2008.

Whele a conductive obstacle is separatedfrom hazardous-live parts by basic insulation

only,|it is an exposed conductive part andwmeasures for fault protection shall be applied.

7.4.4 Barriers or enclosures preventing access to hazardous-live parts or entering the
highivoltage hazard zone shall provide a degree of protection of at least IPXXB |(also
comglied with by IP2X).(of IEC 60529:1989, |IEC 60529:1989/AMD1:1999 | and

IEC 60529:1989/AMD2:2013.

Barriers or enclosures-shall have sufficient mechanical strength, stability and durabillty to
maintain the specified-degree of protection, taking account of all relevant influences from the
envirpnment and from inside the enclosure — ISO 14120:2015 shall be used for their des|gn.

Where the.design or construction allows for the removal of barriers, the opening of
enclpsures. or the removal of parts of enclosures, access to hazardous-live parf{s or

enterning/the hazard zone shall only be possible

with the use of a key or tool, or

after isolation of hazardous-live parts from the supply network where the enclosure
would no longer provide protection, restoration of the supply being possible only after
replacement of barriers or parts of enclosures or after the closing of doors, or

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

in case no tool or key is required, if an interlock according to ISO 14119:2013 that cuts
out the hazard immediately is used.

Barriers or enclosures shall be designed or made from such material that no hazardous
induced currents can be created in them.
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7.4.5 In the case of HV installations and equipment, substantial inequalities of electric field
strength in or along an insulator or insulation shall be reduced to a safe level, or avoided
through constructional measures, or through potential grading. This shall prevent the
operator from hazardous step and touch voltages.

NOTE Potential grading is typically used for electrical installations, where high earth currents occur.

7.4.6 At frequencies exceeding 200 Hz, potential grading of the circuit shall be controlled
by the following means.

a) If earthing is necessary for reasons of equipment design, any constructional parts of the
i i i i irect
ppth between the generator and the processing applicator shall be provided instead.

b) The voltage drop shall not exceed 5 V RMS over any distance of the installation-thaf can

be bridged by a person at once, if the conductor currents exceed 500 A, unléss accgss is
hindered to the installation by sufficient barriers or enclosures (refer to 7:4.4).

NOTE| This limitation of the geometric extent is due to electromagnetic waves and their [propagation resulfing in
unreligble earthing continuity at frequencies above approximately 100 kHz.

7.5 | Provisions for protection in electric single fault condition

7.51 Fault protection shall consist of one or more provisions’independent of and addifional
to thpse for basic protection. Individual provisions for fault protection are specified in 7.8.2 to
7.5.8

7.5.2 Electric single fault condition shall be considered, if it can cause

a)
b)

n accessible, non-hazardous-live part to become a hazardous-live part, or

a
ah accessible conductive part which is not live during normal operation to become a
hpzardous-live part, or
a

c) alhazardous-live part to become accessible.
7.5.3 To meet the fundamental rule under electric single fault condition, fault protgction
shall[be achieved by a further protective provision, independent of that for basic protegction
(7.4)| The independent single fault protection shall be provided

— fqr LV installations or equipment, in the absence of a specific standard listed in Table|2, in
cpmpliance with IEG.60364-4-41:2005 and IEC 60364-4-41:2005/AMD1:2017, and

— fqr HV installations-or equipment, in the absence of a specific standard listed in Table|2, in
cpmpliance with 7.5.

7.5.4 Eachof the two independent protective provisions (fault protection and basic
protection)—shall be designed so that a failure is unlikely under environmental condftions
specifiediin 6.3 or 6.4 and under normal operation or electric single fault condition.

The two independent protective provisions shall have no influence on each other.

NOTE Simultaneous failure of the two independent protective provisions is unlikely and is not normally taken into
consideration. Reliance is placed on one of the protective provisions remaining effective.

7.5.5 Requirements for protective equipotential bonding are defined in 7.6 and apply
independently.

7.5.6 Protective screening shall consist of a conductive screen interposed between
hazardous-live parts of an EH or EPM installation or equipment and the part being
protected. The protective screen shall be connected to the protective equipotential bonding
system of the installation or equipment; it shall itself comply with the requirements for
protective equipotential bonding according to 7.6.
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7.5.7 Simple separation between a circuit and other circuits or earth shall be achieved by
basic insulation throughout, rated for the highest voltage present.

If any component is connected between the separated circuits, that component shall
withstand the electric stresses specified for the insulation which it bridges and its impedance
shall limit the prospective current flow through the component to the steady-state touch
current values indicated in Annex B.

7.5.8 Supplementary insulation shall be dimensioned to withstand the same stresses as
specified for basic insulation.

7.6 | Protective equipotential bonding

7.6.1 The protective equipotential bonding system shall consist of one or ‘@ suitable
combination of two or more of the following elements:

a) neans for protective equipotential bonding in equipment;

b) eprthed protective equipotential bonding in the installation;

c) protective earthing conductor (PE);

d) protective earthing conductor being a neutral conductor as well.{PEN);
e) protective screening;

f) ejprthed point of the source;

g) eprth electrode (including earth electrodes for potential grading);

h) eprthing conductor.

Spedific considerations apply for frequencies well-above mains frequency and are given ip the
Partigular requirements.

7.6.2 All parts of the protective bonding circuits shall be so designed that they are able to
withstand the highest thermal and mechanical stresses, which can be caused by earth{fault
currgnts, flowing in any part of thesprotective bonding circuits.

Any ptructural part of the glectrical installation or equipment may be used as part of the
protelctive bonding circuit, in case an earth fault monitoring system is installed.

7.6.3 The equipetential bonding system of an HV installation or equipment shall be
connected to earth“-because of the special risks, which can be present, for examplg the
danger of high touch and step voltage and of exposed conductive parts becoming live dpe to
an electrical discharge. The impedance to earth of the earthing arrangement shall be ratged so
that no hazardous touch current can occur (refer to Clause 18 in connection with Anngx B).
Expolsed(conductive parts, which can become live under fault conditions, shall be connécted
to the earthing arrangement.

7.6.4 Accessible conductive parts which could acquire a hazardous effective touch
voltage in the event of a failure of basic protection, i.e. exposed conductive parts and any
protective screen, shall be connected to the protective equipotential bonding system.

7.6.5 The protective equipotential bonding system shall be of sufficiently low impedance to
avoid hazardous potential difference between parts in case of an insulation failure and, if
necessary, be used in association with a protective device operated by the fault current.

This can necessitate consideration of the relative impedance values of the different elements
of a protective equipotential bonding system. The difference in potential need not be
considered if the impedance of the circuit limits the steady-state touch current in the case of
an electric single fault condition so that it cannot exceed 3,5 mA RMS for frequencies up to
100 Hz or 10 mA for direct current applications when measured in accordance with Clause 18.
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In some environments or situations, for example highly conductive locations or wet areas, the
limiting values shall be lower.

7.6.6 All parts of the protective equipotential bonding shall be so dimensioned that thermal
and dynamic stresses, which are likely to occur due to a fault current, do not impair the
characteristics of the protective equipotential bonding system as a consequence of a failure or
bridging of basic insulation. Some local damage, not impairing safety, for example of a sheet
metal part of an enclosure, may be accepted at the place where the fault occurs.

7.6.7 All parts of the protective equipotential bonding shall be capable of withstanding all
internal_and_external influences (including mechanical, thermal and corrosive) which can
occuf during the expected lifetime of the installation.

If pafts need to be checked regularly or maintained, the manufacturer shall indicate this in
the ipformation for use.

Movgble conductive connections, for example hinges and slides, shall not be‘considered fo be
parts| of a protective equipotential bonding system unless compliance with the requirements in
7.6 i3 maintained.

Whefe a component of an installation or equipment is intended te be removed, the protgctive
equipotential bonding for any other part of the installatiefy or equipment shall ndt be
interqupted when removing the component unless the electrical supply to the other part is
discdnnected first.

No glement of the protective equipotential bonding shall contain any device which ¢ould
reasgnably be expected to break the electrical continuity or to introduce significant impedance,
with |the exception of components intended, to be removed. This requirement may be
dispgnsed only temporarily for the verificatioh-of the continuity of protective conductors ¢r for
the measure of the current of the protective conductor — see Clause 18.

7.6.8 Where elements of the protective equipotential bonding can be interrupted by the
samg coupler or plug-and-socketzoutlet device as the relevant supply conductors] the
protective equipotential bonding shall not be interrupted earlier than the supply condugtors.
The protective equipotential-bonding shall be re-established not later than when the supply
condpctors are reconnected. These requirements do not apply when interruption| and
recomnection are only possible with the equipment in de-energized condition.

7.6.9 In HV installations and equipment, the protective equipotential bonding shall npt be
interfupted before-the main contact has reached an isolating distance which can withstand the
equigment rated impulse withstand voltage.

7.6.10 ~ Conductors of the protective equipotential bonding, whether insulated or bare, [shall
be rgadily distinguishable by shape, location, marking or colour, except those conductors
which cannot be disconnected without destruction, for example in wire-wrap and similar wiring
in electronic equipment and tracks on printed wiring boards. If identification by colour is used,
it shall be in accordance with IEC 60445:2017.

7.6.11 In LV equipment, the protective conductors or the continuity of the protective bonding
system shall be in accordance with 8.2 of IEC 60204-1:2016. This includes the requirements
on the exclusion of switching devices, parts that need not be connected, and interruption.

Protective connector connection points, protective bonding in installations with earth leakage
current exceeding 10 mA, and functional bonding shall be in accordance with 8.2 and 8.4 of
IEC 60204-1:2016.
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7.6.12 In LV equipment, track rails may be used as a return circuit, provided that under fault
conditions, the impedance of the circuit is sufficiently low to limit the step and contact
voltages between the rails and the adjacent earth to values not exceeding 25 V RMS or 60 V
DC.

7.6.13 The earth, protective conductors, sheaths and structures shall not be used as part of
an active circuit, unless specified otherwise in the Particular requirements.

7.6.14 Earthing of secondary circuits shall be avoided unless improving overall safety of the
installation. If secondary circuits are earthed, they shall only be accessible if the voltage of
the secondary circuit is so low that the touch current limits are met — refer to 7.9 for details.

7.6.15 The means of connection, except for plug-and-socket connections, shall-be-clearly
identffied either using symbol IEC 60417-5019:2006-08 (see Annex G), or with the letters PE,
or byl the bicolour combination of green and yellow. The indication shall not b€ placed ¢on or
fixed|by screws, washers or other parts, which could be removed when conductors are being
conngcted.

For pord-connected equipment, the protective conductor in the{eord shall be the| last
condpctor to be interrupted in the case of failure of the strain-relief:-mechanism,

7.6.16 All conductively sheathed cables, conduits or pipes passing through those parts pf an
enclpsure containing high-voltage circuits in the voltage band 3 shall be earthed at the jpoint
wherg they pass through the enclosure.

7.7 | Additional provisions for fault protection.for frequencies above 200 Hz

7.71 Fault protection shall consist of one ‘or more of the measures in 7.7.2 to [/.7.5
independent of and additional to those for basi¢ protection.

7.7.2 Parts of electrical equipmentloperating at higher frequencies than 200 Hz shall be
capaple of operating correctly in consideration of skin and proximity effects under ngrmal
operption and electric single fault.condition.

7.7.3 Any supplementaryinsulation shall be dimensioned to withstand the same strgsses
as specified for the basic-insulation. In addition, insulating materials shall have sufficiently
low dielectric loss factors'at the working temperature and frequency so that the insulatipn is
not impaired by dielectric heating of the materials.

7.7.4 All highfrequency circuits shall be galvanically separated from the mains freqyency
earthing system. Failure of the galvanic separation between the circuit and the mains
freqLEncy earthing system which could result in accessible parts acquiring a hazandous

effective \touch voltage shall be detected by a protective device operated by the|fault
voltage‘and result in disconnecting and de-energising the circuits.

High frequency earthing may be directly connected to the mains frequency earthing system, if
this reduces the associated risks compared with a galvanic separation; details are provided
in the Particular requirements.

7.7.5 The separated low resistance conductors constituting the main current path from the
circuit frequency source to the processing applicator or similar shall comply with the following.

a) They shall be capable of withstanding all internal and external influences (including
mechanical, thermal, corrosive, glow discharge) which can be expected.

b) They shall comply with the highest occurring voltage under any electric single fault
condition, if the conductors are accessible during maintenance; their electric insulation,
and their current-carrying capacity shall be such that they do not overheat during any
foreseeable single fault condition; if excessive currents can occur with such duration
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under any foreseeable electric single fault condition that overheating occurs, a current-
sensing device that permanently switches off the equipment before the conductor
properties are compromised shall be installed.

c) They shall not be removable without the use of a tool.

d) If it is necessary for reasons of equipment design to include a separable disconnection of
the main circuit conductor for maintenance, its plug and socket shall be mechanically
combined with a safety circuit preventing energising of the main circuit during
disconnection and there shall be a latching or similar device incorporated in the plug and
socket system, as well as sufficient insulation to the exterior for non-hazardous
disconnection; these requirements do not apply if separation is needed only during

installation and decommissioning-and-is then only nossible with the use of tools
J PANL

e) The connection of the separable circuit conductor shall be re-established not later|than

when the supply conductors are reconnected; this requirement does not apply when
interruption and reconnection are possible only with the equipment in_(de-energized
bndition.

ith any other electrical connection or the protective equipotential bonding for any pther

c
f) Tlhe circuit electrical connections at the ends shall be separated and thus rot be combined
w

pprt of the installation or equipment.

7.8 | Currents in protective conductors

7.8.1 Measures shall be taken in the installation or equipment to prevent excepsive
protegctive conductor currents impairing safety or normal" operation of the installation.
Compatibility shall be ensured for currents of all frequencies supplied to and produced bl the
equipment.

7.8.2 The following limits are applicable to equipment supplied at mains frequency:

a) for plug-in current using equipment fitted“with a single or multiphase plug and socket-
outlet system rated up to and including 32 A: less than 2 mA for rated current below] 4 A,
l@ss than 5 mA for rated current exceeding 10 A and 0,5 mA/A in between.

b) fqr current-using equipment for—permanent connection and current-using statignary
efluipment, both without special-measures for the protective conductor, or plug-in cyrrent
using equipment fitted withatsingle phase or multiphase plug and socket-outlet system,
ted more than 32 A: less.than 3,5 mA for rated current below 7 A, less than 10 mlA for
ted current exceeding 20 A and 0,5 mA/A in between.

bl
Q)0

—

If regidual current devices are provided in the installation, the protective conductor cyrrent
shalllbe compatible(with the protective measures provided.

In nprmal operation, mains frequency equipment shall not generate current with 3 DC
component ‘in-the protective conductor which could affect the proper functioning of regidual
currgnt dévices or other equipment, unless a residual current device is chosen, that allows for
DC cprtent in the mains circuit.

7.8.3 For current-using equipment intended for permanent connection and having a
protective conductor current higher than 10 mA, provision shall be made for a secure and
reliable connection with earth such as described in IEC 60364-5-54:2011.

7.9 Touch current and touch voltage

7.91 Touch currents causing harm shall be avoided. No part or surface that can cause
harm when touched shall be accessible. Limits to maximum allowable touch currents
depending on the frequency of the generating field are provided in Annex B together with
applicable risk classes.

7.9.2 If touch currents can be perceived either in normal operation or electric single
fault condition, the manufacturer shall indicate this to the user in the instructions for use.
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7.9.3 If parts that can cause non-harmful touch currents need to be touched in normal
operation, the manufacturer shall

a) apply warnings and markings according to Annex G, and

b) indicate in the information for use specific handling procedures for the operator if
appropriate; such procedures may include grasping to avoid harm for touch currents
below the let-go threshold.

7.10 Conductors and insulations at high temperature
7.10.1 The effect of decreasing conductivity with temperature of conductor materials and

thus easte—dotte eatinre—efdnd d—eondueto aH—be—taken o—aceoutht—when
dimepsioning conductors. IEC 60364-4-42:2010 and IEC 60364-4-42:2010/AMD1:2014-apply.

All conductors shall be able to operate at their maximum expected enyironmiental
temperature without overheating. They shall be made from conductive material ithat doep not
degrade at the stationary conductor temperature over the intended lifetime! Their insulation
shalllbe made from material that does not degrade or disintegrate over the'intended lifetime.

The manufacturer shall indicate to the user if conductors or insulations have an intehded
lifetime less than that of the EH or EPM installation or equipmentand need replacement; he
shalllindicate inspection and maintenance intervals.

7.1003 The effect of increasing conductivity with temperature of most insulating matgrials
shalllbe considered as this can lead to hazardous leakage currents.

7.104 If the insulating material at the maximum ‘expected temperature does not provide
suffigient insulation, secondary insulating means.shall be introduced.

NOTE| Conductivity of all insulating materials increases with temperature.
7.11| Non-electric faults

Such| single fault condition shall“be taken into account where a fault of mechanical or
thernpal origin leads to parts becoming live — for example the destruction of non-conduycting
insulation, the flow of liquid metals into non-conductive insulation, or a dislo¢ated
condpcting charge connecting conductive elements.

8 PRrotection against hazards from electric or magnetic fields

8.1 General

8.1.1 Clause 8 specifies provisions for frequencies between 0 Hz and 6 MHz concefning
dS, caused by magnetic, electric or electromagnetic fields. Provisions for hjgher

8.1.2 The EH and EPM processing equipment shall be designed and operated so as to
protect the operator and the environment from harmful effects caused by magnetic, electric or
electromagnetic fields. Secondary phenomena such as the creation of ozone by discharges,
induced currents or induced voltages shall also be taken into account.

8.1.3 Annex D provides the relevant risk classes and limits for electric and magnetic fields.

8.2 Magnetic fields

8.2.1 The equipment shall be so designed that the maximum accessible magnetic field
level and characteristics do not cause a risk. Barriers or screens shall hinder exposure to
hazardous fields and be designed as defined in 8.5.
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8.2.2 All hazard zones where risk class 1 conditions exist during normal operation or in
electric single fault condition shall be indicated by the manufacturer in the information for
use and a warning symbol defined in Annex G shall be provided outside the zone.

8.3 Magnetic fields below 1 Hz

8.3.1 In case of static magnetic fields, the manufacturer shall indicate in the information
for use safe behaviour for maximum allowed accessible B value level exceeding the limit for
risk class 1. This includes specifying slow bodypart movement in and out of the field — time for
full entry into the static magnetic field shall exceed a time of 1 s.

8.3.2 Exceptional exposure can be allowed for an operator not carrying or wearing any
metal] objects and not having implants of any kind, if the manufacturer indicates to the user

a) the need for slow movements in static magnetic fields, especially to slow (the bodypart
ovement into and out of the field to a time being longer than 1 s, if.the maxjmum
accessible B value level exceeds 200 mT, and

b) the necessity to instruct and warn persons carrying any metal objects or having mdtallic
implants of any kind not to enter regions exceeding occupational limits.

8.4 Local electric fields

8.4.1 Clause 7, especially 7.9, applies. High-voltage‘hazard zones shall be [non-
accessible by any body parts.

8.4.2 The continuity of the earthing of all conductjve accessible parts shall be provided in
normal operation and electric single fault condition.

8.4.3 lonization phenomena, which can ogcur at high temperatures under high el¢ctric
fieldq, shall be taken into account in the design of insulation distances along surfaces|or in
air. Rarticular care shall be taken in casetof metallic vapour emission, splashes, pollutign, or
similar.

8.4.4 Corona discharges at ‘“high field intensities can create hazardous dzone
concentrations and shall be limited. The manufacturer shall indicate to the user if rel¢vant
ozong is generated in normal joperation or single fault condition.

NOTE| At a given field intensity, the corona effect increases with frequency.
8.5 | Requirements‘related to barriers and screens

8.5.1 A non<conductive, non-magnetic barrier is not considered as protective megsure
other than hindering access, like an obstacle.

8.5.2 Conductive screens guiding or absorbing the field and being protected from (Firect
touch shall have sufficient conductivity and be located in a way that they cannot overnheat in
normal operation or in electric single fault condition. They shall neither exceed the
temperature limit for touchable surfaces as defined in Clause 10 nor shall their integrity of
protection be compromised.

8.5.3 Conductive screens which are accessible for direct touch shall have sufficient
conductivity and be located in such a manner that they cannot overheat in normal operation
or in electric single fault condition. They shall neither exceed the temperature limit for
touchable surfaces as defined in Clause 10 nor shall their integrity of protection be
compromised.

8.5.4 All conductive screens shall have a material thickness 4 that exceeds the energy
penetration depth by a factor of 3 and thus fulfil the following formula:
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e 3
\/47[><f><‘7(f)><ﬂ0 X

(1)

where
o =47107" and is the magnetic constant in Q s m-1;
Uy is the relative permeability;

U(f) is the material and temperature dependent conductivity in Q-1 m-1.

is the frequency in Hz;

NOTE| Some magnetic field leaks through if the plate is thinner. It can be difficult to fulfil the\requiremgnt for

frequgncies below 100 kHz and it is typically impossible below about 10 kHz.

8.5.51 The geometric extent of a conductive screen shall be such that"no hazardous|field

extends over its reach.

8.5.

8.6
8.6.

6] Other measures for stray field control may be indicated; these can be

[V

field filtering window for visible access to the working area; or
ah array of well-placed magnetic objects of sufficient petmeability.

Requirements related to objects worn, carried)or held by persons

1 Metallic objects near the processing equipment can be heated by strong induced

currgnts, even if the requirements of 8.4 and 86-are complied with. Ferromagnetic matgrials

suc

8.6.

hlas in tools can be strongly heated by the‘magnetic field.

2 The hazard of heated up metallic or semiconducting parts shall be considgred.

Inforination on relevant fields is provided in Annex D. The manufacturer shall indicate hazard

zon
info

8.6.

ep to the user and proper wkitten warning for this region shall be provided in the
rination for use and proper warning signs shall be provided outside the zone.

3 Magnetic objects can be exposed to strong mechanical forces and cause a hazgrd in

or ndar strong magnetic fields and field gradients of static fields or low frequency fields. All

Zzon

ep where such risk’ can exist during normal operation or in electric single [fault

condition shall be\.indicated by the manufacturer in the information for use and pfoper

war

8.6.

njng signs shallsbe provided outside the zone.

Hazards related to implanted active medical devices in strong static or time-vaijiable

magnetic fields as well as nuisance related to watches and other electronic equipment|such

as

man

radios are inevitable. Information on relevant fields is provided in Annex D.| The
et ' ' ' ' Il be

provided in the information for use.

8.6.

5 The manufacturer shall indicate, in the information for use, with respect to static

magnetic fields

a)

b)

c)

if very strong forces are expected when fields are varied, especially when the field is
switched on or off,

that operators or ordinary persons having implants of any kind (for example metallic,
semiconducting or medical electronic devices) or wearing any objects made from metal or
semiconducting material shall only attend any zone of risk class 1, and

that operators or ordinary persons carrying any metal objects be instructed about the
need of slow movements and that a special optical or audible warning device is in
operation indicating the existence of such a field.
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8.6.6 The manufacturer shall indicate in the information for use with respect to static and
alternating magnetic fields

a) that operators carrying any metal objects or having implants of any kind (i.e. metallic or
medical electronic devices) or wearing any metal objects shall not attend any zone of risk
class 1 or higher — sufficient marking and proper warning signs shall be provided outside
the zone, and

b) that operators or ordinary persons attending any zone of risk class 2 shall never wear
objects like metal necklaces, bracelets, rings, objects that are magnetisable or objects
made from silicon, carbon or similar.

9 Protection against hazards from radiation

9.1 General

9.1.1 The EH or EPM installation or equipment shall provide protectionsagainst effe¢ts of
intermally generated ultraviolet, ionizing, visible, infrared, and microwave radiation, incliiding
radiation from laser sources.

This [document does not differentiate between the possible sources of radiation (e.g. emitter,
worland or furnace lining) with respect to classification or emission. Different phases qf the

life ciycle of the EH or EPM installation or equipment can cause different levels of radifation

emisjsion and shall be treated separately.

9.1.2 The following effects can lead to unintendeddhazardous emission and shall be faken
into account:

mission of radiation through openings for<ehtrance and exit of workload belonging to
bntinuously operating processing equipmeént;

mission of radiation through doors\of batch processing equipment which are egither
bened or stay open during the process;

the processing equipment, the workload, furnace lining or heating elements havg not
boled down in advance;

e
c

e

0

— emission of radiation when doors of the processing equipment are opened and the inside
o]

c

emission of radiation from'a workload after leaving the installation;

emissions becoming‘accessible during maintenance, commissioning or testing;

emission from heating elements that are operated outside the processing equipment;

— r¢flectors, refractors or reflective walls inside the EH or EPM installation or equipment
c@using zones' of intense irradiation outside.

9.2 | Instalfation or equipment generating ionizing radiation

9.2.1 In the case of EH or EPM installation or equipment not intended to emit iorfizing
radiation, the effective dose rate of unintended stray radiation at any accessible point 100 mm
from the outer surface of the equipment shall not exceed 1 uSv/h unless a national regulation
stipulates a different dose.

9.2.2 The EH or EPM installation or equipment shall be so constructed that
compartments in which electrons are accelerated by voltages exceeding 5 kV cannot be
opened without the use of a tool. Sufficient information for use shall be supplied by the
manufacturer.

9.2.3 Specific provisions for EH or EPM installation or equipment intended to emit
radiation are given in the Particular requirements.

NOTE Equipment that emits ionizing radiation is usually regulated by national authorities. These regulations
address both the emission of radiation from the equipment and the cumulative dose of radiation that can be
received by the operator or ordinary person.
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9.3 Ultraviolet radiation

9.3.1 Annex C provides the applicable restrictions and necessary information to the user
for hazards to operators and bystanders as well as the emission risk classes for EH or EPM
installation or equipment.

Effects of ultraviolet (UV) radiation include the destruction of biological cells and the
degradation of the materials of enclosures or insulations made from plastic. UV radiation
can start chemical reactions and fire. These effects shall be taken into account as well.

9.3.2 All processes where hot reactive gases or surfaces exceeding 2 500 °C are not
completely shielded from the outside and all processes involving or employing a plasma being
not cpmpletely enclosed are defined as intended to emit UV radiation.

9.3.3 Equipment emitting unavoidable stray radiation though not intended\to emit UV
radiaftion shall not permit unintentional escape of UV radiation that could cause_ a hazard.

9.3.4 In the case of equipment intended to emit UV radiation, théymanufacturer |shall
reduge the emitted radiation and irradiation to levels that either

afe below the values defined in Annex C, or
— afe below the value that can cause a possible exposure hazard to operators, or
a

e below the value that can cause a risk through the degrading of exposed equipmenit.

The lowest emission value applies.
Meagqures to minimise emission include screens, barriers, locked doors, filtered windows.

9.3.5 If emission exceeds risk class 0,

— applicable warning and marking shall be applied on the EH or EPM installatign or
efjuipment, and

— the manufacturer shall indicate to the user in the information for use the neefl for
pgersonal protective equipment if hazardous exposure is possible.

9.4 | Visible and infrared .radiation

9.4.1 All EH or EPMinstallation or equipment shall be so designed and constructed that
any eémission of infrared (IR) or visible (VIS) radiation is limited to the extent necessaty for
their [operation and'that their effects on exposed persons are non-existent or reduced to|non-
hazafdous leyels.

9.4.2 Annex C provides the applicable restrictions and necessary information to the Juser
for hazards to operators and bystanders as well as the emission risk classes for EH or|[EPM
installation or equipment.

Otherwise, the following effects shall be taken into account:

— effects of intense VIS radiation can cause hazards for the human eye;

— intense VIS radiation can reduce the ability to see and react to signal lights or warning
signs;

— effects of intense IR radiation include hazards to the human eye and the hazard of burning
of skin;

— intense VIS or IR radiation can ignite flammable materials and fluids;

— surfaces or windows acting as optical elements can locally increase the intensity of
irradiation outside the equipment.
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9.4.3 EH equipment where hot reactive gases or surfaces exceeding 600 °C are not
completely shielded from the outside and EH equipment employing hot plasma being not
completely shielded are defined as intended to emit infrared radiation. Intense visible
radiation is usually caused by thermal emitters exceeding 1 500 °C surface temperature, but
hazards depend on the size and emissivity of the source.

9.4.4 No exclusive reduction or exclusive filtering of visible radiation shall be done, as a
reduction of the visual stimulus of radiation increases risk to persons. Filters shall either be
grey or primarily reduce the non-visible parts of the emission.

9.5 Laser sources

Installations or equipment including laser sources shall meet the requirements of
IEC 60825-1:2014.

10 Protection against hazards from thermal influences

10.1| General

10.11 High temperature and thermal energy are relevant hazatds to consider durirlg all
staggs of design and manufacture of EH or EPM installation orequipment. Clause 10 covers
direct aspects, whereas indirect aspects of thermal energy are treated throughouf this
document:

fovisions concerning thermal radiation are given in\€lause 9;

p
— plovisions concerning fire hazards are given in.Clause 11;
p

rovisions concerning fluids including hot fluids are given in Clause 12.

10.12 EH or EPM installation or equipmient shall be so designed, installed and opefated
that jno hazard due to thermal energy_er elevated temperature is likely to occur fof the
operptor or the environment, even in ¢case of unattended operation or inadvertent switchipng.

10.13 All materials used shall ‘at least withstand the influence of thermal energy| and
tempgrature to which they are-gxposed during normal operation over the designed lifetime of
that |part. A maintenance (cycle shall be part of the information for use indicating the
replacement cycle, if the® designed lifetime of a part is shorter than the lifetime of the
installation or equipment.

10.144 All material” used shall at least withstand the influence of thermal enerdy or
tempgrature reasonably expected during single fault condition over a reasonable pgriod
whern safety ofjthe installation or equipment or any part of it depends on its structural integrity.
This reasonable time period shall be at least the time necessary for detection and remoyal of
that single/ fault condition and cooling down of the installation. If any materials or parts|shall
be eichanged after being exposed to thermal energy higher than that foreseen for ngrmal
operation, this shall be indicated in the information for use.

10.1.5 In case of large accidents, structural parts of the installation and buildings shall at
least withstand the influence of thermal energy or temperature for the time necessary to
detect the accident and evacuate the installation or building.

10.2 Surface temperature limits for protection against burn

All surfaces intended to be touched for operation of the EH or EPM installation or equipment
or which can be touched unintendedly shall not exceed the temperature limits as set in
Annex E during normal operation or in single fault condition. All surfaces exceeding this
limit and that are in reach of the operator shall be marked accordingly and the risk including
possible measures to reduce the risk be indicated in the information for use, or a barrier shall
be placed to prevent accidental touching.
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10.3 Hazards caused by working conditions

The exposure of the operator to thermal stress, hazard of overheating or dehydration shall

be avoided as far as possible. If the operator is to be exposed to excessive heat during

normal operation or single fault condition, the manufacturer

a) shall indicate the need for taking this hazard into account in the information for use, and

b) shall indicate the need for a risk assessment by the user based on the working
procedures.

10.4 Temperature resistance of components

10.401 All structural parts and enclosures shall be made from material that is sufficiently
tempgrature resistant at all temperatures they may reach during normal operation or
prolonged single fault condition unless 10.1.5 applies.

10.42 Enclosures made from plastics or other non-metallic material shall’ only be [used
wher|, during normal operation or single fault condition, their temperatutre does not regch

—

Re limit of flammability,

—

He limit of structural deformation, or

—

He limit of decomposition.

10.43 All insulation shall be made from material that-is sufficiently heat resistant at all
tempgratures it can reach during normal operation or prolonged single fault condition| This
inclugles effects from fault currents inside an insulated.conductor.

10.44 Clearance distances between conductive parts shall be sufficient for temperafures
expefted during normal operation or single fault condition.

10.4)5 Creepage distances between ,canductive parts shall be made to incorporatgd any
increpse of conductivity of insulating\materials used due to temperatures expected during
normal operation or single fault condition.

10.4/6 Mechanical stress frem’thermal expansion shall not cause deformation which ¢ould
causg a hazard.

NOTE| Such mechanical (Stress is often caused by temperature differences in the equipment structure |or by
mismdtch of the coefficight of thermal expansion of different materials. Both can lead to serious failure.

10.4)7 Any parts or accessories of the processing equipment shall be mounted in sych a
way that they-are not subjected to temperatures exceeding the temperature for which thely are
designed.

10.4.8 . vGeneral protective measures against thermal influences on or from the elecfrical
equipment shall be provided according to IEC 60364-4-42:2010 and IEC 60364-4-
42:2010/AMD1:2014.

10.4.9 In the absence of limits supplied by the manufacturer of parts, the maximum
increase of temperature as defined in Table 3 of IEC 60335-1:2010 and I[EC 60335-
1:2010/AMD1:2013 applies to materials and parts or components of the installation.

10.5 Cooling

10.5.1 Where forced cooling of components is employed and lack of cooling can cause a
hazard, provisions shall be made for monitoring the cooling action. If the cooling becomes
insufficient, an alarm shall be given and the equipment shall be switched into a safe state.
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10.5.2 If a liquid cooling agent is used and insufficient cooling due to bubble formation or
boiling can cause a hazard,

a) either the temperature shall be kept sufficiently below the boiling point at applicable
pressure or other means shall assure that no bubbles are formed inside the cooling circuit,
reducing heat transfer, or

b) the cooling system shall be designed to operate safely with liquid and gas mixtures.

10.5.3 Release of hot cooling liquid or vapour shall not pose a hazard itself.

10.5.4 Where live parts are liquid-cooled, the quality of the coolant, the length of the hoses
and the material used for tubes and hoses shall be such that the touch voltage resulting|from

leakage currents does not impair safety.

NOTE| A closed cooling circuit reduces the risk of environment pollution and loss of coolant.

10.6| Over-temperature protection

10.61 In order to ensure the necessary degree of safety in the ‘case of single [fault

condition in the temperature control circuit, appropriate protective~devices and measures
shalllbe applied as defined in Table 4.

Table 4 — Classification of thermal protective measures

Class | Scope of protection Extent of protection Protective device Protective measufe

th

Attended operation
non-hazardous
workload only

Overheating precluded
by constructional
measures

Processing
equipment and
environment thereof

In the case-of/a fault,
no hazard-caused by
the progéssing
equipment

Thermal cut-out,
temperature protector
or comparable
Depending on
utilization and site o
installation

Pre-selected

Processing In\the case of a fault,

equipment,
environment thereof
and workload

DD

no hazard caused by
processing equipment
or workload

temperature controllers,

pre-selected
temperature limiters, or

comparable

The manufacturer shall, for the case of unattended operation, indicate reasonably Igited
interyals at which the installation is to be checked by the user; the applicable class as defined
in Taple 4 shall be indicated to the user.

If necessary, means shall be provided for the operator to Check that a temperature
protective device or system will function in the case of single fault condition. The
information for use shall specify the method and how often the check is required.

10.6.2 If a single fault condition could cause a hazard through overheating of any part of
the EH or EPM installation or equipment including the workload, a thermal cut-out or
system meeting the requirements of 14.7 shall de-energize the heating means and any other
parts which could cause that hazard.

10.6.3 If an insufficient quantity of heat-transfer liquid — for example cooling water — could
cause a hazard, a non-self-resetting liquid-level device shall de-energize the heating means
and any other parts which could cause a hazard.
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10.6.4 Any hazards arising from overheating of the workload or overheating of heat-transfer
media (e.g. heating baths) as well as from over-temperature of parts of the processing
equipment itself shall be taken into account.

10.6.5 In some cases, a fall in the temperature of a heated medium — for example liquid in a
bath or air in an oven or heating cabinet — could cause a hazard. If this can occur as a result
of the operation of an over-temperature protection device or a thermal cut-out after failure of
the temperature control system, an independent temperature control shall be fitted to maintain
a safe temperature without the over-temperature device operating.

10.6.6 __If no over-temperature protection device is used, a controlled and limited amount of
energy supplied to the workload can be used to protect against over-temperature.

11 PRrotection against hazards from fire

11.1| Clause 11 applies for the EH or EPM installation or equipment/in generall and
espetially for the processing equipment.

11.2| Annex F defines a basic understanding of fire hazards for thermal processes, as|they
are fhe purpose and define normal operation of EH installations or equipment. Basic
concepts and methodology of technical fire-prevention and proteetive measures to be taken at

the design and construction phase shall be according to ISQ 19353:2019 where applicable.

11.3| Protection against fire hazards for electrical® equipment shall be according to
IEC 60364-4-42:2010 and IEC 60364-4-42:2010/AMD172014.

11.4| In case of equipment designed to_“contain controlled combustion procesgses,
ISO 13577-2:2014 shall apply.

11.5| For equipment designed to contain flammable materials, either for normal operatipn or
for Heat-transfer, over-temperature ‘protection devices or systems shall ensure thai the
matefial cannot exceed in normal ‘operation or single fault condition

its flash point temperatureswhen being exposed to air, or
b) altemperature 25 K below the fire point when in contact with any heating element.
11.6 | If the workload can ignite or cause damage after an emergency stop or in single [fault

condition, measurés)shall be taken in compliance with 11.6 or as defined in the Particular
requirements. The\following effects shall be considered:

a) residual heat stored in the equipment can be released over a long period after swit¢hing
off;

b) sprface temperature can increase even after switch off due to the release of stored hgat.

11.7 Fire-like phenomena can occur and be sustained that are partially supported by electric
fields or radiation. Such phenomena require special measures dealt with in the Particular
requirements.

12 Protection against hazards from fluids

12.1 General

12.1.1 The manufacturer shall take into account protection against hazards from fluids
encountered in normal operation and single fault condition.
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12.1.2 1SO 13577-2:2014 applies for combustion and fuel handling systems;
ISO 13577-3:2016 applies for protective and reactive atmospheres if applicable. For all other
fluid systems, the provisions 12.1.3 through 12.1.9 apply.

12.1.3 If, in normal operation or single fault condition, fluid is likely to be spilt into the
EH or EPM installation or equipment,

a) it shall be designed so that no hazard is possible — for example as a result of the wetting
of insulation or of internal hazardous-live parts,

b) no corrosion leading to a hazard shall be possible — for example as a result of the contact
of potentially aggressive substances with parts likely to be damaged, and

c) spitable means able to collect or divert the spill shall be positioned.
NOTE| Fluids or spills can be regulated with respect to environmental hazards; this can affect the means taken.

If in hormal operation or single fault condition, potentially aggressive substances (su¢h as
corrgsive, toxic or flammable liquids) are likely to be spilt on parts of the EH or [EPM
instgllation or equipment, the possibly affected surfaces shall be made“from materidl not
affected by the aggressive substance.

12.1. The maximum pressure to which a part of the EH or EPMCinstallation or equipment
can be subjected in normal operation or single fault condition shall not exceed the fated
maximum working pressure for the part. The maximum pressure shall be considered to be the
highgst of the following:

a) the rated maximum supply pressure specified for.an)external source;
b) the pressure setting of an overpressure safety.device provided as part of the assembly;
c) the maximum pressure that can be developed by a pressure generating device that i part
of the assembly, unless the pressure is limited by an overpressure safety device.

12.1)5 Fluid-containing parts shall nogti'cause a hazard through rupture or leakagg. No
intended leakage is allowed from fluid-containing parts intended for toxic, flammablg, or
othenwise hazardous substances.

12.16 Fluid-containing parts.-of refrigeration systems shall meet the relevant prespure-
related requirements of IEC'60335-2-24 or IEC 60335-2-89 as applicable.

12.1[7 Leakage from or into fluid-containing parts at pressures lower than ambient sha]l not
causg a hazard.

12.18 Liquid‘overflowing from any container in the equipment which can be overfilled |shall
not g¢ause._ahazard during normal operation, for example as a result of the wettipg of
insulation jor of internal parts that are hazardous-live.

Equipment likely to be moved while a container is full of liquid shall be protected against liquid
surging out of the container.

12.1.9 Any cleaning, decontamination or disinfection process indicated by the
manufacturer shall not cause degradation of the equipment or any foreseeable hazard.

12.2 Poisonous and injurious fluids

12.2.1 The EH or EPM installation or equipment shall not liberate hazardous amounts of
poisonous or injurious fluids in normal operation, or create a hazard in single fault
condition.

12.2.2 If such fluids are likely to be liberated, they shall be drawn into an extraction system.
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12.2.3 If a flow of fluids or particulate matter can pose a hazard due to their temperature or
impulse, it shall be diverted from the installation and from the operator.

12.2.4 Hazard zones shall be marked and a barrier or obstacle shall limit accessibility.

12.2.5 EH or EPM installation or equipment drawing in air for any purposes shall not draw
in exhaust gas unless necessary for the process or for energy efficiency needs.

12.2.6 The manufacturer shall indicate necessary personal protective equipment for such
substances or gases that can be liberated during normal operation or single fault condition.

12.3| Explosion and implosion of pressurised parts or vacuum equipment

12.31 Pressurised parts of the EH or EPM installation or equipment including vaguum
equigment shall be designed to sustain normal operation and single fault conditions|over
the intended lifetime.

NOTE| ISO 16528-1:2007 can be used unless different national or regional regulations_apply.

12.32 Components liable to burst, implode or explode if overheated, overcharged, for in
other single fault condition shall be provided with a pressure release device.

12.33 Protection of operators by enclosures shall bé: incorporated in the EH or [EPM
instdllation or equipment to protect them from debris or expelled parts.

12.3J4 The effect of sudden boiling of liquids at“pressure loss and resulting hazards| like
spill,|explosion, burn and scald shall be taken into.account.

13 $pecific requirements for components and subassemblies

13.1| General
All components and devices of the. EH or EPM installation or equipment

a) shall be suitable for theif_intended use,
b) shall conform to relevant IEC or ISO standards where such exist, and
c) shall be applied jn\accordance with their information for use.

13.2| Electricalkequipment and conductors

13.21 The'electrical equipment of the EH or EPM installation or equipment shall satisfy
the spfety requirements identified by the manufacturer.

Depemding—upormtheEH—or EPM—instattatiom—or—equipment; —its—imtended—use—and its
electrical equipment, the designer may select parts of the electrical equipment of the
installation that are for LV in compliance with relevant parts of the IEC 61439 series and for
HV parts in compliance with relevant parts of the IEC 62271 series — see also Annex F of
IEC 60204-1:2016.

NOTE IEC 61439 (all parts) specifies requirements for equipment covering a wide range of possible applications
of LV switchgear and controlgear assemblies. IEC 62271 (all parts) specifies requirements for equipment covering
a wide range of possible applications of HV switchgear and controlgear assemblies.

13.2.2 The dimensioning of electrical conductors depending on maximum current and
temperature shall follow IEC 60228:2004 for intended temperatures of the conductors up to
40 °C. Clause 11 of IEC 60335-1:2010 and IEC 60335-1:2010/AMD1:2013 provides
calculation methods and tests for assessing the maximum temperature of electric conductors
at a temperature exceeding 40 °C and shall be used when applicable.
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13.2.3 The proximity and the skin effect shall be taken into account when dimensioning
conductors for higher frequencies.

NOTE The penetration depth of the current decreases with increasing frequency. This the affects cross sectional
area of the conductor and surface to volume ratio. Thus tables of cable current-carrying values relevant for mains
frequency (50 Hz/60 Hz) are generally not applicable for installations working at higher frequencies.

13.3 Connection to the electrical supply network and internal connections

13.3.1 The connection to the electrical supply network depends on the type and the voltage
of the supply system according to 312 of IEC 60364-1:2005. The conductors shall be in
accordance with Clause 12 of IEC 60204-1:2016 for LV and in accordance with Clause 13 of
IEC $0204-11:2018 for HV. The conductors shall be identified according to IEC 60445.

13.32 The incoming supply conductor shall be in accordance with 5.1 of IEC 60204-1:2016
for LY connection or in accordance with 5.1 of IEC 60204-11:2018 for HV connection.

13.33 Interconnecting conductors shall be designed and arranged so,_that they d¢ not
undergo abnormal mechanical stresses in normal operation, for example due to bending,
tensipn, flexing, torsion, friction or vibration, or effects of radiation, heat, moisture or vapours
liablg to damage them. Single fault condition shall be considered.aswell.

13.34 Enclosures of conductors shall ensure

— protection of insulation of conductors against abrasion_and laceration, and
— protection of conductors against tension and torsian)
Enclpsures and devices adopted to avoid tensile stress in fixed electrical connections [shall

not be hazardous-live. They shall also be so designed that any damage of the conductor fo be
protgcted from abnormal tensile stresses is prevented.

13.3/5 EH or EPM installation or equipment, or parts of it, which are not permanently
conngcted to the supply network shalkmeet the following requirements:

QO
~

iff shall have a permanent fixed flexible connecting conductor which can only be removed
with the use of a tool;

b) cpnnections using a sliding contact shall be inaccessible when connected and when
djsconnected but live;

c) live parts of plug-and-socket devices shall be inaccessible when connected and Wwhen
disconnected but-ive;

d) rémovable<gennecting lines shall contain the necessary active and protective conductors
clearly identified and laid-up together;

e) when( several plugs are used, an erroneous connection shall be prevented by shape or
distigcet marking of the plugs.

13.3.6 All flexible wiring shall meet the following requirements:
a) it shall be provided with protective sheaths; measures taken to ensure protection against
tensile stress and torsion shall be readily recognizable;

b) it shall be protected against excessive flexing at the points of entry; protective sheathing
shall be sufficiently long to avoid any damage through bending;

c) it shall be fixed securely or other means shall avoid any hazard through their position in or
near the installation.

13.3.7 All conductors internally or externally cooled with a liquid coolant, and where the
coolant circuit is part of the conductor, shall

a) at least meet the requirements of Clause 12 with respect to the coolant circuit, and
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b) be designed such that leakage currents do not cause a hazard.

NOTE Some coolants, like water, are conductive or can become conductive; their use can lead to leakage
currents.

13.4 Isolation and switching

13.4.1 Isolation, switching-off for maintenance, and functional switching shall be provided
and be in accordance with the applicable standards, IEC 60204-1 for LV and IEC 60204-11 for
HV respectively, or IEC 60364-4-41 and IEC 60364-5-53, when applicable.

13.4.2 Examples of control and auxiliary circuits which, depending on the application, need
not t¢ be switched off, are:

a) lighting and socket-outlet circuits for the connection of repair and maintenance*tools, for
example lamps or drills (irrespective of their voltage);

b) circuits supplying under-voltage trips and circuit-breaker closing andntripping deyices

hich are operated at mains voltage, but are not used for control purposes;

d) ofher auxiliary circuits supplying essential components, for example pumps, fans| and
rives, as well as cooling equipment, which shall not be switched off during the peripd of

c
W
c) apxiliary circuits with ELV;
0
d
interruption of the mains supply;

e) upinterruptable power supply circuits providing power, to” equipment for safety control,

u
cpmputer, human machine interfaces, or closed controlJV.

In the case of LV or HV, the circuits mentioned inya) to e) above shall employ cablg¢s or
insulated conductors segregated from those following the supply disconnecting switch. [They
shall[be connected via separate specially enclesed terminals and shall be provided with a
sepafate disconnecting switch.

whiclh are not disconnected by the supply-disconnecting switch, shall be clearly indicated in

In thI case specified under item b), this_disconnecting switch may not be applied. The cifcuits,
the t¢chnical documentation and may be indicated on the equipment.

13.4.3 Switching of direct_curfent or mains frequency currents at HV through the uge of
circult breakers is permissible for supply, disconnection and isolation, providing the follqwing
cond|tions exist:

a) ah isolating distance is provided and visible — for example a disconnecting switch|or a
withdrawn circuit=breaker;
b) f4cilities aré/provided to prevent closing of the isolating switches and providing conngction
tq earth .of the outgoing cables or busbars.

13.5| Sensors and actuators safeguarding moving parts

ISO 13855 applies.

13.6 Motors

Clauses 14 and 18 of IEC 60204-1:2016 for LV and Clauses 15 and 19 of IEC 60204-11:2018
for HV installations or equipment apply.

13.7 Non electric-heating means

Combustion based heating means shall conform to ISO 13577-2.
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13.8 Lighting

13.8.1 If the ambient lighting is not sufficient to prevent risks — for example areas of shadow
or dazzle exist — the EH or EPM installation or equipment shall be designed with integrated
lighting. Parts requiring frequent maintenance, inspection or adjustment and not illuminated
sufficiently by the ambient light shall be provided with integrated lighting.

13.8.2 The EH or EPM installation or equipment shall be designed and constructed so that
there is no area of shadow likely to cause nuisance, that there is no irritating dazzle and that
there are no dangerous stroboscopic effects due to the lighting or moving parts.

13.9| Structural parts and stability

13.91 The EH or EPM installation or equipment and all its parts shall be<{sufficlently
stable to avoid break-up or collapse during normal operation or single fault condition.

13.9.2 The EH or EPM installation or equipment shall be sufficiently designed or anchored
to avpid tripping, overturning, falling or any uncontrolled movements during normal operation
or single fault condition.

13.93 Design of the structural parts or foundations of the . EH or EPM installatign or
equipment shall not generate hazards, for example through the’/possibility of trapping qf the
operptor in normal operation or single fault condition. This includes hazards from spilled
fluidg.

13.11 Doors, windows and other openings

13.10.1 Subclauses 11.4 and 11.5 of IEC 60204~1:2016 apply.

13.10.2 Means of access shall be secured-by an interlock, where the interlock eliminates
the hlazard immediately. Hazards that areinot eliminated immediately shall only be accegsible
by the use of a tool.

Means of access shall be fittedwith marking and warning as defined in Annex G.

13.11 Transformers, inductors, capacitors

13.11.1 Refer to 13/Subclause 7.2.7 of IEC 60204-1:2016 and 7.2.4 of 60204-11:2018
apply. A thermal ( cut-out shall operate, if over-currents in the secondary circuit of
transformers can_cause overheating of the winding.

13.11.2 Energy stored in capacitors and inductive components shall be released or
discHarged safely in normal operation or single fault condition.

13.11-3Safe working procedures, methods to safety discharge prior to maintenance or in
case of emergency as well as any residual hazards shall be indicated to the user of the
equipment.

13.12 Handheld applicators

13.12.1 The start of normal operation of a handheld applicator shall be through the
sequential activation of a start switch and an operation switch. The switches shall be located
at such a distance from each other that simultaneous activation by a single hand is not
possible.

Both switches shall be biased-off switches, i.e. switches that automatically return to the off
position when their actuating member is released. The start switch enables the operation
switch and the operation switch enables normal operation.


https://iecnorm.com/api/?name=f7278026021e96654bee914b74f18353

- 54 — IEC 60519-1:2020 © |IEC 2020

The handheld applicator shall indicate its operation to the operator through a signal lamp or
comparable means.

13.12.2 In case operation of the handheld applicator generates a hazardous field when
lifted off a workload surface, it shall have an interlock that deactivates operation when it is
removed from the workload.

13.12.3 Screens or barriers shall prevent the placement of hands or other bodyparts near
the active part of the handheld applicator if it emits hazardous fields.

be sufficient in consideration of their expected

shall

13.12.4 An applicable warning as defined in Annex G for the type of field shall be,affixeq and

visible near the active part of the handheld applicator.

13.1

Arcing inside a vacuum system shall not create a hazard.

13.14

In ¢
react

14 Control of the installation or equipment

14.1| General

Vacuum system

Protective and reactive gas generator

se the EH or EPM installation or equipment includes a generator for protective or
ive gases, Clause 11 of this document and ISO 13577<3:2016 apply.

The heed for operator intervention shallkbe limited. If intervention is necessary, it shgll be

condpcted safely and with ease.

Subdauses 14.2 through 14.7 define requirements based on this general concept.

NOTE| The decision to use functional safety concepts is beyond the scope of this document. ISO 13577-4:2014

provides an illustration, when the application of IEC 61508-1:2010 or ISO 13849-1:2015 becomes necessary.
14.2| Operator control unit

14.21 Any operator control unit shall be

a)
b)

c)
d)

clearly visible and identifiable, using standardised symbols where appropriate,

ppsitioned in such a way as to be safely operated without hesitation or loss of timg and
withoUt ambiguity,

located outside a hazard zone — the sole exception being emergency stops, and
positioned in such a way that the operation cannot cause additional risks.

14.2.2 Any operator control unit or the control system with EH or EPM installations or
equipment with defined hazard zones shall

a)
b)

c)

be positioned in a way that enables the operator to ensure that no one is inside a hazard
zone,

give acoustic, visual or a combination of both warnings before the installation is started,
and

assist the operator to assure that starting is prevented while someone is inside a hazard
zone.
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Persons inside a hazard zone or otherwise potentially being exposed to any hazard shall have
sufficient time to leave the hazard zone or prevent starting.

NOTE In large installations the operator may not be able to see all hazard zones.

14.2.3 The provisions of Clause 10 of IEC 60204-1:2016 for LV and those of Clause 10 of
IEC 60204-11:2018 for HV installations or equipment for operator control units and operator-
machine interfaces apply.

14.2.4 If there is more than one operator control unit, the control system shall assure that
the use of one of them precludes the use of the others, except for emergency stops; the use
of stpp controls may be Kept. Each operator control UNit shall be provided with all the
requifed control devices without the operators hindering or putting each other-irfto a
hazafdous situation. For details, refer to 9.2.3 of IEC 60204-1:2016. Each unif-sha]l be
provided with controls to stop some or all of the functions of the equipment of installeltion,
depehding on the relevant hazards, so that safety is ensured during and after the stop.

14.2/5 Any operator control unit shall be designed or protected in_such a way that the
desired effect, where a hazard is involved,

a) cpn only be achieved by a deliberate action, and
b) i manufactured to withstand foreseeable forces.

Partigcular attention shall be paid to emergency stop devices as these are liable tp be
subjgcted to considerable forces in case of an emergency.

14.3| Emergency stop
14.31 Emergency stop devices shall be in aecordance with 10.7 of IEC 60204-1:2016.

14.32 All emergency stop devices shalk be clearly identifiable, clearly visible and qyickly
accesgsible.

14.33 Once the active operation of an emergency stop has ceased following a stgp or
switching off command, the effect of this command shall be sustained until it is reset.| This
resefl shall be possible onlylby a manual action at the device where the command has peen
initiated. The reset of the.command shall not restart the equipment but only permit restarfing.

14.3J4 The emergéency stop signal shall stop the hazardous process as quickly as possible,
withqut creating additional risks. It can trigger or permit the triggering of safeguarding acfions.
The ¢mergency stop function shall be available and operational at all times, regardless gf the
operating made. Emergency stop devices shall be a back-up to other safeguarding measpres;
they ghall-not be a substitute for them.

14.3. sequence of emergency stopy Jperations (¢ an—and conveyc atars in
relation to main processing circuits) shall be taken into account by the manufacturer during
design and shall be specified in the information for use.

14.4 Control systems and their safety functions

14.4.1 Control systems shall be designed and constructed in such a way as to minimise the
occurrence of hazardous situations with the aim of achieving adequate reduction of risks, or
prevent hazardous situations. In particular, they shall be designed and constructed in such a
way that

— they can withstand the intended operating stresses and external influences,

— a fault in the hardware or the software of the control system does not lead to hazardous
situations,

— errors in the control system logic do not lead to hazardous situations, and
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— reasonably foreseeable human error during operation does not lead to hazardous
situations.

It is not always possible to fully avoid all hazards; in this case, an adequate reduction of risks
shall be reached and documented by the manufacturer.

NOTE Adequate risk reduction can be reached through suitable functional safety as defined in IEC 61508-1:2010
or ISO 13849-1:2015.

14.4.2 Start functions shall be initiated by a start button. Start functions shall initiate the
energizing of the relevant circuit. Start shall not be automatic if this can create a hazard. In
case push buttons are used, separate push-buttons for "Start" and "Stop" shall be provided.

14.43 Interlocks shall be provided to secure correct sequential starting.

14.4)4 Stop functions shall override related start functions. The installatien/shall n¢t be
prevented from stopping if a stop signal has been given. Where more than dgne“control sfation
is provided, the stop command from any control station shall be effective.

14.4)5 For operating modes, 9.2.3 of IEC 60204-1:2016 appliesOwith the addition| that
"motion" shall include "heating" and "processing".

14.4)6 For suspension of safety functions or preotective measures, 9.3.§ of
IEC $0204-1:2016 applies.

14.4)7 For cableless control system, 9.2.4 of IEC 60204-1:2016 applies.
14.4)8 For emergency operations, 9.2.3.4 of IEC'60204-1:2016 applies.
14.49 For control functions in the event offailure, 9.4 of IEC 60204-1:2016 applies.

14.5| Controlgear

14.5/1 Sensors and actuatorsi-shall be selected and mounted taking into account all
cond|tions during normal operation and foreseeable single fault condition — for example
tempgrature, mechanical actien or electromagnetic phenomena.

14.5]2 Actuators shalllbe in accordance with 10.2 of IEC 60204-1:2016.

14.5.83 Indicatoerlights and displays shall be in accordance with 10.3 of IEC 60204-1:2016.

14.5)4 Control circuits shall comply with 9.1 of IEC 60204-1:2016.

semi-conductor converters, clearance and creepage distances shall be specified as minimum
values according to

- |EC 60071-1:2006 and IEC 60071-1:2006/AMD1:2010 for the upstream or power network
side, and

— |EC 60664-1:2007 for the downstream or converter side.

14.5.6 An earth fault on any control circuit operating below 200 Hz shall neither cause
inadvertent switching on nor prevent switching off.

a) In order to fulfil this requirement, it is recommended that one side of the control
transformer(s) be earthed and coils and contacts be connected accordingly. Unearthed
control circuits fed from the transformer shall be provided with an insulation-monitoring
device, which either indicates an earth fault or interrupts the circuit automatically after an
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earth fault. The direct current internal resistance of the insulation-monitoring device shall
be at least 50 kQ. For certain electronic devices, much higher values of this resistance
may be necessary.

b) In the case of control transformers with an earthed centre tap, a differential current circuit-
breaker shall be used.

c) For control circuits in which single-pole earthing is required for operational reasons, the
manufacturer shall provide for earthing. Such operational reasons can be, for example
the use of electromagnetic clutches having an internal earth or of control circuits with
electronic components. In this case, separate control transformers or one control
transformer with several isolated secondary windings shall be used.

14.5;l7 In case of earthed control circuit supplies, refer to Figure 7 and 9.4.3]1 of
IEC 60204-1:2016.

14.6 | Protective devices

14.6.1 Protective devices including interlocks protecting an operator from a hazard|shall
prevent the operator from being exposed to the hazard before the hazard is removed. It[shall
meet|the following requirements specified in 14.6.2 to 14.6.7.

14.62 Protective devices shall not obstruct the normal operation or the view onto the EH
or ERM installation or equipment as being necessary for safe-operation.

14.63 Only after the action has been reversed or cancelled, which caused the proteftive
devi¢e to give a stop command, shall the protective device and thus the EH or |[EPM
installation or equipment be reactivated by means‘ef an intentional action.

14.6.4 Protective devices for the protection, of an operator shall be designed such that a
fault jin the protective device cannot cause‘a-hazard — i.e. any fault of the protective device
is a fault to safety. In most cases, this implies that any protective device shall give a|stop
comrmand if it is not fully effective.

14.6. Protective devices shall not easily be bypassed or made non-operational.

NOTE| "Easily" implies without thé use of a tool.

14.6.
the s

Protective devices reacting in case of any short-circuit shall be adequately sizgd for
itching elements in the control circuits.

14.6. Adjustable protective devices and systems shall be adjustable only with the use of
a too| or be pretected by a password.

14.6. Normal operation includes the correct setting of any adjustable protective dejice.
Incorréct’setting of a protective device is a single fault condition. rl

14.7 Over-temperature protection devices and systems

Over-temperature protective devices and systems designed to operate in single fault
condition shall be

a) designed and tested to ensure reliable function, and

b) rated so that components or materials whose temperatures are intended to be limited by
the device do not exceed the relevant temperature limits of Clause 10 or other defined
limits.

Over-temperature protective devices shall be separated from any temperature control
system. This applies not only to the temperature sensing means but also to all disconnecting
devices in the circuits to be de-energised.
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14.8 Overpressure safety device

An overpressure safety device shall not react or release in normal operation. It shall conform
to the following requirements.

a) It shall be connected as close as possible to the fluid-containing parts of the system that it
is intended to protect.

b) It shall be installed so as to provide easy access for inspection, maintenance and repair.

c) It shall not be capable of being adjusted without the use of a tool.

d) It shall be located so that a discharge does not cause hazard to operators; especially it
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dlrected towards the operator.

e) The EH or EPM installation or equipment shall be designed such that no~pregsure
release device is obstructed.

f) It|shall have its discharge opening located and any discharge directed so-that operatipn of
the device does not deposit material on parts, if that could cause a hazard

g) ltf shall have adequate discharge capacity to ensure that the pressure cannot exceef the
rated maximum working pressure of the system.

h) There shall be no shut-off valve between an overpressure safety device and the partg that
itlis intended to protect.

15 Rrotection against mechanical hazards

15.1| With respect to mechanical hazards, the manufacturer shall refer to ISO 13577-1:2016,
if applicable. In all other cases, the requirements $5.2 through 15.11 apply.

15.2| No accessible part of the EH or ERM~installation or equipment shall have rough
surfaces, sharp edges or angles posing a_ hazard.

15.3| Any moving part that poses a_hazard shall be prevented from becoming a risk through
guarfds or protective devices. ISO:14120:2015 applies for design and construction, asspring
the mpechanical stability of guards:

15.4| Sufficient precautions shall be implemented to prevent any hazardous situation |[from
expelled parts, fluids (Clause 12) or workload.

15.5| It shall either"be impossible that an operator gets trapped inside any part ¢f an
installation or egquipment or, if this is impossible to achieve, means to summon help shall be
installed. If an‘operator can be trapped inside the installation, sufficient means for escape or
an ermhergeney stop from the inside shall be installed.

15.6 | Zones where a human body or bodyparts can be exposed to trapping, crushing,
shearing, impact, cutting, entanglement, drawing in, stabbing or abrasion shall be
inaccessible. Such a hazard zone is considered not to present a mechanical hazard if

a) the gaps of the zone comply with the dimensions specified in Tables 13 and 14 of
IEC 61010-1:2010,

b) the distances separating the operator from the hazard zone exceed the values specified
in ISO 13857:2008, and

c) guards and protective measures prevent access.

If this is impossible for normal operation, other measures shall adequately reduce the risk.
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15.7 The speed of movement of any part of the equipment that can come into contact with
the operator, and where contact of the operator with the equipment can result in a
hazardous situation, shall be limited so that the operator can adequately react to the moving
part without resulting in an unacceptable risk.

15.8 Control elements shall be so positioned, recessed, or protected by other means that
they cannot be accidentally actuated, resulting in unacceptable risk.

15.9 The risk due to over-travel (travel past the range limits) of equipment parts shall be
reduced to an acceptable level. End stops or other stopping means shall be provided to act as
the ultimate travel limiting measure in both normal operation and in single fault condition.
Such| means shall have the mechanical strength to withstand the intended loading. The pver-
trave| (stopping distance) of such movement, occurring after operation of a control to _stop the
movegment, shall not result in an unacceptable risk.

15.10 When a part of the equipment has been stopped, any drift away from the stopping
positlon, for whatever reason other than intended action through the contnol .devices, shall be
prevénted or shall be such that it does not cause a hazard.

15.11 If the operator is supposed to move about or stand on the\installation or equipment,
suffigient means to prevent slipping, tripping or falling shall be implemented.

16 Protection against hazards resulting from use

16.1 | Particular hazards in processing of food, feed, cosmetics and similar intended for
human or animal consumption

of the workload being processed. They ‘usually do not pose a hazard for the openator.

16.11 Hygiene hazards differ from other hazards because they are hazards for conSL:(mers
ebris

16.1. Particular hygienic and contamination hazards exist in the processing of worKload
like food, beverages, animal.féed, pharmaceuticals and cosmetics and shall be considgred.
The fequipment shall in that )case fulfil the relevant requirements of 1SO 14159:2002 and
applicable national regulations. Furthermore, such workload shall not be contaminated during
pastgurization, sterilization or other processing, resulting in hazardous products.

16.1. Interaction -of cleaning or disinfection agents or their residuals with the procegsing
equipment shall-be considered. The manufacturer shall include information on safe tq use
agents in the information for use. The manufacturer shall indicate cleaning or disinfection
agenfs thatiare not safe to use.

16.2

If the equipment is intended to be used in combination with other equipment, any hazard due
to the combination shall be considered.

17 EMC

17.1 Radio frequency interference

17.1.1  With respect to the processing frequency of the EH or EPM installation or
equipment, Clause 4 of CISPR 11:2015 applies.
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17.1.2 With respect to limits of electromagnetic disturbances caused by the EH or EPM
installation or equipment, Clause 6 of CISPR 11:2015, CISPR 11:2015/AMD1:2016 and

CIsP

17.2

R 11:2015/AMD2:2019 applies.

Immunity

The EH or EPM installation or equipment shall be able to work properly under the
electromagnetic disturbances being expected at its intended position. IEC 61000-6-2:2016
applies in general and IEC 61000-6-7:2014 applies for all equipment intended to provide
safety functions.

18 \

18.1

Com
requi
coml
a)
b)

)

<

ferification and testing

General

pliance of the EH or EPM installation or equipment with the @pplicable sjafety

rements of this document including protective measures shall be verified by one
ination of the following methods;

xamination of drawings or calculations;

sual inspection;

c)

easurement;

d) functional test;

e) numerical modelling.

Tabl
The

5 lists methods of verification with respect to.the specific requirements of this docu
pplied method and result of the verification'shall be documented.

or a

ment.
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Table 5 — Methods for the verification of requirements

Verification done by

g < E © =
= | =8| g | & 3£
© S5 o o+ e —
Sub- . . £ n O 5 o 09
Requirement or measure relating to £ s Q b O+ €T
clause & >0 o < S ©
x < o 2 cE
o £
18.4 | 18.5 | 18.6 | 18.7 | 18.8
Physical environment and operating conditions for electrical
6.4 : ; . . v v ) (1)
equipment caused by operation of the processing equipment
6.5 Power supply v v ()
6.6 Access v v
6.7 Ergonomic aspects v v
6.8 Transport and storage v v
6.9 Provisions for handling v v
6.10 Consumables and replaceable parts v v
7 Protection against hazards from electric shock tefer to ISO 14120:2015
7.3 General provisions v v
7.4 Basic protection v v
At frequencies exceeding 200 Hz, potential grading of the
7.4.6 oo . v v v
circuit shall be controlled by the following means.
7.5 Provisions for protection in electric single fault condition
7.6 Protective equipotential bonding v v v
77 Additional provisions for fault protection.for frequencies v v
’ above 200 Hz
7.8 Currents in protective conductors v v v v (1)
7.9 Touch current and touch voltage v v v (1)
7.10 Conductors and insulations at high temperature v v (V) (Y)
7.1 Non-electric faults v v
8.2 Magnetic fields v v (Y)
8.3 Magnetic figlds-below 1 Hz v v (1)
8.4 Local electric fields v v (1)
8.5 Requirements related to barriers and screens v v
8.6 Reguirements related to objects worn, carried or held by v v
’ persons
9.2 Installation or equipment generating ionizing radiation v v v ™)
9.3 Ultraviolet radiation v v v (V)
9.4 Visible and infrared radiation v v v (V)
9.5 Laser sources refer to IEC 60825-1
10.2 Surface temperature limits for protection against burn v v v
10.3 Hazards caused by working conditions )
10.4 Temperature resistance of components v v
10.5 Cooling v v v
10.6 Over-temperature protection v v
11 Protection against hazards from fire v v
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Verification done by
c s
o c o © =9
s | 8| E| £ S £
© S5 ® o ==
Sub- . . £ » 0 5 So| o0
Requirement or measure relating to £ ) b O - €T
clause o >0 4 c 59
X £ o = cE
o £
18.4 | 18.5 | 18.6 | 18.7 | 18.8
12.2 Poisonous and injurious fluids v v v
12.3 Exp_losmn and implosion of pressurised parts or vacuum v v
equipment
13.2 Electrical equipment and conductors 4 v v Yy
13.3 Connect.ion to the electrical supply network and internal v v v
connections
13.4 Isolation and switching v v v
13.5 Sensors and actuators safeguarding moving parts refer to 1SO 13855:2010
13.6 Motors v | v | | |
13.7 Non electric-heating means refer'to ISO 13577-2:2014
13.8 Lighting v v
13.9 Structural parts and stability
13.10 Doors, windows and other openings v v
13.11 Transformers, inductors, capacitors 4 4
13.12 Handheld applicators v v v
13.13 Vacuum system v v
13.14 Protective and reactive gas generator refer to ISO 13577-3:2016
14 Control of the installation or equipment v v v
15 Protection against mechanical hazards v v v
16.1 Particular hazards in processing of food, feed, cosmetics and v v v
' similar intended for human or animal consumption
16.2 Combination equipment v v
17 EMC v v
19 Information for use v
Key
v mandatory when applicable
(V) nen mandatory, but preferred

18.2 Performing measurements and tests

18.2.1 Accuracy of measuring equipment and measurement methods shall conform to
IEC 60398:2015, as relevant.

18.2.2 This document defines some tests at cold state and other tests under normal
operation conditions. The test conditions of normal operation shall be the most
unfavourable conditions causing the maximum expected stress to the installation and the
highest probability or strength of hazards in the range of normal operation specified by the
manufacturer.
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18.2.3 This document does not define tests under single fault condition as these can
result in serious damage to the installation.

NOTE IEC 61010-1:2010 can be used in combination with this document to develop verification means for single
fault condition or for type testing.

18.3 Verification of requirements from references

This document references to other standards, where applicable. Such reference includes
requirements and the verification of these requirements when given in those standards.

18.4 —Examination-eof-drawings—or-caleulations

The e¢xamination of drawings and calculations shall be done to verify if all parts of-the EH or
EPM|installation or equipment comply with the applicable requirements of this documenit.

18.5| Visual inspection

Visual inspection of the EH or EPM installation or equipment shall be )done to comparg the
erecfled installation with the drawings. This visual inspection shall ensure the following:

a) the installation has been erected as defined in the drawings;
b) all markings and warnings have been affixed;

c) a|l barriers, obstacles, guards and similar protective mieans are in place;

d) aJl barriers, guards and similar protective means-intended to be removed with a toql are
only removable with the use of a tool;

e) all protective measures are adequate and.exist and all earthing provisions| and
equipotential connections are in accordance with the drawings.

f) all insulations are in place, clean and in‘intended state.

A firgt cold state visual inspection is usually done after mounting and prior to any hot |state
tests| Further visual inspection can-be carried out after finishing all hot state tesfs of
comrissioning. This second visual inspection ensures that the parts of the EH or [EPM
installation or equipment subject to heat, electromagnetic fields, intense radiation jor to
other influences causing wear.-are still in their intended state. Linings, heating elemients,
thermpal insulation and refractories, barriers, doors, gates, windows, lips, systems for
tranrsT)orting or positioning ‘the workload are inspected with the focus on drop-out, grack,
distoftion, unusual abrasion, burn-through, oxidization and creep.

18.6 [ Measurements
18.61 Environment and operating conditions inside the processing equipment

This [mgasurement verifies if the assumed conditions used for the design are met. It cgn be
impogsible to measure all relevant values.

18.6.2 Impedance of protective bonding

The measurement defined in 6.5.2.4 of IEC 61010-1:2010 applies for plug connected
equipment.

The measurement defined in 6.5.2.5 of IEC 61010-1:2010 applies for permanently connected
equipment.
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18.6.3 Insulation resistance measurement

The measurement defined in 18.3 of IEC 60204-1:2016 applies for insulation resistance
measurement at LV; the measurement defined in 19.3 of IEC 60204-11:2018 applies for
insulation resistance measurement at HV and up to 200 Hz. In addition to the requirements
from the references the tests shall be performed in the cold state.

Measurements above 200 Hz are under consideration.

18.6.4 Measurement of electric or magnetic fields

IEC §T786-2:207T4 applies for measuremenis of eleciric or magnelic fields in the ran?e of
frequencies between 1 Hz and 100 kHz, and IEC 61786-1:2013 applies for measurement
instryments.

Meagurements above 100 kHz are under consideration.

18.6J5 Touch current measurement

The measurement of touch currents shall adhere to IEC 60990:2016 between 0 Hz and
1 kHz. The provided method can be used above that frequency for large contact |area
situations.

18.6/6 Measurement of ionising radiation

Confprmity is checked by measuring the amount of radjation emitted in the most unfavourable
cond|tions, when maximum ionising radiation occurs; equipment containing X-ray sources is
set tp produce the maximum possible level of\radiation. The method of determining the
amount of radiation shall be effective over theange of possible radiation energies.

18.6)7 Measurement of non-coherent.optical irradiation

18.6[7.1 For the measuremeni. of non-coherent optical radiation, Clause % of
IEC 62471:2006 applies with the~ clarifications in 18.6.7.2 to 18.6.7.8 and inclliding
requirements given in Annex C.

18.6.[7.2 Separated locdtions of the installation, like separate doors or windows are
sepafate sources of radiation, as defined in 9.1.2 and can belong to different risk clagses.
They|shall be assessed/and verified separately.

18.6[7.3 Usually no controlled environment is possible to achieve. Thus the measurement
cond|tions andyan assessment of the influence of measurement conditions on the qualjty of
the mpeasured data shall be part of the measurement report. Measurement conditions shall be
repoilted,as part of the evaluation and the assignment of risk classification.

18.6.7.4 To maintain stable output during the measurement process and provide
reproducible results, the EH or EPM installation or equipment shall be seasoned for an
appropriate period of time prior to measurement. During the initial period of operation, the
output characteristic will change as components oxidise, age, or come otherwise to a state of
near equilibrium. If measurements are taken with unseasoned installations, the variations
within the measurement period and between measurements can be significant. The necessary
ageing period depends on the specific installation and the environment. It varies with different
types of installations and it can be impossible to reach sufficient ageing for assessment
during commissioning. In this case, measurement shall be done again at a later stage of
equipment lifetime.

18.6.7.5 Careful checks shall ensure that other sources of radiation like nearby equipment
or ovens, hot workload, hot screens, or reflections do not add significantly to the measured
signal.
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18.6.7.6  All measuring equipment for non-spectrally resolved measurement of irradiance or
radiance shall be of class 3.0 or better. For thermal or broad-band radiation the measuring
equipment shall have a flat or constant spectral response between 400 nm and 10 um, a flat
response between 200 nm and 20 um is preferred. For non-thermal radiation, the measuring
equipment shall have a flat or constant spectral response over the complete wavelength-
range of the source. The measuring equipment shall be sufficiently stabilised to avoid any
drift exceeding the limits.

NOTE 1 This can be a thermally stabilised pyroelectric detector for thermal radiation.

NOTE 2 Non thermal sources include LEDs and many types of UV emitter.

18.6)7.7 Annex B of IEC 62471:2006 applies for spectrally resolved measurements| The
accufacy of the measurement results shall be calculated and stated. Measurement inaccuiiracy
shou|d not exceed 30 % of the lowest classification limit in absolute values.

18.6.)7.8 Usually large areas need to be assessed; therefore a scanning procedure ovedr the
surfalce contributing to the emission from one source shall be used, assuring that more|than
90 %]| of the emitted power is inside the scanned area.

18.6/8 Measurement of coherent optical radiation

All measurements of radiation from laser sources shall adhere to-1EC 60825-1:2014.

18.69 Surface temperature measurement

Verifjcation of accessible surfaces shall be done accarding to 5.4. of ISO 13732-1:2006.

18.6.10 Temperature of structural components subject to heat

For measurement equipment, methods and requirements, 6.5 of IEC 60398:2015 applies| The
assessment shall provide the temperatures under the worst case conditions in ngrmal
operption or other condition specific.to-the installation or equipment. Measurement positions
shall|provide information about critical parts or positions, i.e. parts or positions exposg¢d to
maximum heat stress or temperature.

18.7 | Functional tests
18.7.1 Protection bysautomatic disconnection of supply

Subdause 18.2 ofilEC 60204-1:2016 applies for LV and 19.2 of IEC 60204-11:2018 for H)/.

18.72 Voltage test

For LV, jnstallations or equipment, the test of 18.4 of IEC 60204-1:2016 applies, fof HV
installations the test from 19.4 of IEC 60204-11:2018.

18.7.3 Dielectric test

The test given in Clause 13 of IEC 60335-1:2010, IEC 60335-1:2010/AMD1:2013 and
IEC 60335-1:2010/AMD2:2016 applies, when applicable.

18.7.4 Accessibility of live parts

18.7.4.1 Inaccessibility of any live parts for LV shall be checked by tests defined according
to IEC 60529:1989, 12.3.1.

18.7.4.2 Inaccessibility of any live parts for HV shall be checked by tests defined according
to IEC 60529:1989, 12.3.2.
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18.7.4.3 Verification of inaccessibility defined through use of ISO 13857:2008 is done
according to that standard through examination and visual inspection.

18.7.5 Protective devices and systems

Protective systems are tested by applying the signal expected from the protective device in a
fault to the electric circuit that should react.

18.8 Numerical calculations and modelling

18.8.1 General

The pccuracy of any calculation shall at least be sufficient for the problem to be solv%d or
comparable to the achievable accuracy of measurements. This defines the needed.acclracy
of th¢ implemented geometrical setup and minimum grid resolution or number of cells, sufface
elements, time resolution, bands or rays used as well as the used physical orthermochemical
data.

The |use of calculated data instead of measurements shall be stated in the tecHnical
documentation.

The documentation of the calculation shall include

a) the geometrical setup used,

b) all relevant modelling data and a description of the-models used,
c) the software and version used,

d) the set parameters of the software that influenge the result,

e) the method used for verification of the accuracy of the used models and the calculation
itself, and

f) ]l results used for classification.

It shall be possible, from the documeéntation, to implement the models again and to makg the
calcylation again on another system or with another software.

The gdocumentation of the .calculation shall be kept at the manufacturer of the equipmgnt. It
shall|be kept either overithe expected lifetime of the equipment or over a time defingd by
natiopal regulations.

18.8.2 Numerical assessment of short circuit currents

For the assessment of short circuit currents, IEC 60909-0:2016 shall be used; for the effects
of shprt gircuit currents, IEC 60865-1:2011 is applicable.

18.8.3— Numerical assessment of electric or magnetic emission

A numerical assessment of the interaction between the EH or EPM installation or equipment
and exposed persons with respect to electric or magnetic fields and induced electric fields in
bodyparts may be used to assess the induced currents in bodyparts of exposed persons in
case of complex geometries or for such applications where the underlying assumptions for
calculating a reference level are not sound (the near-field region) and if the calculation
reaches a sufficient accuracy.

The use of computational electrodynamics for assessing external fields, internal electric field,
specific absorption rate (SAR) or contact current is a numerical experiment and accuracy
depends inter alia on

— the model of the source, the model of the installation and the model of the human body,

— the calculation method used, and
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— the spatial and temporal resolution.
The documentation of the calculation shall include in addition to the list of 18.8.1

a) the geometries and electromagnetic properties of all conductors and objects relevant to
the calculation, and

b) the grid and resolution or mesh and voxel data.
For accessible emission caused by strongly curved magnetic nearfields in the range

between 1 Hz and 6 MHz, the methods in IEC TS 62997:2017 of employing source geometry
and current can be applied.

For accessible emission caused by electric fields in the range between 1 kHz and~6(MHz
interacting with specified bodyparts and other objects in specified onerous positiods-and| thus
resulfing in an inhomogeneous field, the methods in IEC TS 62996:2017 can be_applied.

NOTE| IEEE 1597 (all parts) provides a method and guide for the validation of .numeric models for
electrgmagnetics and can be used.

18.8/4 Numerical assessment of optical radiation emission

The pssessment of emission and subsequent classification can’be based on ray tracing
calcylation of irradiance and radiance at all positions relevant, for risk assessment instepd of
meagurements and if a comparable accuracy is reached by thevcalculation.

As rgy tracing is a numerical experiment, the demandsion position and orientation of vjrtual
deteg¢tors are the same as for physical detectors during“measurements.

The galculation of radiance or irradiance, depending on the defined spatial angles or angular
subtgnses shall follow the same procedure as.féor measurements defined in 18.6.7 or 18.4.8.

The glocumentation of the calculation shall include in addition to the list of 18.8.1

a) all relevant modelling data and._a description of the models used for involved surfaces,
their scattering behaviour, diffuse or specular reflection,

b) the set parameters of the"software that influence the result, like splitting of rays, maximum
number of split rays followed, minimum amount of energy in a single ray, randomisjation
ethod, and

c) number of rays used, energy lost due to numerical effects.

19 Ihformation'for use

19.1| General requirements

19.1. he—manufacture a a D M nstallation—o aauUHDMen sha provide
information for use of the equipment consisting of communication links such as texts, words,
signs, signals, symbols or diagrams, used separately or in combination to convey information
to the user.

Information about the intended use of the EH or EPM Installation or equipment shall be
provided, taking into account its operating modes, measures required to ensure its intended
and correct use, in particular information on residual risks.

19.1.2 The information for use shall cover separately or in combination transport, assembly
and installation, commissioning, use (including operations like setting, teaching, programming,
process changeover, operation, cleaning, fault finding and maintenance) of the EH or EPM
installation or equipment, and if applicable de-commissioning, dismantling and disposal.
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19.2 Location and nature of the information for use

The manufacturer shall decide whether the information for use or parts of it are given

a)
b)
c)
d)

in or on the EH or EPM Installation or equipment itself,
in accompanying documents,
on the packaging, or

by other means such as signals and warnings outside the EH or EPM installation or
equipment.

This decision—shall-be-based—on-the V'IQII, the—time—when-the—information—is—nheeded—and the

design of the installation.

19.3( Signalling and warning devices

Visual signals (e.g. flashing lights) or acoustic signals (e.g. sirens) shallbe’used to warn
operptors or ordinary persons of an impending hazardous event (for example start-up of the

EH or EPM installation or over-temperature). The following requirementsyshall be met:

a)
b)
c)

sjgnals shall be emitted before the occurrence of the hazardous(évent;
signals shall be unambiguous and shall be clearly recognized by the operator;
slgnals shall be clearly perceived and differentiated from ‘afl-0ther signals used.

If wafning devices are used, they shall be designed and’located such that checking for pfoper
operation is easy. The information for use shall detesmine procedures for verifying pfroper

operation of warning devices.

The [manufacturer shall consider the risk of " "sensorial saturation" when designing the
warn|ng devices. This risk results from toosmany visual or acoustic signals, which can lepd to

ignoring or defeating the warning devicesby the operator.

19.4( Markings, pictograms, written warnings

19.41 The EH or EPM installation or equipment shall be marked on nameplate(s) at[least

with the following data in a visible and legible manner:

a)
b)
c)
d)
e)

g)

h)

erial number, if any,\er name of the EH or EPM installation or equipment;

pme and address.of the manufacturer or authorised representative;

car of medification, if applicable;

s
n
year of construction;
y
n

equipment is intended to be used at different rated supply voltages, the association qf the
pprticular voltage and corresponding supply terminals as well as the type of connection
shall be indicated on the nameplate;

Ember of phases and rated input voltage; when the EH or EPM installatian or

type and value of rated input current;

rated input power; in case of EH or EPM installation or equipment for several voltage
ranges, the maximum values for the power input pertaining to the voltage ranges shall be
stated;

input frequency and rated processing frequency or range of processing frequencies,
where appropriate, shall be stated;

class and group of the EH or EPM installation or equipment according to CISPR 11:2015
and CISPR 11:2015/AMD1:20186, if applicable.

19.4.2 The EH or EPM installation or equipment shall be marked with all information that
is necessary for its safe use, for example
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the maximum workload or output to be processed,
the maximum operation temperature,

the atmosphere to be used (e.g. non-flammable, explosive, toxic, pressure range), if
specific,

the necessity to wear personal protective equipment, and

guard or barrier adjustment data.

19.4.3 Appropriate warnings shall be displayed, in particular against hazards, which cannot
be immediately perceived, such as caused by HV, ionizing radiation, non-ionizing radiation or
electromagnetic fields.

19.44 |EC 60204-1:2016, 16.2, applies for the marking of electrical features.
Letters, words or symbols shall identify control and signalling devices.

Identfification of conductors shall be in accordance with 13.2 of IEC 60204-1:2016.

The glectrical components and their references to the circuit diagram in the documenfation
shall[ be durably marked. The designation shall comply with the)indications on the cjrcuit

diagram.

19.4. The EH or EPM installation or equipment shall bear all markings which are

necepsary to indicate its compliance with applicable requirements.

19.4. Information printed directly on the EH or\EPM installation or equipment shgll be

permianent and remain legible throughout the expected life of the equipment.

Markjngs shall be durable, legible and clearly visible. Markings shall be in the language qf the
counfry in which the equipment is to berinstalled, unless agreed differently. Written warnings
shalllbe drawn up in the language of<the country in which the equipment will be used fdr the

first fime and, on request, in the language understood by operators.

Markjngs, symbols, signs ~and written warnings shall be readily understandable| and
unanpbiguous, especially as regards the part of the function(s) of the equipment to which| they

are

elated. Readily understandable pictograms should be used in preference to written

warn|ngs. Graphical §ymbols shall conform to IEC 60417 and ISO 7000. Signs, labells or
signfoards shall be _designed according to 1SO 3864-1:2011. Annex G provides examples of

relevant symbols.and safety signs.

19.5| Instruction handbook

19.51.</The instruction handbook, including technical documentation and manual$ for
instalofinn commissioning onaration maintananca and deacommiscionina —chall ha nro llded
. Al AL A ALLLALLAAAA AN TR ':"‘""“"“‘"‘-’“! ‘“‘"-‘-" A AL A AL ARLLLN FE AL LA S

in paper form and can be accompanied by electronic data, unless local law allows for
electronic data only.

19.5.2 The instruction handbook shall conform with IEC 82079-1:2012 and shall contain at
least the following information relating to transport, handling and storage of the installation or
equipment, including but not limited to:

a)
b)

c)

storage condition for the EH or EPM installation or equipment or parts of it;
dimension, mass, position of the centre of gravity;

indication for handling — for example, drawings indicating application points for lifting
equipment.
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19.5.3 The instruction handbook shall contain at least the following information relating to
installing and commissioning of the EH or EPM installation or equipment, including but not
limited to:

a)
b)

c)

d)

fixing/anchoring and vibration dampening requirements, or foundation if necessary;

mandatory earth terminals in the vicinity of parts of the EH or EPM installation or
equipment where it is necessary for maintenance and inspection that conductors and
bare conductive parts are earthed after switching off the supply;

if the EH or EPM installation or equipment is sent unassembled to the user, specific
instructions on unpacking of the equipment, checklist of parts, plan of the configuration,
p ' i i = -1:2014
applies;

instructions for connecting the EH or EPM installation or equipment to sources for
working fluids, including their permissible pressures (this includes water, hydraulic liquids,
pressurized air, protective and reactive gases and other working fluids);

instructions for connecting the EH or EPM installation or equipment to-the power supply,
especially tolerable voltage and frequency fluctuations, and including ‘protection against
electrical overloading;

st plan including all tests performed prior to connecting or.‘Operating the EH or |EPM
installation or equipment;

assembly and mounting conditions;
space needed for use and maintenance of the EH or EPM installation or equipment;

permissible conditions of the environment — for example temperature, moisture, vibration,
electromagnetic radiation, intended atmosphere ahd atmospheric pressure;

recommendation about process waste remoyal or disposal, if applicable;
recommendation for the implementation of,protective measures, safety distances, sfafety
s|gns and signals by the user.

The instruction handbook shall contain information relating to the EH or |[EPM

detailed description of the equipment, its fittings, guards and other protective devicjs;

the comprehensive range* of applications for which the EH or EPM installatign or

equipment is intended; including prohibited usages;

djagrams, especially:” schematic representation of safety functions in conformity| with
lause 17 of IEC 60204-1:2016;

data on radiation, gases, vapours and dust emitted by the EH or EPM installatign or
equipmentyincluding if applicable reference to the measurement methods used;

technical documentation of the electrical equipment in conformity with Clause 17 of
IEC-60204-1:2016;

d
mandatory and regulatory requirements;

installation or equipment complies! with

explicit warning, if emission from the EH or EPM installation or equipment can cause a
hazard;

explicit warning, if making the EH or EPM installation or equipment electrically live for
the purpose of measurement and inspection causes excessive stress to electrical
insulation, including if applicable instructions for such tests and the maximum voltage to
be applied.

19.5.5 The instruction handbook shall contain information relating to the use of the EH or
EPM installation or equipment, such as that related to or describing the following:

a)
b)

intended use;
manual controls (actuators);
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c) setting, adjustment and the list of setting values and adjusting values of the EH or EPM
Installation or equipment at the completion of the commissioning test;

d) modes and means for start-up, operation and stopping (for example emergency stop);

e) residual risks;

f) particular risks which can be generated by certain applications, by the use of certain
fittings, and about specific safeguards necessary for such applications;

g) reasonably foreseeable misuse and prohibited applications;

h) procedure for fault identification, location and for repair;

i) safe procedure for restarting after an intervention or after a fault;

j) personal protective equipment to be used;

k) required training.

19.5 The instruction handbook shall contain information for maintenance,/such as the

following:

a) npture and frequency of inspection for safety functions;

b) specification of the spare parts to be used, when these can affeet.the health and safgty of
the operator;

c) instruction relating to maintenance operations which’,‘require a definite technical
knowledge or particular skills and hence need to be carried out exclusively by a sKilled

rson;

d) ingstruction relating to maintenance actions, like repltacement of parts, which do not reguire
specific skills and hence can be carried out by the operator;

e) drawings and diagrams enabling the operator to carry out his task, especially during

aintenance or fault finding;

f) aintenance items which can only be eonducted by the equipment manufacturer or its
designated representative;

g) instructions, drawings and diagrams'related to maintenance;

h) necessary consumables, such as cleaning and disinfection agents or lubricants;

i) type and specific charactetistics of fuses.

19.5[7 The instruction shandbook or other written instructions shall contain information for

mainfenance of electrical equipment of the EH or EPM installation or equipment, su¢h as

the following:

a) necessary testing of the resistance of earth circuits during maintenance;

b) mandatofy )testing of equipotential bonding and insulation resistance values of the
cpnductors to earth and to each other during maintenance;

c) procédure for discharging capacitors and checking the absence of voltage on capacijtors,
iffappheabte:

d) instructions on escape routes during maintenance;

e) procedures for maintenance work with equipment live — the voltage shall not exceed the
LV limits;

f) preparation of the EH or EPM installation or equipment for maintenance through switch
off, connection to earth and short-circuiting;

g) instructions for maintenance in potentially flammable environments — no live circuit or the
replacement of a lamp or fuse is usually tolerable under such conditions — or procedure
for removing flammable atmospheres from the EH or EPM installation or equipment;

h) instructions for maintenance in areas liable to contain toxic gases, or procedures for

removing the toxic gases prior to work.
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19.5.8 The instruction handbook or other written instructions shall contain information for
de-commissioning, dismantling or disposal.

19.5.9 The instruction handbook or other written instructions shall contain information for
emergency situations, such as

a) the operating procedure to be followed in the event of an accident or breakdown,

b) the type of fire-fighting equipment to be used,

c) warning of possible emission or leakage of hazardous substance(s) and, if possible, an
indication of means for fighting their effects, and

d) instructions on the application of first aid to the victims of accidents of electrical origin.
19.5/10 If the instruction handbook or other written instructions contain maintenance
instryctions provided for skilled persons and maintenance instructions (provided for
instructed persons, they shall appear clearly separated from each other.

19.5/11 The instruction handbook or other written instructions shall® contain relg¢vant
information concerning hazards to specific groups of persons — for example pregnant wgmen
or people wearing implanted active medical devices.
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Table A.1 lists all significant hazards, hazardous situations and events, as far as they are
dealt with in this document, that are identified by risk assessment as significant for EH or

73—

Annex A
(normative)

List of significant hazards

EPM installation or equipment and that require action to eliminate or reduce the risk.

Table A.1 — List of hazards dealt with in this document

Hazard

Origin

Hazardous situation/event

Potential consequence

Clause/subclause
of this docirment
or reference usped

1 Mechanical

ISO\18577-1:2016,
SO 12100:2010

high pfessure gases and
liquidg

bursting of vessel,

ejection of (hot) gases,
falling or ejection of objects,
ejection of (hot) liquids

suffocation,
impact,
explosion,
being thrown,
crushing,

slipping or tripping,

12.3

movaljle parts

getting caught by part,
getting crunched between
parts

shear,
crunching,

15

vacuum

implosion of vessel,
bursting of window

impact,
Injection or ejection

12.3

2 Electrical

short-gircuit
arc
live parts

parts yhich have become
live under fault conditions

electric shock,

burn,

shock,

electrocution,

falling or being thrown

7,8

fire,

chemical reaction,
explosion,
projection of molten
particles

7,10, 11

arcinglin vacuum

low pressure reduces
breakdown voltage of gas

any other (e.g. electric)
through overcurrent or
disintegration of vacuum
system

7,13.13

insufficient distance to live
parts junder H\'=
peopl¢/equipment

entering the high-voltage
hazard zone

electrical shock,
fire,
explosion

7,10, 11

fire,
chemical reaction

leakage current caused by
hot insulation or through
water or contamination

Static electricity builds up on
surface and ignites material

explosion,
projection of molten
particles

10, 12

electric shock

prospective circuit breaker
not fast enough

shock,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

prospective short circuit
current

fire,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

7,10, 11
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Hazard

Origin

Hazardous situation/event

Potential consequence

Clause/subclause
of this document
or reference used

inrush current causes relays
to weld and stick in ‘on’

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

discharge into electric
control or measuring
equipment

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or

overheating
T

resongnce in electrical
equipment (transformers,
inductprs, capacitors)

sustained resonance
generates excessive voltage
or current

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

1311

onboalrd electrical source
frequgncy variation

destruction of power
source

6,7, 14

overlojpd

workload contacts heating
means,
formation of foam

eruption or ejection of.
workload

10

underyoltage

any other (for example,
mechanicalyglectrical) as
a consequence of
equipment failure

6.5

overvgltage

overheating of electric
connections, melting of
insulation

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

6.5

magné¢tic field

projection or ejection of
workload or other
metallic parts, effects on
medical implants, body
heating, neural stimulus,
any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

electr¢magnetic-force

ejection of workload or
projection of metallic
parts,

effects on medical
implants, body heating,
any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

electric field

ejection of workload or
projection of metallic
parts, effects on medical
implants,

body heating,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

arc or plasma generating
ozone

breathing harm,
destruction of insulation,
coatings, parts

arc or plasma generating
UV light

destruction of insulation,
coatings, parts
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Hazard

Origin

Hazardous situation/event

Potential consequence

Clause/subclause
of this document
or reference used

electrostatic phenomena
causing arcs

electric shock,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
overheating

7,8

3 Thermal

burn,
dehydration,

hot enjvironment

prolonged stay near
processing equipment

discomfort,

dizziness,

any other (for example,
mechanical, electrical) as
a consequence of a
human error

9, 10,\1

flame

1SO 13577-2

explogion of gas, dust,
aerosgls

falling or ejection of objects,
ejection of (hot) gases

loss of integrity of equipment

any other (for example,
mechanical, electrical).as
a consequence of
equipment failure

11, 13.14,
IEC 60079-1
ISO 13577-3

projecftion or sudden
eruptipn of material

falling or ejection of objects
ejection of (hot) gases,
ejection of (hot) liquids,
thermal energy stored in
workload projects hazard

burn, scald,

impact, being‘thrown,
crushings-slipping or
tripping,

explosion,

any ether (for example,
mechanical, electrical) as
a consequence of
equipment failure

8,10, 11, 15

failurg of cooling

thermal overload of
housirjg, vacuum system or
structyiral parts

failureg of liquid cooling of
enclosure being in contact
with ligquid workload

burn, scald,

impact, being thrown,
crushing, slipping or
tripping,

explosion,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure or
disintegration

12;
1ISO 13577-1:20(16

objectp or materials with a
high t¢mperature

non-sufficient thermal
strength of parts of the
installation leads to break-up
during operation

burn,
ignition, explosion,
radiation

10

burn, scald,
poisoning

hot liquids,

hot liquid flowing out of a
vessel,

hot liquid flowing into water

falling or ejection of objects,
ejection of hot liquids,

liquid metal causes sudden
steam eruption

slipping or tripping,
explosion, ejection,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure

10, 11, 12, 15

superheated hot liquids

burn, scald,

poisoning,

impact, being thrown,
crushing, slipping or
tripping,

explosion,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure

10, 12

hot high pressure gases

scald, burn

10, 12
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Hazard Clause/subclause
. - - - of this document
Origin Hazardous situation/event Potential consequence or reference used
hot high pressure liquids scald, burn 10, 12
radiation from heat sources see "infrared radiation 9
(No. 7)
burn, scald,
poisoning,

impact, being thrown,

pressure loss crushing, slipping or

(in workload or cooling sudden boiling of liquid t”pﬁ"”g’ 12.3
|IqU|d explosion,

any other (for example,
mechanical, electrical) as
a consequence of
equipment failure

4 Noise net in the scope
5 Vibration IS© 13577-1:20(16
6 Electromagnetic fields below 300 GHz

burn,
electrig field dizziness, 8

body heating.

any other (far.example,
magnetic field interacts with mechanical, electrical) as
magné¢tic field installation and leads to a consequgence of 8
break-up equipment failure or
overheating

pfojection or ejection of
workload or other
metallic parts, effects on
medical implants,

any other as a
consequence of
equipment failure or
operator being hurt

magnetic tools or personal
magnégtic field belongings in the vicinity.of
the equipment

7 Radiation — electromagnetic fields' above 300 GHz

effects on reproductive
capability,

mutation, cancer,
burn,

ionisir|g radiation severe illness or death, 9.2
any other (for example,
mechanical, electrical) as
a consequence of
equipment failure

damage to eyes and skin,

mutation, cancer of skin 9.3

ultraviplet fadiation
not suitable material any other caused by

exposed to radiation failure of parts, coatings 93

damage to eyes and skin,

burn 9.4

visible radiation

burn,

damage to eyes,

any other (for example,
mechanical, electrical) as 9.4
a consequence of
equipment failure or
overheating

infrared radiation

excessive heat transfer any other caused by

through radiation failure of parts 9.4, 11
o for example burn, 9,10, 11;
ignition of flammable workload gets stuck, or fire, explosion
substance by radiation 9 ’ » EXp ’ IEC 60079 (all
accumulation of dust noxious gases

parts)
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Hazard

Origin

Hazardous situation/event

Potential consequence

Clause/subclause
of this document
or reference used

laser radiation

getting into the beam

damage to eyes and
tissue

9.5;
IEC 60825-1:2014

beam hits material

ignition, fire, explosion
any other through
destruction of parts

9.5, 11;
IEC 60825-1:2014

8 Material or substance related
aerosol,
combystible;
dust | breathing difficulties, _
fib?e qive, suffocation, 10, 11, 12313.14;
flammpble, cancef, ISO 13577-1:20(16
fluid, corrosion, ISO3577-2:20(14
fume, g’r‘:'os"’”' ISO\13577-3:20016
gas,
mist,
oxidizer
wet workload is added to \?Jgfltxlfonasf molten
worklpad contains water molten workload an other‘throu h 19
sudden rise of pressure Y . 9
destruction of parts
any other{(for example,
deposition of conductive mechanical, electrical) as
. . leakage current, arcing a consequence of 13.13
layer ¢n isolator in vacuum - :
eqUipment failure or
oyverheating
9 Ergonomic
any as a consequence of 6.7 8.9 10 1
accesg moving into hazard zone a human being in the ’ ’13’ 1;1 1’5 N
wrong place T
design or location of any othgr (for example,
indicajors and visual display mechanical, electfr|ca|) as 19.3
units a consequence of a
human error
desigr], location or any othe_r (for exar_nple,
identif ‘cation of control mechanical, electrical) as 14, 19
devicds a consequence of a ’
human error
discomfort,
fatigue,
flicker} dazzling, shadew, stress,
strobgscopic effectby the any other (for example, 13.8, 14
installption mechanical, electrical) as
a consequence of a
human error
tripping due to dim lighting any ﬁther (Iforlexamplle)z,
S ) mechanical, electrical) as
lighting in installation not perceiving warning due a consequence of a 13.8
to glare human error
any other (for example,
handheld applicator and overriding safety switch mechanical, electrical) as 13.12
open ended devices a consequence of a :
human error
excessive effort,
human errors,
human misbehaviour
(unintentional or deliberately | any other (for example,
work process design induced by the design), mechanical, electrical) as 14, 15

loss of direct visibility of the
working area,

painful and tiring postures,
repetitive handling at high
frequency

a consequence of a
human error
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Hazard

Origin

Hazardous situation/event

Potential consequence

Clause/subclause
of this document
or reference used

10 Associated with the environment in which the installation is used

General

ISO 12100:2010

any other as a
consequence of the effect
caused by the sources of

electromagnetic disturbance | malfunction of the controls 6.3, 14, 17
the hazards on the
equipment or parts of the
equipment
— TN any other (for example,
. 1. R tripping d.ue_ to dim Illghtmg, mechanical, electrical) as 13.8, 19.2,49. 3,
insufficient lighting not perceiving warning due
a consequence of a 19:5
to glare
human error
discomfort,
fatigue,
flicker} dazzling, shadow, stress,
strobgscopic effect by other any other (for example, 19
installptions mechanical, electrical) as
a consequence of a
human error
any other (for example
. . insufficient mass flow of air mechanical, fire)as a
heighf or air pressure ) 6
for cooling consequencetof
overheating
1 Combination of hazards
L?pﬁt;r']\ﬁrgrc]:;ve'tnyt; effort + dehydration, loss of
9 awareness, heat stroke
tempefrature
any cgmbination of
flammpble material or )
fire any other 11

worklpad, (heat) energy
and oxidiser
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Annex B
(normative)

Limits to touch currents

B.1 General

Hazards from touch currents are caused by currents flowing through the human body. The
root cause of a touch current is a touch voltage, but a touch voltage is often not a
suffiglent—indication—io RaZaFa ho—aRSHHAY eri—deponds—on—the—specifi of the

creat e B.1
sumrparises the maximum permissible touch currents depending on the frequency of the
electfic field.
NOTE| IEC TS 62996:2017 and IEC TS 60479-2:2017 provide the rationale and basics for-these limit4, and
detailgd information on effects on the human body depending on frequency of the field and the.Contact area.
<
s A
"r,
100 /A
Z.
/.
LA
- / A
) /
"
/
1 / f
10 2
Pk w3
il 4
& ¥4
Vs b4
T /
IR prt T 7
=i g /” b4
_—// e
1 =)
-2 .._
100 1000 10 000 100 000 Hz
IEC

Key
—— (full line) Iinaqv iN@dvertent touching causing aversion
— — — (dashes) Ipercep; approximate perception level in normal environments
—-—-(dots/dashes) 1gripp =1,5 x I, 4, 9ripping or between the feet

NOTE 1 The lines between 60 Hz and 1 kHz are for information purposes only. The graphs are projected between
60 Hz and 1 kHz, to show the connection to mains AC requirements in other standards and similar.
IEC 61140:2016, 5.2.7 informs about the limit for perception and pain for DC and mains AC (50 Hz).

NOTE 2 No specifications are provided above 100 kHz, since local overheating (burns) is assumed to then be the
determining electric shock mechanism, and thus additionally being dependent on tissue impedances.

Figure B.1 — Maximum allowed touch and contact currents between 1 kHz to 100 kHz
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B.2 Risk classes

Table B.1 provides a risk classification based on the limits from Figure B.1 and includes a
distinction between

— possible accidental touch of accessible surfaces — i.e. contacts that may or may not
happen, with low to very low frequency and on a non-regular basis, and

— intended contacts — i.e. contacts that happen on a regular basis.

Intended contacts include gripping on rails and at elevated positions, for lifting or handling.

Table B.1 — Risk classification for hazards from touch currents

the dashed line in Figure B.1

Risk class Touch current Restrictions and Information andtraining
protective measures
accidental touch intended
touching only by the
manufacturer
or recurring
Not perceivable, no bodily reaction No restriction No information needed
0 Exempt or hazard - i.e. a factor of 5 below

1 |_ow risk

Perceivable, but no other bodily
reaction or hazard —i.e. a factor of 2

Restrictions maybe
indicated depending
on the result of'a risk

Information about hazar
risks and secondary effec
be provided by the

s to

above the dashed line in Figure B.1 assessment done by manufacturer
theuser
Information about hazards,
risks and secondary effec{s to
be provided by the
Below the dot- Below the full Special restrictions manufacturer.
5 Moderate d oo . :
risk ashed line in line in and protective - o
Figure B.1 Figure B.1 measures essential If specific training of thp
operator is deemed necessary
by the manufacturer, he ghall
indicate this
Above the dot- Above the full _Informat|on about hazards,
. . oo L risks and secondary effec{s to
3 | High risk dashed line in line in No access .
. . be provided by the
Figure B.1 Figure B.1
manufacturer
B.3 | Body model

Figune B.2 provides an applicable model for impedances of body parts.
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\ Skin . Spread
Primary O—:— | | :
contact area ! R c | | ! R
S s t
Skin and adjacent tissue
5n 160p Gripping
(closed)
Firger ©
B, =3x10%(14) Q 740 730 430 Finger
- —4 contact
= 1x107°4 pF &)
£, = 15004 Q
Where fis in Hz and 4 in mm?
1,3n
Sum of arm,
t dl 540
orso and leg 1.8k
Connection to
secondary contact area
IHC

SOURCE: Kanai et al (Copyright © IEEE. All rights reserved. Reprinted, with permission, from the publisher

Figure B.2 — Complex impedances of various parts of the body, 1 kHz to 6 MHz
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Annex C
(normative)

Non coherent optical radiation — Limits and risk classes

C.1 General

Annex C provides a classification of emission limits and risk zones according to the general
scheme of Table 3. This specific classification is provided in Table C.1.

Table C.1 - Risk classification for optical radiation (UV, VIS, IR)

Rigk class Laser class Restrictions and protective Information and(training
measures
IEC 60825-
1:2014

0 Exempt 1, 1M No restriction No informatienmeeded

Restrictions may be indicated Information about hazards, risks @nd
1 Low risk 2, 2M depending on the result of a risk secondary’effects to be provided py

assessment done by the user the manufacturer

Infermation about hazards, risks and
se€condary effects to be provided py
the manufacturer.

2 Moderate 3R. 3B Special restrictions and protective
risk ' measures essential The manufacturer shall indicate to
the user if specific training of the
operator is necessary
Information about hazards, risks §nd
secondary effects to be provided py
the manufacturer.
3 High risk 4 Access possible when protected by
a Igh ris personal protective equipment The manufacturer shall indicate to

the user the necessary specific
training of the operator and the
personal protective equipment

Information about hazards, risks #nd
3 High risk 4 No access secondary effects to be provided py
the manufacturer

NOTE| 1 Annex C, as well.as the consideration of optical radiation, is based on IEC 62471:2006. IEC 62§71 is
under|revision and will be/published as IEC 62471-1 in the future. The revision of IEC 62471 is quite substgantial,
affecting a change from ‘an exposure viewpoint to an emission framework: this development is (i) in line w{th the
revisign of this doCument, and (ii) has been followed and included here.

NOTE|2 IEG-62471:2006 or the future IEC 62471-1 are the basic documents providing full guidance on all agpects
relevant fof ayfull understanding of optical radiation hazards, a more detailed risk assessment, or measurement of
emisslion.

The manufacturer shall define the boundary of the EH or EPM installation or equipment
with respect to the emission of radiation according to the rules in Clause C.2. He shall either
make use of the emission limits defined in Clause C.3 or make his own risk assessment
based on intended use. He shall inform the user about the used risk classification.

NOTE 3 The risk classes for emission provided in this document are based on simple worst case scenarios.

Annex C does not apply to radiation emission from lighting.

C.2 Boundary of the installation or equipment and assessment

Emission is defined outside a boundary enclosing the EH or EPM equipment or installation
as defined by the manufacturer. This boundary shall be defined by the surface of the
equipment, or any barriers, doors, etc., that hinder access.
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In the absence of physical boundaries, the boundary is defined as the surface up to which an
operator is intended to near the equipment in normal operation or single fault condition.
Definition and a drawing of this boundary shall be provided to the user.

In case of an opening in a furnace, this boundary will be defined by the plane of the outer
frame of the opening unless an operator is intended to get into this opening during normal
operation or single fault condition.

C3

C.3. Approach

The

1)
2)

C.3.2 Optical radiation — Risk class 0

The
the

NOT

optical radiation.

Non-coherent optical radiation — Risk classes

flisk classes are worded in a two-stage approach:

algeneral requirement, defining the risk class and to be met always;

aldetailed list being based on some worst case assumptions which shall-be met unlesis the
manufacturer shows otherwise that the general requirement is met.

EH or EPM installation or equipment does not pose anyphotobiological hazard inside
zpne of risk class 0. Other hazards or risk may still be applicable.

E| Persons can stay for any time inside this risk zone without being-instructed or informed about hazardp from

This fis met either for the EH or EPM installation;orrequipment, or for each single source of

acc

3 000 nm at all or the following applies.

1)

2)
3)

4)

C.3. Risk.class 1 (low risk)

The
the

Othet.hazards aor risk may still he npplir‘nhlp

essible emission either if it does not emit<any significant radiation between 200 nm and

ccessible emission from thermall\ radiation is either caused by sources with a
temperature below 275°C only or is@aused by surfaces of higher temperature and smaller
vlew factor (aperture).

No part of the emitted radiation'ts focused outside the boundary.

In case UV or plasma are'part of the intended process, it does not generate any emigsion
apove 1 mW m-2 in the §(1) weighted wavelength band between 200 nm to 400 nm of any
emission above 10_W.m2 in the wavelength band between 315 nm to 400 nm outside the
bpundary.

I does not emit ‘any radiation with a weak visual stimulus.

H or EPM installation or equipment does not pose any photobiological hazard inside
ne of risk class 1 as long as normal behavioural reactions to the emission are upjheld.

Persons may stay for any time inside this risk zone. They need to be informed about risks

aris

ing from overriding their normal aversion reaction. The user shall be informed that any

task involving an overriding of normal aversion reaction involves additional risks.

NOT

E This includes long term monitoring of a process or a surface.

This is met either for the EH or EPM installation or equipment, or for each single source of

acc

1)

2)

essible emission if the following applies.

Accessible emission from thermal radiation is either caused by surfaces with a
temperature below 400 °C only or is caused from sources of higher temperature and
smaller view factor (aperture).

No part of the emitted radiation is focused outside the boundary.
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3) In case UV or plasma are part of the intended process, it does not generate any emission
above 3 mW m-2 in the S(1) weighted wavelength band between 200 nm to 400 nm or any
emission above 33 W m2 in the wavelength band between 315 nm to 400 nm outside the

b

oundary.

4) It does not emit any radiation with a weak visual stimulus.

C.34 Risk class 2 (moderate risk)

The EH or EPM installation or equipment does not pose any photobiological hazard inside the
zone of risk class 2 as long as operators follow immediately their normal physiological
aversion reaction to bright light or normal physiological aversion reaction caused by thermal

disc

The
poss

This

mrort.. utner nazards or risk may still be applicabDle.

manufacturer shall advise the user that any intended action inside this zone is
ble with protective measures and that access restrictions are mandatory.

is met either for the EH or EPM installation or equipment, or for each'single sour

accepsible emission if the following applies.

1)

2)

o
4)

ccessible emission from thermal radiation is either caused by surfaces w
mperature below 550 °C only or is caused from sources‘\of higher temperature

t
smaller view factor (aperture), but not from surfaces exceeding 2 500 °C.
N

o part of the emitted radiation is focused outside the boundary.

y emission above 100 W m2 in the wavelength band between 315 nm to 40
utside the boundary.

ff does not emit any radiation with a weak wisual stimulus.

C.3.5 Risk class 3 (high risk)

Any
emis|

Ision, or which exceeds the limits for risk class 2 (moderate risk), is classified in

clasg 3 (high risk).

C.3.6 Pulsed equipment

For the definition of risk classes for accessible emission from pulsed sources covere
this Jocument, 6.2 of JEC 62471:2006 applies accordingly.

C.3.7 Radiation from laser sources

Cohdrent™ non-ionising radiation is emitted from lasers. Table C.1 summarises
clasdification of equipment according to IEC 60825-1:2014 and connects it with

clas

only

ce of

th a
and

3) Ip case UV or plasma are part of the intended process,-it does not generate any emigsion
ahkove 30 mW m=2 in the S(1) weighted wavelength band between 200 nm to 400 n
a

m or
) nm

bquipment that can pose a hazard'even for momentary or brief exposure to accespible

risk

d by

the
the

ification-used-in-Clause 4.
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Annex D
(normative)

Electric and magnetic fields

D.1 General

Annex D provides a classification of limits on field strength, energy flux and risk zones
according to the general scheme of Table 3.

The manufacturer shall define the boundary of the EH or EPM installation or equipment
with [respect to the generated electric and magnetic fields emitted by the ER_or |[EPM
installation or equipment according to the rules in Clause D.2. He shall eitherC(make uge of
the emission limits defined in Clause D.3 or make his own risk assessment based on
intended use. He shall inform the user about the risk classification used.

NOTE| Information about exposure Ilimits is given in IEC TS 62996:2017 for_electric fields apd in
IEC TP 62997:2017 for magnetic fields. The information is provided for the understanding of the rationale pehind
the emission limits provided and to enable assessment of emission in special cases not covered here, espgcially
for thg near-field region.

D.2 | Boundary of the installation or equipment and assessment

Field| strength and energy flux (emission) are defined“and measured outside the boundary
enclgsing the EH or EPM equipment or installation‘as defined by the manufacturer.| This
boungdary is defined by the surface of the equipment, or any barriers, doors, etc., that hjnder
accesps or other easily identifiable surfaces, such.as enclosures.

In th¢ absence of physical boundaries, the boundary is defined as the surface up to whigh an
operptor is intended to approach the;"equipment in normal operation or single [fault
condition. The definition and a drawing' of this boundary shall be provided to the user.

In cgse of an opening in a furpace, this boundary will be defined by the plane of the puter
fram¢ of the opening unless-an operator is intended to get into this opening during ngrmal
operption or in single fault condition.

All agcessible emission is measured at a distance of 0,25 m from the accessible surfacges or
openjngs of the EH-or EPM installation or equipment, unless otherwise indicated] like
surfa]‘ces intended” to be touched or creating a field with high curvature. Then| the
manufacturershall provide a risk assessment based on meaningful positions.

All measurements are to be averaged over a minimum time of 1 s for frequencies helow
100 kHzvand 6 min for frequencies above 100 kHz. Other integration limits may be appligd for
intermittent operation; the manufacturer shall inform the user about the integration time used.

Disturbance of the field shall be avoided or reduced to a minimum. Objects placed near the
EH or EPM installation or equipment or near the measurement equipment, including
personnel undertaking the measurement, are root causes of such disturbances.

D.3 Risk classes

D.3.1 General

The classification depends on the assessment of field strength and energy flux over the
complete range of frequencies from 0,25 Hz to 300 GHz for each single location, where the
highest single emission band defines the risk class. More than one source can contribute to
the emission at any position.
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NOTE The risk classes are based on possible worst case exposure from the EH or EPM installation or
equipment in the zone.

D.3.2 Risk class 0

The EH or EPM installation or equipment does not pose any hazard from electric or
magnetic fields or energy flux inside the zone of risk class 0. Other hazards or risk may still
be applicable.

NOTE 1 Persons can stay for any time inside this risk zone without being instructed or informed about hazards
caused by electric or magnetic fields.

This fsmet—either-forthe-nstattatiomorequipment-or-foreach—singte—sourceofemission if it
does|not exceed the maximum permissible exposure (MPE) limits for the general public, as
defined in IEEE C95.6 for 0 Hz to 3 000 Hz and IEEE C95.1 for 3 kHz to 300 GHz.

NOTE|2 These standards define MPEs as undisturbed homogenous fields — no person in~the’ field; thlis the
definifjon is identical to the definition of accessible emission as defined in this document.

NOTE|3 Local regulations can provide other limits.
D.3.3 Risk class 1 (low risk)

The [EH or EPM installation or equipment does not pose~any hazard from electric or
magnetic fields or energy flux inside the zone of risk classi4, If the operator is instriicted
abouf residual risks and safe practices and procedures. Persons may stay for any time ipside
this rjsk zone. Other hazards or risk may still be applicable:

No deparate limits to risk class 1 are identified in this document. The wearing of gctive
implgnts is not advised in risk class 1 or higher.

The [manufacturer can identify limits to.wrfisk class 1 depending on the specifics of the
accepsible emission.

D.3.4 Risk class 2 (moderate risk)

The [EH or EPM installation cOr equipment does not pose any hazard from electric or
magnetic fields or energy flux-inside the zone of risk class 2, if the operator is instrTcted
abouf residual risks, safe practices and procedures. Other hazards or risk may still be
appligable.

This js met either for-the installation or for equipment, or for each single source of emissjon if
it dogs not exceed the maximum permissible exposure limits for controlled environment, as
defined in IEEENC95.6 for 0 Hz to 3 000 Hz and IEEE C95.1 for 3 kHz to 300 GHz.

NOTE|1 ,These standards define MPEs as undisturbed homogenous fields — no person in the field; thlis the
definifjonds’identical to the definition of accessible emission as defined in this document.

NOTE 2 Local regulations can provide other limits.

The manufacturer can identify other limits to risk class 2 depending on the specifics of the
accessible emission and the field, as long as the basic requirement for risk class 2 is upheld.

D.3.5 Risk class 3 (high risk)

Any equipment that can pose a hazard even for momentary or brief exposure, or which
exceeds the limits for risk class 2 (moderate risk), is classified in risk class 3 (high risk).
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Annex E
(normative)

Surface temperature limits

Annex E provides limits for surface temperatures that can be touched. Limits for accessible
surfaces in normal operation are provided in Table E.1.

Surfaces that are accessible but exceed these limits in normal operation or single fault
condition shall be marked with symbol IEC 60417-5041:2002-10.

These limits do not apply for surfaces that are heated by their environment_to, hjgher
tempgratures; such surfaces do not need to be marked.

ISO 13732:2006 provides information about the effects from prolonged contact;

Table E.1 — Surface temperature limits in normal operation

Part Surface material 2 Limit
metal, uncoated or anodised 65 °C
. . metal, coated with paint or other 65°CP
enclosure including doors,
windows, guards and screens, plastic and wood 80 °C
barrigrs and obstacles, not - N
intendled to be touched glass and ceramics 80 °C

small segregated areasjnot likely

to be touched 100 °C

metal 55 °C
handlgs, knobs and other surfaces . o
intended to be touched plastic and wgod 0

glass and ceramics 65 °C

@ Thie major constituent, defining the heatransfer rate of the part.

b Higher temperature up to 80 °C islallowed when the thermal conductivity of the coating reduces hleat
transfer.
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Annex F
(normative)

EH, EPM and fire

Occurrence of fire

2020

A fire hazard occurs if combustible materials and oxidizer in sufficient quantities are in contact
with each other and sufficient energy to ignite them is available — refer to the fire tetrahedron

depigtedinFigure 2 of 150193532019

It is the purpose of EH and EPM installations and equipment to transfer heat to a work

in ng
near
plasr

instdllations. Plasma or static electrical discharges can occur in EPM installations. Pla
arges and other electric phenomenon can provide extra energy thds lowering the flame

disch
point
can |

p
p

F.2

In al
oper
intro

F.3

ISO
safeg

Any
effec

rmal operation. Single fault conditions may provide heat at any other pesition
the EH or EPM installation or equipment. Hot surfaces, intense optical~radiation,
has, hot gases or liquids are a feature of and are to be expected near or insid

or lead to ignition. The normal operation of an EH or EPM installation or equip
ave the purpose to

rocess flammable or combustible material,

rocess flammable or combustible material in oxidising atmosphere, like air, and

ise the temperature of the workload above the tefperature, where spontaneous ig
the workload is possible or happens.

ents can lead to heat or hot material being distributed inside or in the vicinity of th
M installation or equipment.

Inherently safe design meastires

cases where two of the three elements of the fire triangle are part of the no
tion of the EH or EPM installation or equipment and any single fault conditiorn
uce the third factor, it is'itmpossible to achieve an inherently safe design.

Safeguarding-and/or complementary protective measures

9353:2019«.provides the general methodology for reducing the risk of fire thn
uarding and/or complementary protective measures.

Df the jfollowing measures, when applicable, reduces the risk of fire, as it minimise
t from one single fault condition:

load
in or
arcs,
> EH
smas,

ment

nition

e EH

rmal
can

ough

5 the

a) all measures that prevent electric spark forming at the workload or inside the processing
volume (see Clauses 7 and 8);

b) p

hysical separation between electric equipment and processing volume;

c) limiting thermal energy of materials, parts, components and workload — low mass, low
temperature, low specific heat capacity;

d) avoiding non-homogenous heat transfer, especially small zones of very intense power.

The following measures, when applicable, minimise a fire or its spreading:

e) limiting or minimising availability of air; minimising air flow; minimising physical space
filled with air near the workload,;

f) p

roviding separate compartments for different steps of processing.
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F.4

Information for use

It is obvious, as stated above, that an EH or EPM installation or equipment, that heats
potentially flammable material or processes potentially flammable material in oxidising
atmosphere, is not inherently safe. Still the manufacturer in his own interest shall inform the
user of fire hazards with respect to the combination of (i) air or oxidising material, (ii) heat or
other sources of energy, and (iii) flammable or ignitable material. The manufacturer can limit
the intended workload to that which poses a small or negligible fire risk and instruct the user
about this.

Only the u

1)

applying extra caution, when the workload is flammable or can igniteC=\this incJudes
rd is

npt stockpiling potentially combustible material near the EH ,or\EPM installatign or

or EPM installation or equipment, or from fire inside the EH or EPM installatign or

uipment, or from hot material expelled or flowing from-the EH or EPM installati¢
uipment;

n or

NPTE Heat can be transferred through fields, radiation, con¥ection, conduction, mass flow; radiation and

or equipment and its surrounding before it poses a hazard — including aggregatiop

n of

safe

procedures; this includes understanding and safeguarding procedures against overhegating,

installation or equipment;

a
installation orequipment;

b

proyiding sufficient measures for personnel to flee in case of fire.

tween\them; this includes extra measures to safeguard installations from each othef

The manufacturer shall instruct the user about this when applicable.

refully observing the equipment during operation, and early identification of any single

avoiding leakage of potentially flammable substances at or near the EH or |[EPM
suring that only skilled and instructed persons can operate the EH or |[EPM

providing-sufficient distance to other equipment and installations to hinder spread df fire
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Annex G
(normative)

Marking and warning

G.1 Electromagnetic field hazards

All areas where exposure to hazardous electric or magnetic fields is expected shall be
marked when they are risk class 1, risk class 2 or risk class 3 as defined in Annex D or
natiopal—+egutations—indicate- amplos—of—marking—presented—in—Eigure—G-4—consist of
graphical symbols registered in IEC 60417 (see Table G.1 for full reference) and text lgbels,
whicl state the kind of field, the class and the reference.

il N [ 1
i - L |
Caution, static Caution, Caution,
magnetic field electric field magnetic field
class X class X class X
(IEC 60519-1) (IEC 60519-1) (IEC 60519-1)

Figure G.1 — Examples of marking for magnetic and electric fields

G.2 | Touch currents and:surfaces

All stirfaces where exposure to touch currents is expected shall be marked, when they are
risk ¢lass 1, risk class 2) or risk class 3 as defined in Annex B. Examples of marking given in
Figune G.2 consist( of graphical symbols registered in IEC 60417 (see Table G.1 for full
reference) and textlabels, which state the kind of hazard, the class and the reference.

[ ] [ ]

-
—-—T
—-—

L | L ]
Caution, touch Caution, touch current
current or voltage that can cause burns
class X class X
(IEC 60519-1) (IEC 60519-1)

Figure G.2 — Examples of marking for touch current
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G.3 Optical radiation hazards

—91-—

All openings or areas where exposure to radiation is expected shall be marked, when they
are risk class 1, risk class 2 or risk class 3 as defined in Annex C. Examples of marking given
in Figure G.3 consist of graphical symbols registered in IEC 60417 (see Table G.1 for full
reference) and text labels, which state the kind of hazard, the class and the reference.

[ 1
aales
q_wo"_
- y
! /I|\\)
L _
Caution, Caution, Warning, laser
very bright light infrared radiation radiation
class X class X class X
(IEC 60519-1) (IEC 60519-1) (IEC 60825-1)

G4

Tabl
inst

Figure G.3 — Examples of marking for optical radiation

Symbols and signs used for markings @nd warnings

G.1 provides examples of other symbols and signs applicable on EH and
llation or equipment. Applicable signs” and symbols from [EC 60417, 1SO 7040 or

EPM

ISO 7010 shall be used to warn operators.-Safety or warning signs and labels used on the
EH and EPM installation or equipment shall be specified in the information for| use
accofding to 19.4.
Table G.1 — Examples of symbols and signs for use in EH or EPM installations
Symbol/sign Reference Description Clayse
Q IEC 60417-5036:2002-10 Dangerous voltage 7|
A IEC 60417-6042:2010-11 Caution, risk of electric shock 7
/n\ IEC 60417.6204:-2013.07 Caution static maanetic field hazard
/ W\ ! z
IEC 60417-6205:2014-08 Caution, alternating magnetic nearfield 8
hazard
& IEC 60417-6206:2013-07 Caution, electric field hazard 7,8
IEC 60417-6207:2013-07 Caution, touch current that can cause 7.8
burns
é IEC 60417-6208:2013-07 Caution, touch current or voltage 7,8
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Symbol/sign Reference Description Clause
@ IEC 60417-5019:2006-08 Protective earth; protective ground 7
K IEC 60417-6175:2012-11 L|ve_work|_ng, unsuitable for hand- 7
manipulation
1SO 7010-P007:2011-05 _No access for people \_N|th active 8
implanted cardiac devices
@ ISO 7010-P014:2011-05 No access for people with metallic 8
implants
’ ISO 7010-P008:2011-05 No metallic articles or watches 8
) A Caution, non-ionizing eleétromagnetic
A IEC 60417-6166:2012-07 radiation; 8,9
£ A Caution, microwavésradiation
(((_5;,) f IEC 60417-6167:2012-07 Keep out of microwave radiation 8
A
IEC 60417-6151:2012-02 Caution, infrared radiation 9
<[/—§\§§— IEC 60417-6069:2011-08 Caution, very bright light 9
& ISO 7010-W004:2011-05 Warning, laser radiation 9
& IEC 60417-5041:2002-10 Caution, hot surface 1
IEC 60417-6056:2011-05 Caution, moving fan blades ° 1
IEC 602417-6057:2011-05 Caution, moving parts 1§
=
m IEC 60419-6182:2013-09 Installation, electrotechnical expertise 7,19
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Annex H
(informative)

Guidelines on using this document

H.1 Guidelines

This document gives a large number of general requirements that can or cannot be applicable
to a particular EH or EPM installation or equipment. A simple reference without any
qualifieat R s sufficiert—A-manufacture 3 fon or
equipment for which no Particular requirement exists, should use this document

a) bly selection of the most appropriate option(s) from the requirements given in.the rel¢vant
clauses, and

b) by modification of certain clauses, as necessary, where the Particular requirements fgr the
installation or equipment are adequately covered by other relevant standards,

providing the options selected and the modifications made do not adyersely affect the leyel of
protection required for the installation.

When applying the principles listed above, it is recommended<that

¢ference be made to the relevant clauses and subclauses of this document that are
cpmplied with, indicating where relevant the applicable option,

—

— reference be made to the relevant clauses and{subclauses of this document that [have
been modified or extended for the specific equipment requirements, and

|
-

eference be made directly to the relevant standard, for those requirements fof the
electrical equipment that are adequately.covered by that standard.

In alljcases, expertise is essential to bef@ble to

— read and understand all of the requirements of this document,
— choose the applicable requirements from this document where alternatives are given,

— identify alternative or additional Particular requirements that differ from the requirements
of this document oryare not included in the latter, and that are determined by the
irstallation and itsruse,

— specify precisely.those Particular requirements, and

— upe this dogument for risk assessment purposes.

Figude 1 is.a-block diagram of a typical installation and can be used as the starting po|nt of
this fask(_The complementary Table 2 indicates the clauses and subclauses dealing| with
partigular provisions or equipment. However, this document is a complex standard| and
TableZzTan hetp identify the apptication options for a particutar instattation or equipment and
gives reference to other relevant standards. Further, Table 2 helps identify those
requirements that are applicable and those that are not for a specific installation or equipment.

The primary responsibility of the manufacturer with respect to safety of EH or EPM
installation or equipment is given in 6.1.1.
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H.2 Examples of EH and EPM equipment

Typical industrial equipment in the scope of this document is used in installations with the
possible use for

— direct resistance heating,

— indirect resistance heating,

— electric resistance trace heating,

— induction heating,

ma—-th ££ + £ l traraaanatio fornoo n—ra-at
- u Ty o oo T OT oo oo agTc ot TOTO T S OTT 1hat

afc heating, including submerged arc heating,
electroslag remelting,
plasma heating and plasma surface treatment,
— nficrowave heating and microwave drying,
dlelectric heating and melting,
pfocesses using electron guns, like melting,
— infrared radiation heating,
— uftraviolet radiation treatment, and

— Igser heating.

NOTE| The list presents typical examples of applications and is_not)exhaustive.
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Annex |
(informative)

Connection with ISO 13577 (all parts)

The 1SO 13577 series of standards developed by ISO/TC 244 (Industrial furnaces and
associated processing equipment) addresses the safety of all kinds of thermal processing
equipment (TPE) and of industrial furnaces. These standards cover TPE using many kinds of

fuels

and electric energy for the generation and application of heat. The scop

e of

ISO 13577 (all parts) and IEC 60519 (all parts) overlap in parts; therefore, Annex | provides

guida

The
wher

If the
giver
elect

If the
mach

Both
safet
stang
docu

and throughout this document where indicated.

In th

respgct to ISO 12100:2010), he will be referred to this document for requirements conce

elect
effec
well

docu

I} ) () H IH b n 1
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e any kind of fuel is the sole or basic source of heat, ISO 13577-1:2016 applies.

TPE is mainly a machine and involves electroheating, the general réquirement

Fic heating then follow an application of this document.

ine, this document is the applicable type C standard.

ISO 13577-1:2016 and this document are product, safety publications and they cov
y aspects of one or more products within the~scope of a single product TC.
ards reference each other where appropriatevand in an unambiguous way.
ment provides orientation and references tolSO 13577 (all parts) in Clause 4, Ta

e case a manufacturer uses 1ISO 13577-1:2016 as basic standard (type-C standard

rical safety, electroheating, direct or indirect contact to hazardous-live parts
ts of electrical overload. It can(then be possible to make use only of Clauses 7 and
as applicable parts of Clausés 13, 14 and 18 including the related annexes of
ment.

manufacturer can derive his decision from his understanding of the TPE ®eguipment:

b are

from the application of 1SO 13577-1:2016. At least all requirements addressing the

manufacturer is designing an EH or EPM installation. or’ equipment that is mnot a

er all
Both
This
ble 2

with
rning
and
8 as
this
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Annex J
(informative)

Requirements specific to the EU and associated countries

General

2020

The specific regional requirements given in Annex J are applicable to the EU and associated
countries. The requirements of Annex J shall ensure a level of safety at least equivalent to the

main

J.2

This
Dired
due

2006
direc

In c@ase the manufacturer designs thermoprocessing equipment that is a machine

invol
ISO

parts
docu

NOTE
with of
linked

body-of-this-document

Connection with ISO 13577 series

tive) and shall be cited in the Official Journal of the EU (OJEU) under that directi

tive in the OJEU.

3577-1:2016. The Particular requirements then follow from a joint application of

ment. This connection is illustrated in Figure J.4/

A machine is defined in the Machinery Directive of the European Union 2006/42/EC as "an assembly
F intended to be fitted with a drive system other. than directly applied human or animal effort, consis
parts or components, at least one of which moves, and which are joined together for a specific applicat

Thermoprocessing
General requirements
EN 746-1:1997+A1:2009
(ISO 13577-1:2016)

document conform with the safety objectives of the Directive 2014/35/EY (Low Voltage

Ve in

time. This document generally conforms with the safety objectives of the Dirgctive
42/EC (Machinery Directive) as well, but is not intended to ¢be* published undef this

and

es electroheating, the general requirements aré_given from the application of

bther

of the ISO 13577 series and for all aspects «connected to electroheating from this

fitted
ing of
on".

Q)

Combustien Electroheating Protective and reactive
nd fuel handling*systems (this document) atmosphere gasses
EN 746-2:2010 EN 60519-1, identical to EN 746-3:1997+A1:2009
(1ISO13577-2:2014) IEC 60519-1 (ISO 13577-3:2016)

IEC

Figure J.1 — Hierarchy of standards applicable to thermoprocessing machinery
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

SECURITE DANS LES INSTALLATIONS DESTINEES AU TRAITEMENT

ELECTROTHERMIQUE ET ELECTROMAGNETIQUE -

Partie 1: Exigences générales

1) La
co
ob)
de|
de
G

AVANT-PROPOS

mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)! L'IEC

et de favoriser la coopération internationale pour toutes les questions de normalisation(dans les don|
I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internati
5 Spécifications techniques, des Rapports techniques, des Spécifications accessibles\au public (PAS)
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Publications de I'lEC se présentent sous la forme de reedinmandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous les~efforts raisonnables sont entrepris afin qug
ssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
entuelle mauvaise utilisation ou interprétation qui en est\faite par un quelconque utilisateur final.

ns le but d'encourager l'uniformité internationale, les* Comités nationaux de I'lEC s'engagent, dans tg
sure possible, a appliquer de fagon transparente~les Publications de I'lEC dans leurs publications nati
régionales. Toutes divergences entre toutes“Publications de I'lEC et toutes publications national
ionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

FC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépe
rnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu
hformité de 'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifi
épendants.

une responsabilité ne doit'étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
ur tout préjudice causé‘en cas de dommages corporels et matériels, ou de tout autre dommage de q
ure que ce soit, (directe ou indirecte, ou pour supporter les colts (y compris les frais de justice)
penses découlant™de la publication ou de ['utilisation de cette Publication de I'lEC ou de toute
blication de LIEC, ou au crédit qui lui est accordé.
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ttention est\attirée sur les références normatives citées dans cette publication. L'utilisation de publig
érencées.est obligatoire pour une application correcte de la présente publication.

9) L’attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven
'opjet{de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels

us les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.
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La Norme internationale IEC 60519-1 a été établie par le comité d’études 27 de I'lEC:
Chauffage électrique industriel et traitement électromagnétique.

Cette sixiéme édition annule et remplace la cinquiéme édition parue en 2015. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I’édition
précédente:

a) suppression du bruit du domaine d’application;

b) cl

arification des exigences relatives a la CEM;
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c)

d)
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classification des risques associés aux dangers, fondée sur I’émission pour toutes les

fréquences de traitement;

clarification des limites entre I'lEC 60519 (toutes les parties) et I'I|SO 13577 (toutes les

parties).

Le texte de cette Norme internationale est issu des documents suivants:

Le r{pport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote zlayant
abouti a 'approbation de cette Norme internationale.

Ce dpcument a été rédigeé selon les Directives ISO/IEC, Partie 2.

Dang le présent document, les caractéres d'imprimerie suivants sont utilises:

Une Jiste de toutes les parties de la série IEC 60519, publiées sous le titre général Sé
dans| les installations destinées au traitement électrothermique et électromagnétique,
étre ¢onsultée sur le site web de I'lEC.

Le cpmité a décidé que le contenu de ce document ne sera pas modifié avant la daf
stabi

FDIS Rapport de vote
27/1121/FDIS 27/1123/RVD

ekigences et définitions: caractéres romains;
NPTES: petits caractéres romains;

termes utilisés dans I’ensemble de la présente norme gui-ont été définis a P’Arti
chractéres gras.

cle 3:

burité
peut

e de

ité¢ indiquée sur le site web de I'EC sous "http://webstore.iec.ch" dans les données
relatives au document recherché. A cette.date, le document sera
r¢conduit,
slipprimé,

remplacé par une édition-révisée, ou

amendé.

publ

IMPORTANT < Le logo "colour inside" qui se trouve sur la page de couverture de thte

une bonné.compréhension de son contenu. Les utilisateurs devraient, par conséqu
imprjmeér-ce document en utilisant une imprimante couleur.

cation indique qu’elle contient des couleurs qui sont considérées comme utiles a

ent,
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INTRODUCTION

Les présentes exigences générales s’appliquent a tous les équipements industriels EH et
EPM, a moins qu’une exception ne soit indiquée dans les Exigences particuliéres traitant d’un
équipement spécifique dans d’autres parties de la série |IEC 60519. Les dispositions des
autres parties de la série IEC 60519 qui s’appliquent directement a des types spécifiques
d’équipement prévalent sur les dispositions du présent document.

L'Annexe | et I'Annexe J fournissent une orientation quant a l'application de I'lSO 13577-1
conjointement au présent document.

Le pfésent document part du principe que les installations ou les équipements sont exploités
et enftretenus exclusivement par un personnel composé de personnes qualifiées ou averties.

Le présent document est destiné a vérifier que l'installation ou 'équipement’EH ou [EPM
satisfait a ses exigences de sécurité en matiére de conception, d’essais d’acceptation sur site,
d’esdais individuels de série ou d’examen.

L’Annexe H fournit un guide d’utilisation du présent document et/une liste de procgssus
indugtriels EH et EPM types.
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SECURITE DANS LES INSTALLATIONS DESTINEES AU TRAITEMENT
ELECTROTHERMIQUE ET ELECTROMAGNETIQUE -

Partie 1: Exigences générales

1 Domaine d’application

La présente partie de I'lEC 60519 spécifie les exigences générales de sécurité relatives aux
installations ou équipements industriels destinés a I'électrothermie (EH) et aux technolpgies
de trpitement fondées sur I’électrothermie ainsi qu'au traitement électromagnétique des
matIiaux (EPM). Le présent document traite des dangers significatifs, des situgtions
danggreuses ou des événements dangereux liés aux équipements industriels"EH et EPM,
tels qu’ils sont répertoriés dans I’Annexe A, dans des conditions de fonctionnement ngrmal
et en condition de premier défaut ainsi que dans des conditions de, mauvaise utilislation
raisopnablement prévisibles.

Le présent document spécifie les exigences destinées a étre satisfaites par le construg¢teur
pour|assurer la sécurité des personnes et des biens pendant’/le cycle de vie compl¢t de
I’équlpement, de sa conception a sa mise en service, son,exploitation, sa maintenance| son
exanjen, jusqu’a sa mise a l'arrét définitif, ainsi qu’en casyde condition de premier défaut
prévisible pouvant se produire dans I'équipement.

La tgnsion assignée des équipements EH et EPM peut se situer dans la plage de Hasse
tensipn; des informations détaillées sont fournie€s\en 4.2.

Le pfrésent document ne s’applique pas aux équipements et appareils couverts par les
domgines d’application de:

EC 60079 (toutes les parties) = c’est-a-dire les équipements destinés a I'utilisation [dans
des atmosphéres potentiellement explosives;

'IEC 60335 (toutes les \ parties) — c’est-a-dire les appareils électrodomestiques,
cpmmerciaux et analogues, y compris le chauffage de locaux;

EC 60601 (toutes tes parties) — c’est-a-dire I’équipement électromédical;

EC 60974 (toutes-les parties) — c’est-a-dire le matériel de soudage a l'arc;

EC 61010 (toutes les parties) — c’est-a-dire le matériel utilisé en laboratoire.

Le présent decument ne spécifie pas les exigences relatives aux essais de type.

NOTE| .L2quipement industriel couvert par le présent document est généralement produit sous la forme|d’'une
seule unité ou d’un petit nombre d'unités; une telle unité a généralement une trés grande valeur et peut provyoquer
de graves dommages en cas de désintégration.

Le présent document ne traite pas de la sécurité des données ni des dangers engendrés par
un défaut de slreté.

2 Reéférences normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule I'édition citée
s’applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).
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IEC 60071-1:20061, Coordination de Iisolement — Partie 1: Définitions, principes et régles
IEC 60071-1:2006/AMD1:2010

IEC 60204-1:2016, Sécurité des machines — Equipement électrique des machines — Partie 1:
Exigences générales

IEC 60204-11:2018, Sécurité des machines — Equipement électrique des machines —
Partie 11: Exigences pour les équipements fonctionnant a des tensions supérieures a 1 000 V
en courant alternatif ou 1 500 V en courant continu et ne dépassant pas 36 kV

IEC 60228:2004 Amesdescablosiscles

IEC ¢
Exigd
IEC ¢
IEC ¢

IEC ¢
parti

IEC ¢
Exig4
comr
dista

IEC ¢

fondamentaux, détermination des caractéristiquesigénérales, définitions

IEC ¢
assu

IEC $0364-4-41:2005/AMD1:2017

IEC §
assu

IEC §0364-4-42:2010/AMD 142014

IEC ¢
assu
élect
IEC ¢
IEC ¢

0335-1:2010 2, Appareils électrodomestiques et analogues — Sécurité £ Par
bnces générales

0335-1:2010/AMD1:2013

0335-1:2010/AMD2:2016

0335-2-24, Appareils électrodomestiques et analogues — Sécurité = Partie 2-24: R
tulieres pour les appareils de réfrigération, les sorbetiéres et les'fabriques de glace

0335-2-89, Appareils électrodomestiques et analogues)— Sécurité — Partie
bnces particulieres pour les appareils de réfrigération\et fabriques de glace a U
hercial avec une unité de fluide frigorigéne ou un grotocompresseur incorporés
nce

0364-1:2005, Installations électriques a~_basse tension - Partie 1: Prin

0364-4-41:20053, Installations électrigues a basse tension — Partie 4-41: Protection
rer la sécurité — Protection contre lesichocs électriques

0364-4-42:20104, Installations électriques basse tension — Partie 4-42: Protection
rer la sécurité — Protection.contre les effets thermiques

0364-4-44:20078,nstallations électriques a basse tension — Partie 4-44: Protection
rer la sécurité. + Protection contre les perturbations de tension et les perturba
romagnétiques

0364-4-44-2007/AMD1:2015
0364-4-44:2007/AMD2:2018

tie 1:

bgles

2-89:
sage
ou a

Cipes

pour

pour

pour
tions

1 1 existe une version consolidée de cette publication comprenant [I'l[EC 60071-1:2006 et
I'lEC 60071-1:2006/AMD1:2010.

2 existe une version consolidée de cette publication comprenant I'lEC 60335-1:2010,
I'lEC 60335-1:2010/AMD1:2013 et I’ [EC 60335-1:2010/AMD2:2016.

3 I existe une version consolidée de cette publication comprenant [I'IEC 60364-4-41:2005 et
I'lEC 60364-4-41:2005/AMD1:2017.

4 || existe une version consolidée de cette publication comprenant [I'IEC 60364-4-42:2010 et
I'lEC 60364-4-42:2010/AMD1:2014.

5 | existe une version consolidée de cette publication comprenant [I'IEC 60364-4-44:2007,

I'lEC 60364-4-44:2007/AMD1:2015 et 'l|EC 60364-4-44:2007/AMD2:2018.
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IEC 60364-5-53:20016, Installations électriques des batiments — Partie 5-53: Choix et mise en
ceuvre des matériels électriques — Sectionnement, coupure et commande

IEC 60364-5-53:2001/AMD1:2002

IEC 60364-5-53:2001/AMD2:2015

IEC 60364-5-54:2011, Installations électriques basse-tension — Partie 5-54: Choix et mise en
ceuvre des matériels électriques — Installations de mise a la terre et conducteurs de protection

IEC 60398:2015, Installations pour traitement électrothermique et électromagnétique —
Méthodes générales d’essai de fonctionnement

IEC 60417, Symboles graphiques utilisables sur le matériel (disponible a Il‘adiesse
http:/www.graphical-symbols.info/equipment)

IEC 60445:2017, Principes fondamentaux et de sécurité pour les interfaces hemme-madhine,
le marquage et lidentification — Identification des bornes de matériels, des”extrémitds de
condyucteurs et des conducteurs

IEC 60529:1989, Degrés de protection procurés par les enveloppesACode IP)

IEC 60664-1:2007, Coordination de I'isolement des matériels,dahs les systemes (réseapx) a
bassg tension — Partie 1: Principes, exigences et essais

IEC 60825-1:2014, Sécurité des appareils a laser — Rartie 1. Classification des matérigls et
exiggnces

IEC $0865-1:2011, Courants de court-circuit = €alcul des effets — Partie 1: Définitiops et
méthpdes de calcul

IEC §0909-0:2016, Courants de court-circuit dans les réseaux triphasés a courant alternptif —
Partig 0: Calcul des courants

IEC $0990:2016, Méthodes de‘“mesure du courant de contact et du courant dans le
condlcteur de protection

IEC 61000-6-2:2016, Cempatibilité électromagnétique (CEM) — Partie 6-2: Normes générlques
— Nofme d’immunité-pour les environnements industriels

IEC 61000-6-7:22014, Compatibilité électromagnétique (CEM) — Partie 6-7: Normes générlques
— Exigences @immunité pour les équipements visant & exercer des fonctions dans un sysgtéme
lié a [a sécurite (sécurité fonctionnelle) dans des sites industriels

IEC $1010-1:2010. Regles de sécurité pour appareils électriques de mesurage. de régulation
et de laboratoire — Partie 1: Exigences générales

IEC 61082-1:2014, Etablissement des documents utilisés en électrotechnique — Partie 1:
Regles

IEC 61310-1:2007, Sécurité des machines — Indication, marquage, manceuvre — Partie 1:
Exigences pour les signaux visuels, acoustiques et tactiles

IEC 61310-2:2007, Sécurité des machines — Indication, marquage, manceuvre — Partie 2:
Exigences pour le marquage

6 || existe une version consolidée de cette publication comprenant [I'lEC 60364-5-53:2001,
I'lEC 60364-5-53:2001/AMD1:2002 et I'lEC 60364-5-53:2001/AMD2:2015.
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IEC 61310-3:2007, Sécurité des machines — Indication, marquage, manceuvre — Partie 3:
Exigences sur la position et le fonctionnement des organes de commande

IEC 61439 (toutes les parties), Ensembles d’appareillage a basse tension

IEC 61508-1:2010, Sécurité fonctionnelle des systemes électriques/électroniques/
électroniques programmables relatifs a la sécurité — Partie 1: Exigences générales

IEC 61786-1:2013, Mesure de champs magnétiques continus et de champs magnétiques et
électriques alternatifs dans la plage de fréquences de 1 Hz a 100 kHz dans leur rapport a
Iexppsiti ; o 7 " ,

IEC $1786-2:2014, Mesure de champs magnétiques continus et de champs magnétiques et
électriques alternatifs dans la plage de fréquences de 1 Hz a 100 kHz dans leur rapport a
I'exppsition humaine — Partie 2: Norme de base pour les mesures

IEC $1936-1:20107, Installations électriques en courant alternatif de puissance supérielire a
1 kV}|- Partie 1: Régles communes
IEC 61936-1:2010/AMD1:2014

IEC 62061:2005 8 , Sécurité des machines — Sécurité fonctionnelle des systémey de
commande électriques, électroniques et électroniques programmables relatifs a la ségurité
IEC 62061:2005/AMD1:2012
IEC 62061:2005/AMD2:2015

IEC 62271 (toutes les parties), Appareillage a haute tension

IEC 62471:2006, Sécurité photobiologique deSllampes et des appareils utilisant des lampes

IEC $2079-1:2012, Etablissement des>instructions d’utilisation — Structure, contenu et
préséntation — Partie 1: Principes généraux et exigences détaillées

CISPR 11:2015 9, Appareils .industriels, scientifiques et médicaux — Caractéristiquels de
perturbations radioélectriques’= Limites et méthodes de mesure
CISPR 11:2015/AMD1:2016
CISPAR 11:2015/AMD2:2019

IEEE| C95.1:2005,./EEE Standard for Safety Levels with Respect to Human Exposure to Radio
Freqliency Electromagnetic Fields, 3 kHz to 300 GHz

IEEE] C95.6:2002, /I[EEE Standard for Safety Levels with Respect to Human Exposufe to
E/ecllromagnetic Fields, 0-3 kHz

ISO 3864-1:2011, Symboles graphiques — Couleurs de sécurité et signaux de sécurité —
Partie 1: Principes de conception pour les signaux de sécurité et les marquages de sécurité

ISO 6385:2016, Principes ergonomiques de la conception des systemes de travail

7 Il existe une version consolidée de cette publication comprenant [I'l[EC 61936-1:2010 et
I'lEC 61936-1:2010/AMD1:2014.

8 existe une version consolidée de cette publication comprenant I'IEC 62061:2005,
I'lEC 62061:2005/AMD1:2012 et I'lEC 62061:2005/AMD2:2015.

9 | existe une version consolidée de cette publication comprenant la CISPR 11:2015, la
CISPR 11:2015/AMD1:2016 et la CISPR 11:2015/AMD2:2019.
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ISO 7000, Symboles graphiques utilisables sur le matériel (disponible a [I'adresse

http:/

/www.graphical-symbols.info/equipment)

ISO 7010, Symboles graphiques — Couleurs de sécurité et signaux de sécurité — Signaux de
sécurité enregistrés

ISO 12100:2010, Sécurité des machines — Principes généraux de conception — Appréciation
du risque et réduction du risque

ISO 13577-1:2016, Industrial furnaces and associated processing equipment — Safety — Part 1:

Gene

ISO
Com

ISO
Gens
seulq

ISO
répo

ISO
la sé

ISO
conc

ISO
rapp

ISO
supé

ISO
prote

ISO
conc

ISO
conc

3577-2:2014, Industrial furnaces and associated processing equipment — Safety~ R
bustion and fuel handling systems (disponible en anglais seulement)

3577-3:2016, Industrial furnaces and associated processing equipment +» Safety — R
ration and use of protective and reactive atmosphere gases (disponible en an
ment)

art 2:

art 3:
glais

3732-1:2006, Ergonomie des ambiances thermiques — Méthodes d’évaluation dle la

1se humaine au contact avec des surfaces — Partie 1: Surfaces chaudes

3849-1:2015, Sécurité des machines — Parties des Systemes de commande relati
curité — Partie 1: Principes généraux de conception

3850:2015, Sécurité des machines — Fonction d’arrét d’urgence — Principe
bption

3855:2010, Sécurité des machines\— Positionnement des moyens de protectiof
brt a la vitesse d’approche des parties du corps

Fieurs et inférieurs d’atteindre les zones dangereuses

4119:2013, Sécurité . des machines — Dispositifs de verrouillage associés a
cteurs — Principessde conception et de choix

4120:2015, «Sécurité des machines — Protecteurs — Prescriptions générales po
bption et [ayconstruction des protecteurs fixes et mobiles

415972002, Sécurité des machines — Prescriptions relatives a I’hygiéne lors
bption’ des machines

es a

par

3857:2008, Sécurité des machines — Distances de sécurité empéchant les membres

des

ur la

e la

ISO 19353:2019, Sécurité des machines — Prévention et protection contre I'incendie

3 Termes, définitions et termes abrégés

Pour

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

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |ISO Online browsing platform: disponible a I’'adresse http://www.iso.org/obp
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3.1
3.1.1

Concepts généraux

électrothermie

EH

DECONSEILLE: énergie électrothermique
conversion de I'énergie électrique en chaleur a des fins d’utilisation

Note 1 a l'article: L’abréviation "EH" est dérivée du terme anglais développé correspondant "electroheating”.

3.1.2

traitement électromagnétique des matériaux

EPM

interaction entre une énergie ou des forces électromagnétiques et des matériaux a.des fins
d’util|sation

Note 1 a l'article: L’EPM peut inclure le chauffage, entre autres.

Note 3 a l'article: L’abréviation "EPM" est dérivée du terme anglais développé correspondant "electromalgnetic
procegsing of materials”.

3.1.3

champ électromagnétique

EMF

chanlp électrique ou magnétique ou une combinaison de champs électriques et magnétiques
a varfiation temporelle

Note 1 a l'article: L’abréviation "EMF" est dérivée du terme<anglais développé correspondant "electromagnetic
field".

3.1.4

rayohnement électromagnétique

propagation du champ électromagnétique transportant I'énergie

EXEMPLE Rayonnement d’hyperfréquences ou rayonnement optique (infrarouge, visible et ultraviolet).

3.1.5

régign de champ proche

<d’'un champ électromagnétique> région proche d’une antenne ou prédominent les effets{d’un
champ électromagnétique ne se propageant pas

Note 1 a l'article: La_région de champ proche est encore subdivisée en région de champ proche réactif, qui est
la plug proche de la_structure rayonnante et qui contient la plus grande partie ou la quasi-totalité de I'éhergie
stockde, et en région- de champ proche rayonnant ot le champ de rayonnement prédomine sur le champ rgactif,
mais rje présentépas le caractére essentiel d’'onde plane et a une structure complexe.

Note 3 a l'article: La partie non rayonnante des champs électromagnétiques prédomine nettement dans une
région| s‘€tendant sur une distance d’environ 0,5 longueur d’onde & partir de 'antenne.

3.1.6

constructeur

producteur de I'équipement ou de l'installation EH ou EPM responsable de la conformité au
présent document

Note 1 a l'article: Selon le sens entendu par ce document, le constructeur peut étre également un fourni
un distributeur, un importateur ou un mandataire.

3.1.7

utilisateur
partie responsable de I’exploitation et de la maintenance de I'’équipement ou de l'installation

EH o

u EPM, de la mise en service jusqu’a la mise a I'arrét définitif

sseur,
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3.1.8

personne qualifiée

personne formée

personne ayant la formation, les connaissances et 'expérience appropriées pour lui permettre
de percevoir les risques et d’éviter les dangers que peut présenter le type d’installation ou
d’équipement, y compris de superviser les personnes averties

Note 1 a I'article: Le terme personne formée est utilisé dans I'I|SO 13577 (toutes les parties).

3.1.9
personne avertie
persgrre—formeée eiHée—par—de peFSORRE guatifiée ped H—permetire de

percgvoir les risques et d’éviter les dangers que peut présenter une installation. /oy un

perspnne qualifiée ou avertie réalisant une ou plusieurs taches lors de ‘I’exploitation, du
réglage, de la maintenance, de la réparation ou du démontage d’une€)installation ou|d’un
équipement

3.1.111

perspnne ordinaire
persdnne ni formée ni qualifiée qui n'est pas en mesure de percevoir les risques et d’¢viter
les dangers, pour laquelle une exposition peut étre nocive a des niveaux inférieurs a |ceux
des gpérateurs

EXEMPLE Personne appartenant au grand public: femme_enceinte, personne dgée ou handicapée, mais gas un
enfani.

3.1.12
vide
presgion inférieure a 30 000 Pa

Note 1 a l'article: Défini comme une. pression inférieure a toute pression environnementale s’exergant [sur la
surface terrestre.

Note 2 a I'article: Le vide est divisé€ en plages de pression, comme suit:
— vide grossier de 100 Pa«a\10 000 Pa;

<

e moyen de 0,1 Pa‘aA100 Pa;
— vide poussé de 10:5.Pa a 0,1 Pa;

— ulkravide au-dessous de 10" Pa.

3.2 | Equipement et état de ’équipement

3.21
équipement electrique

ensemble d’éléments utilisés pour générer, convertir, transmettre, distribuer ou utiliser
I’énergie électrique, tels que les convertisseurs, les transformateurs, les condensateurs,
I'appareillage, les appareils de mesure, les dispositifs de protection et les canalisations

3.2.2

équipement électrothermique

équipement EH

DECONSEILLE: équipement d’électrothermie

équipement dans lequel le travail électrique est converti en chaleur a des fins d’utilisation

Note 1 a l'article: L’abréviation "EH" est dérivée du terme anglais développé correspondant "electroheating".
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3.2.3

équipement de traitement électromagnétique des matériaux

équipement EPM

équipement dans lequel une énergie ou une force électromagnétique est fournie pour le
traitement électromagnétique des matériaux

Note 1 a l'article: L’abréviation "EPM" est dérivée du terme anglais développé correspondant "electromagnetic
processing of materials".

3.24

installation électrothermique

installation FH

DECPDNSEILLE: installation d’électrothermie
installation composée d’équipements électrothermiques, d'équipements électrigugs et
d’éqyipements mécaniques nécessaires a son fonctionnement et son exploitation

Note 1 a l'article: L’abréviation "EH" est dérivée du terme anglais développé correspondant "efectroheating".

3.2.5
instgllation de traitement électromagnétique des matériaux
installation EPM

installation composée d’équipements de traitement électromagnétique des matérjaux,
d’éqliipements électriques et d’équipements mécaniques nécessaires a son fonctionngment
et son exploitation

Note 1 a l'article: L’abréviation "EPM" est dérivée du terme anglais développé correspondant "electromalgnetic
procegsing of materials".

3.2.6
conditions de fonctionnement normal
fonctjonnement de [linstallation ou de l'équipement comme cela est spécifié par le
consltructeur, en accord avec l'utilisateur

3.2.7
charge de travail
objetfou matériau en cours de traitement

Note 1 a l'article: Le terme "charge” a une signification différente. Il est utilisé et défini en conséquence dalns les
Exigefces particuliéres de I'lE€ 60519 (toutes les parties), le cas échéant.

3.2.8
condition de premier défaut
cond|tion dansaquelle il existe un défaut d’'une protection simple (mais pas d’une protégction
renfgrcée), d’uncomposant ou d’un dispositif unique

Note 1 aA’article: Si une condition de premier défaut engendre une ou plusieurs autres conditions de défaut,
toutes| sont’considérées comme une seule condition de premier défaut.

Note 2 a l'article: Une condition de premier défaut peut ou peut ne pas avoir une incidence sur le processus ou
le fonctionnement prévu de l'installation ou de I'équipement EH ou EPM.

Note 3 a Il'article: Un incident qui provoque l'arrét du fonctionnement normal, qui cause directement des
dangers ou qui entraine une désintégration directe de l'installation ou de I'équipement EH ou EPM ou de piéces
de ceux-ci n’est pas une condition de premier défaut au sens de cette définition; il s’agit alors d’'un dommage
majeur, d’'une avarie, d'un accident.

[SOURCE: IEC Guide 104:2019, 3.8, modifiée — Les Notes 2 et 3 ont été ajoutées.]

3.2.9

condition de premier défaut électrique

état dans lequel un moyen de protection contre les chocs électriques est défectueux ou un
défaut est présent, ce qui peut entrainer un danger
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Note 1 a I'article: Une condition de premier défaut électrique est identique a une condition de premier défaut
telle que définie dans I'lEC 61140:2016.

[SOURCE: IEC 61140:2016, 3.1.4, modifiée — Le terme original "condition de premier défaut"
a été remplacé par "condition de premier défaut électrique” et la note a été remplacée par
une nouvelle note.]

3.2.10

fréquence de traitement

DECONSEILLE: fréquence de production

fréquence de fonctionnement de I'équipement ou de l'installation EH ou EPM a laquelle le

courant ou le champ est appliqué a |a charge de travail

Note 1 a l'article: Des plages spécifiques de fréquences de traitement sont définies dans le Tableauy
3.3 | Piéces et accessoires

3.3.1
enveloppe
ence|nte assurant le type et le degré de protection approprié pour I'application prévue

[SOYRCE: IEC 60050-195:1998, 195-02-35]

3.3.2
fenétre
parti¢ d’'une enveloppe qui permet le passage d’'un certain type de rayonnement

3.3.3
barriére
objet| physique limitant 'accés a I'équipemepi<ou a I'enveloppe de cet équipement, qui|peut
étre $eulement retiré au moyen d’un outil ou-est verrouillé

Note 1 a l'article: Une barriére peut étre physiquement séparée de I’équipement, mais fait partie intégrante de
I'installation.

Note 2 a larticle: Les barriéres soni. généralement transparentes au champ électrique, magnétique pu au
rayonfement de traitement.

3.3.
protecteur
barriére intégrée a "équipement

3.3.

obstacle
élément .empéchant l'accés, qui est fixé pour éviter sa suppression accidentelle, |mais
retirgblé-sans outil ni clé

3.3.6

dispositif de protection

<électrique>

dispositif électrique qui réduit un risque

EXEMPLE Commande bimanuelle, tapis ou bord sensible a la pression, barre et cable de déclenchement, rideau
lumineux, scanner a laser.

3.3.7

écran

dispositif destiné a réduire la pénétration d'un champ électrique, magnétique ou
électromagnétique dans une région déterminée
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[SOURCE: IEC 60050-151:2001, 151-13-09, modifié¢e — Le deuxiéme terme "blindage
(électromagnétique)" a été omis.]

3.3.8

verrouillage

dispositif ou systeme de protection mécanique ou électrique empéchant une action qui peut
présenter un danger

3.3.9

coupe-circuit thermique
protecteur thermique
dispgsitif qui coupe l'alimentation de I’équipement lorsqu’une température prédéterminée est
dépapsée

Note 1 a 'article: Les coupe-circuits thermiques ne sont pas réarmables et sont remplacés archaque foig qu’ils
ont fopctionné; les protecteurs thermiques sont réarmables.

3.3.10
applicateur portatif
dispgsitif facilement déplagable permettant d’appliquer un champ élgétrique ou magnétique ou
un rgyonnement électromagnétique a une charge de travail

EXEMPLE Applicateurs par contact qui sont en contact direct avec la charge de travail a traiter; applicatedrs par
insertijon a insérer dans la charge de travail; applicateurs a bobine éomme les bobines d’induction portatives;
lampep et luminaires irradiant une charge de travail.

Note {1 a I'article: "Facilement déplagable" implique la Iégéreté,

3.3.111
moyens d’accés
toutels les caractéristiques de l'installation-ou-de I'équipement EH ou EPM qui peuventi étre
ouverltes ou retirées et permettent d’accéder-a un danger ou a une zone de danger

Note 1 a I'article: Les moyens d’accés peuvent faire partie intégrante de I'enveloppe, des obstacles du des
portes.

Note 3 & I'article: Les moyens d’accés ‘peuvent étre fixés a I'aide d’'un verrouillage.
3.4 | Concepts relatifs a.la-sécurité

3.41
essaj fonctionnel
manigre d’essayeriles fonctions d’'un systéme sans prendre en compte sa structure intern

[

[SOURCE:; lEC' TR 62059-11:2002, 3.6, modifiée — La note a été supprimée.]

3.4.2
partieactive
conducteur ou partie conductrice destiné a étre sous tension en service normal, y compris le
conducteur de neutre, mais par convention, excepté le conducteur PEN, le conducteur PEM
ou le conducteur PEL

Note 1 a I'article: La notion n’implique pas nécessairement un risque de choc électrique.

[SOURCE: IEC 60050-195:1998, 195-02-19]

3.4.3
partie active dangereuse
partie active qui peut provoquer, dans certaines conditions, un choc électrique nuisible

[SOURCE: IEC 60050-195:1998, 195-06-05]
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3.44
zone de danger haute tension

zone limitée par un espace minimal autour des parties actives dangereuses de I'équipement

haute tension sans protection compléte contre le contact direct

Note 1 a l'article: Pénétrer dans une zone de danger haute tension est considéré comme étant équivalent a

toucher des parties actives dangereuses.

3.4.5
tension de contact effective

tension entre des parties conductrices touchées simultanément par une personne ou un

animal

Note 1 a [larticle: La valeur de la tension de contact effective peut étre sensiblement influencé
'impéfance de la personne ou de I’animal en contact électrique avec ces parties conductrices.

[SOURCE: IEC 60050-195:1998, 195-05-11, modifiée — L’autre terme "tenSion de tol
effective" n’est pas utilisé dans le présent document.]

3.4.6
courpnt de contact
cour{

contact effective est présente et un chemin électrique disponible

3.4.7
couTnt de fuite

cour

chenjin électrique non désiré

3.4.8
chodg électrique induit
effet [physiologique causé par un champ.-électrique induit a I'intérieur du corps humain

e par

cher

nt électrique traversant le corps d’'une personne ou d’'un animal lorsqu’une tension de

nt électrique qui, dans des conditions normales)de fonctionnement, s’écoule a travefs un

Note 1 a l'article: Effet généralement observé dans la région de champ proche d’'un champ électromagnétique;

il ne nécessite pas le contact avec un conducteur. Les effets sont essentiellement les mémes que ceux d’uf
électrigue causé par contact avec un.conducteur, par exemple une brdlure ou une réaction nerveuse.

3.4.9
isolation

matéfiaux isolants nécessaires pour assurer le fonctionnement convenable de I'équipeme
la protection contrelles chocs électriques

Note 1 a l'article:\’isolation fait également référence a I'action d’isolation.

Note 2 a l'article: Dans certaines circonstances, le matériau d’'isolation thermique peut également exéc
fonctign d’isolation électrique.

3.4.19
isolation principale
isolation des parties actives dangereuses qui assure la protection principale

choc

nt et

ter la

Note 1 a I'article: Cette notion n’est pas applicable a I'isolation exclusivement utilisée a des fins fonctionnelles.

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

3.4.11
séparation électrique
séparation galvanique (terme déconseillé)

action ou moyen d’empécher la conduction électrique entre deux circuits électriques prévus

pour échanger de la puissance ou des signaux
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Note 1 a l'article: Une séparation électrique peut étre obtenue, par exemple, au moyen d’un transformateur de
séparation (de circuits) ou d’'un optocoupleur.

[SOURCE: IEC 60050-151:2001, 151-12-26]

3.4.12

émission

<en tant que concept> énergie émise par une source sous la forme d’un champ, de particules,
d’un agent chimique, d’une pression ou d’'un autre agent physique

3.4.13
émi fon

<pouf I'évaluation> énergie détectable émise par et détectable en dehors des limites Ji’une
instdllation ou d'un équipement EH ou EPM en l'absence d’un individu ou d‘uh/animal
perturbant le champ ou I’écoulement de I'énergie

3.4.1
exposition
réception ou absorption par une personne ou un animal de I'énergie émise

Note 1 a l'article: La détermination de I’énergie absorbée peut nécessiter la présence de la personne expogée ou
de I'animal exposé lors de I'émission.

3.4.l|z

émisjsion accessible
nivedqu de rayonnement ou champ déterminé a une distance donnée de l'installation qu de
I'équipement EH ou EPM et accessible dans des conditions de fonctionnement normal ou
en condition de premier défaut

3.41

limite d’émission

émisfsion accessible maximale admise pour une classe de risque particuliére
3.5 | Termes abrégés

EH electroheating (électrothermie)

TBT trés basse tension (au-dessous de 50 V a la fréquence du réseau)
CEM compatibilité électromagnétique

EPM electromagnetic processing of materials (traitement électromagnétique| des

matériaux)
HT hautedension (au-dessus de 1 000 V a la fréquence du réseau)
IR infrared radiation (rayonnement infrarouge)
LED light-emitting diode (diode électroluminescente)
BT basse-tension{plage-entre 50V et 4 000V alafréquenceduréseath
MW microwave (hyperfréquences)
PE protective earthing conductor (conducteur de terre de protection)
PEL protective earthing conductor being a line conductor as well (conducteur de terre de

protection, qui est également un conducteur de ligne)

PEM protective earthing conductor being a mid-point conductor as well (conducteur de
terre de protection, qui est également un conducteur médian)

PEN protective earthing conductor being a neutral conductor as well (conducteur de terre
de protection, qui est également un conducteur neutre)

DAS débit d’absorption spécifique (d’énergie)
uv ultraviolet radiation (rayonnement ultraviolet)
VIS visible radiation (rayonnement visible)


https://iecnorm.com/api/?name=f7278026021e96654bee914b74f18353

-120 -

4 Classification et subdivision des équipements et des installations

4.1

Classification par fréquence de traitement
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Les installations et équipements EH et EPM sont classés en fonction de leur fréquence de
traitement. Le Tableau 1 répertorie les types d’équipements et leurs plages de fréquences
de traitement ainsi que leurs limites de fréquence relatives a la sécurité. Une installation EH
ou EPM peut inclure plusieurs types d’équipements EH ou EPM.

Tableau 1 — Equipements, fréquence de traitement et limites
de fréquence relatives a la sécurité

Type
d’équipement

Plage de fréquences ?
définissant le type
d’équipement

Plage de fréquences

utilisée pour les limites de

sécurité

b

Dangers associés a,la
de fréquences

plage

Courant continu ©
ou chlamp
statignnaire

0 Hz

0 Hz ou pas de changement

de polarité

Choc électrigue,
stimulus'nerveux,
étourdissement

Bass¢ fréquence

>0Hz a<60Hz

':e':g ence du 50 Hz ou 60 Hz
'f‘f:gjt:(fe > 60 Hz a 100 kHz > 60 Hz a 100 kKHz

€hoc électrique,
bralure,

pas de lacher-prise,
stimulus nerveux

Haut¢ fréquence

> 100 kHz &4 0,3 GHz

> 100 kHz*a 6 MHz

Brdlure, échauffement d
parties du corps

>6\WMHz 4 0,3 GHz

Hype[fréquences

> 0,3 GHz a 300 GHz

Echauffement de partied
corps

du

IR:C  3000nma1mm Brélure de la peau et def{la
Infrafouge 780 nma 1 mm IR-B 1400 nma3000nm | Ccornee

IR-A 780 nm a 1400 nm Brdlure de la peau et dejla

cornée,

Visib|e 400 nm a 780 nm bralure de la rétine

UV-A 315 nm a 400 nm

UV-B 280 nm a 315 nm Brdlure de la peau et degla
Ultrayiolet 9 10.nm a 400 nm cornée,

UV-C 100 nm a 280 nm cancer de la peau

EUV 10 nm a 100 nm

. N Brdlure de la peau, de |

Lase 10 nm a 1 mm (> 300 GHz a 30 PHz) cornée et de la rétine
2  Fiéquence. de traitement assignée.
b Lds yaleurs des longueurs d’onde en espace libre correspondantes sont également données dans le fcas du

rayenhement optique.

¢  Type de courant continu — équipement sans changement de polarité prévu, mais comprenant un dispositif de|

marche/arrét.

400 nm est généralement détecté.

La définition du rayonnement UV est conforme a I'lEC 62471:2006; un rayonnement compris entre 380 nm ef]

4.2

Classification par tension

La tension d’alimentation d’une installation ou d’'un équipement est classée en tant que

— trés basse tension (TBT) a une fréquence du réseau inférieure a 50 V (valeur efficace) ou

un courant continu inférieur a 120 V,

— basse tension (BT) a une fréquence du réseau comprise entre 50 V et 1 000 V (valeur

efficace) ou un courant continu compris entre 120 V et 1 500 V, et
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— haute tension (HT) a une fréquence du réseau supérieure a 1 000 V (valeur efficace) ou
un courant continu supérieur a 1 500 V.

NOTE Les définitions de la TBT et de la bande de tension 1, de la BT et de la bande de tension 2 et de la HT et
de la bande de tension 3 sont identiques. Les tensions inférieures a une fréquence du réseau de 25V ou un
courant continu de 60V ne présentent pas de risque pour une personne ordinaire dans la plupart des
circonstances (une exception est possible dans des conditions humides).

Cette distinction doit étre faite pour I'installation et pour les piéces telles que définies en 4.3.1
et

a) en fonction de I'alimentation et de la tension de sortie, la valeur la plus haute étant prise

ﬁf_mmau&mmmmww.res),
ais

ndépendamment de la tension de processus ou de la tension interne de l'installatign ou
e I'équipement.

b)

o

Les différentes pieces d’une installation peuvent étre classées comme TBT, BT-ou HT.

4.3 | Subdivision des installations et des équipements
4.3.1 Subdivision en piéces

Une linstallation EH ou EPM se compose de pieces diverses’ et spécifiques. La Figlre 1
présgnte le schéma de principe d’'une installation de référence’type. Il détermine la limit¢ des
installations et équipements. Toutes les piéces ne sont pas forcément incluses dans tous les
typegq d’installation EH ou EPM.
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Systéme d’évacuation
s ou d’extraction de gaz Y

' Installation EH ou EPM

Poste de commande

portes, verrous

commande de

de l'opérateur moteur
Organes de
Dispositif d’arrét commande et
' capteurs,
d'urgence G
équipement de
mesure

Dispositifs de contréle
de sécurité et
d'avertissement

|
- |
Equipement de traitement I
Autres |
alimentations Appareil de refroidissement Isolation |
- électrique, !
Equipement de blindage et écrans I
Alimentation commande Appareils de électromagnétiques I
en Energie Aufomate ehauftage :
éldctrique programmable o ou
equipement Liaison de I
. fournissant des protection |
'\ Transformateurs, , Ghamps I
. électromagnétiques |
PE semi- Isolation |
/ conducteurs, thermique |
commutateurs
et autres :
Conducteurs ef-cablage 1
Dispositifs de :
protection p Dispositifs entrainés |
rotecteurs, par moteur et
verrouillages, équipement de 1
barriéres, |
|
|
|
|
|
|
|
|
|
|
|
|

Voies de fuite

Le T
corre
autre

Instructions d’utilisation

~ e e e e =\ e e e e e e e e e e e e e e e e e e e e e e e e = - ]

Figure 1 — Schéma de principe d’une installation EH ou EPM type

ableau2 fournit des références aux articles du présent document et d’autres ng
spohdant aux piéces identifiées a la Figure 1. Les exigences relatives a I’équipe
qué I'’équipement de traitement sont couvertes par les normes IEC ou ISO spéc

-
IEC

rmes
ment
fiées

dans le Tableau 2. Les sources fondamentales des dispositions de sécurité concernant
'’équipement électrique des installations et équipements EH ou EPM sont I'|[EC 60204-1

pour la BT et 'lEC 60204-11 pour la HT.

Les exigences de sécurité relatives a I'équipement de traitement proprement dit sont
spécifiqgues en raison de son environnement hors norme et des conditions internes ou a
proximité, dans lesquels

a) des températures extrémes peuvent interagir avec I'équipement,

b) de forts champs électriques, magnétiques ou électromagnétiques peuvent interagir avec

I’équipement, et
c) l'énergie thermique ou

les forces électromagnétiques peuvent menacer

structurelle de I'équipement ou de I'isolation et des moyens de protection.

I'intégrité
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Tableau 2 - Installation EH ou EPM type — Liste des piéces et références

Piéce de I’installation ou de I’équipement —

Voir Figure 1

Condition pour
laquelle la référence

Référence/source des
dispositions

Piéce Composant/élément est valide
Alimentation en énergie électrique IEC 60364-4-41,
IEC 60364-4-42,
IEC 60364-4-44,
Mise a la terre de protection, PE BT, <200 Hz IEC 60364-5-53,
IEC 60364-5-54,
IEC 60445,
Liaison de protection IEC 60664-1
Alimentation en énergie électrique
. . IEC 61936-1,
Mise g la terre de protection, PE HT, <200 Hz IEC 60071-1
Liaisoh de protection
Alimentation en énergie électrique
Mise g la terre de protection, PE toutes autres, < 36 kV | Article'7
Liaisoh de protection
C’ond.Lcteurs et cablage‘da’ms des conditions <40 °C JEC 60228
d’envifonnement normalisé
Condycteurs et cablage exposés a des conditions S 40 °C 6.4 2 et 13.2
d’envifonnement non normalisé o ’
BT, <200 Hz IEC 60204-1
Appareillage de commutation et de HT, <36)kV, <200 Hz | IEC 60204-11
Equipgment | commande >(36 kV, < 200 Hz Exigences particuliéres
de
commpnde > 200 Hz Article 7
Automate programmable IEC 61508-1,
- . - toutes IEC 62061,
Dispositif de protection 1SO 13849-1
<1000V, <200 Hz IEC 60204-1
Poste|de commande d’opérateur
(identique a I'appareillage de commutation et de > 1000V, <200 Hz IEC 60204-11
commpnde)
toutes autres Articles 7 et 8
) . <1000V, <200 Hz IEC 60204-1
Dispositif d’arrét d’'urgence
(identijque a I'appareillage de commutation et de > 1000V, <200 Hz IEC 60204-11
commpnde)
toutes autres ISO 13850
Dispositifs deseontrole de sécurité et <1000V, <200Hz | IEC 60204-1
d’avertissement
(identiques .4 I'appareillage de commutation et de > 1000V, <200 Hz IEC 60204-11
commendse) toutesautres IS643856
Autres fournitures — par exemple fluides, air toutes Article 12;
comprime ISO 13577-3
Carburants liquides ou gazeux toutes ISO 13577-2
Article 12;
Systéme d’extraction de fluides toutes
ISO 13577-1
Evacuation toutes ISO 13577-1
Voies de fuite toutes IEC 60364-4-42
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Piece de I’installa!ion_ ou de I’équipement — Condition pour Référencelsource des
Voir Figure 1 laquelle la référence g e
- — t valide dispositions
Piéce Composant/élément es
. Articles 7, 8, 9, 10;
Equipement électrothermique
Exigences particulieres
Appareils de chauffage non ISO 13577-1
électriques ISO 13577-2
Equipement fournissant des Articles 7, 8, 9, 10;
champs électromagnétiques Exigences particuliéres
Article 10,
Isolation thermique
ISO 13577-1
Isolation électrique Articles 7, 8, 9, 10
Equipgment | Blindage électromagnétique Articles 7, 8, 9, 10
?rziten ent voir .4 IEC 61310-1
Organes de commande et capteurs IEC 61310-2
IEC 61310-3
. IEC 64010-1
Equipement de mesure
Exigences particulieres
Dispositifs entrainés par moteur et
équipement de commande de IEC 60204-1
moteur
ISO 14119
Protecteurs, verrouillages, ISO 14120
barriéres, portes, verrous
Exigences particuliéres
Refroidissement Articles 10 et 12

4.3.2 Hiérarchie et structure des exigences

Les négles suivantes constituent des-lignes directrices particulierement en ce qui concernle les

exiggnces relatives a la sécuritgélectromagnétique, qui comprend le choc électrique, le ghoc

élecfrique induit, les ecourants de contact et dautres effets des champs
élecfromagnétiques.

a) Hour toutes les pigces d'une installation comprises dans le domaine d’application de |'une
des normes répértoriées dans le Tableau 2, la norme citée doit étre utilisée.

b) PHour les équipements ou piéces en dehors du domaine d’application de toutes les nofmes
répertoriées. dans le Tableau 2, les Articles 7 et 8 s’appliquent, c’'est-a-dire pou[ les
épuipements dont les fréquences sont supérieures a 200 Hz ou destinés a une utilisfation
al des'températures supérieures a 40 °C.

c) Ljéquipement dépassant la limite de tension de 36 kV est traité dans les Exiggnces
particulieres.

d) Des recommandations supplémentaires concernant les références indiquées dans le
Tableau 2 sont fournies dans les articles correspondants du présent document.

4.4 Classification des dangers et des risques

4.4.1 Classification des dangers

Les dangers se différencient comme suit:

a)

b)

les dangers dans lesquels les dommages sont immédiats — c’est-a-dire tout accident qui
entraine directement des dommages, et

les dangers dans lesquels les dommages dépendent de I'exposition, de I'accumulation
ou de la dose — par exemple de lintensité, d'une force de champ, d’'une durée
d’exposition.
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, des

EXEMPLE 1 Des dangers immédiats sont par exemple un choc électrique, I'éjection d’objets, I'explosion
dangers mécaniques tels que les coupures ou les chutes, des substances toxiques a des doses potentiellement
mortelles.

EXEMPLE 2 Des dangers liés a I’exposition sont par exemple I'exposition a des rayonnements optiques ou
d’hyperfréquences, I'exposition a des champs électriques ou magnétiques, I'exposition aux sons ou au bruit,

'expo

sition aux rayonnements ionisants ou aux substances toxiques ou radioactives.

NOTE Le contact avec des surfaces ou substances chaudes peut dépendre de la dose a basse température, ou
étre immédiat, par exemple dans le cas d’un contact direct avec des métaux liquides.

Les dangers se différencient selon qu’il s’agit de

d) d

EXEM
rayon

EXEM
ionisa
électri

4.4.2

Un r
égale

de I'¢xpérience ou des informations sur le type de danger, et de facteurs comporteme

tels
catég
des
pote
clas
résid

angers insensibles ou imperceptibles.

ement visible intense, les piéces en déplacement rapide, I'accélération, les vibrations ou'\le bruit.

ques.

Classification des risques

ment de la partie du corps exposée, de la connaissance ou de la sensibilisation a I’%

que l'aversion ou le retrait. Les risques sont _traités sous forme d’un classemen
ories de niveaux de risque, les dangers imperceptibles étant classés comme exig
mesures de protection particulieres. Le constructeur réduit les émissions d’aJ;

tiellement dangereux ou informe l'utilisateur sur les risques résiduels. Un pla
ification guide cette action. Le Tableau’3 récapitule la classification des émis
uelles utilisée dans le présent document.

afives,

PLE 3 Des dangers perceptibles sont, par exemple, la température d’un matériau ou de I’environnemgnt, un

PLE 4 Des dangers insensibles ou imperceptibles sont, par exemple, le rayonnement UV, le rayonnement
ht ou les substances radioactives, les substances toxiques, les hyperfréquences; lesichamps magnétiqlies ou

sque spécifique dépend de I'émission, de la duréeyde l'intensité de I'agent, [mais

gent,
taux
par
eant
ents

n de
ions
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Tableau 3 - Plan de classification de sécurité pour les risques pour ’lhomme

2020

Classe de risque | Restrictions et mesures de protection Information et formation
Pas de restriction ni mesures de . . . .
0 exempt . . . Aucune information nécessaire.
protection nécessaires
Des restrictions telles qu’une limitation
. d’accés ou des mesures de protection Informations sur les dangers, les
1 :('S%Llje peuvent étre indiquées selon le résultat risques et les effets secondaires a
aible d’une appréciation du risque par fournir par le constructeur.
I'utilisateur.
Informations sur les dangers, les
risques et les effets secondaires a
fournir par le constructeur.
2 risque Restrictions spéciales et mesures de o )
modéré protection essentielles Le constructeur doit indiquer &
'utilisateur si une formation
spécifique de 'opérateur-est
nécessaire.
Informations sur les dangers, les
risques et les efféi$\'secondaires a
) . ) o fournir par le constructeur.
3a risque Acces possible avec un équipement de o .
élevé protection individuelle Le constructeur doit indiquer a
I'utilisateur-la formation spécifique
nécessaire de I'opérateur et
I’équigement de protection individuelle
. Informations sur les dangers, les
risque . | ! R
3 leve Aucun accés risques et les effets secondaires a
fournir par le constructeur.

Chag

Les ¢onditions de fonctionnement normal et la condition de premier défaut doiven

prisep en compte.

5

Appréciation du risque

Le présent document est fondé sur I'appréciation du risque fournie dans I’Annexe A.

Cette

appréciation du_risque doit étre étendue et spécifiée en conséquence tout au lon

I’élaljoration des Exjgences particuliéres de I'lEC 60519 (toutes les parties).

Dang
d’ins
origir
cons

es spécifiques,

’Annexe Ay I'appréciation du risque couvre un trés large éventail d’équipemen
allations;\par conséquent, elle est relativement générale et peut ne pas couvrii
des situations ou événements dangereux particuliers,
pquences potentielles avec le niveau de détail jugé nécessaire par le constructeu

ou

ue position spatiale ou zone de danger doit*étre prise en considération individuellement.

étre

g de

ts et
des
des
r. Le

consftruicteur doit donc ajouter a cette appréciation du risque les spécificités de sa solution

technique, comme cela est specifie dans 'S0 12100:20710.

Si le constructeur a l'intention de fabriquer un équipement ou une installation qui n’est pas
entierement couvert(e) par le domaine d’application du présent document et son appréciation
du risque ou si les Exigences particulieres sont obsolétes et ne se référent pas au présent
document ou si aucune Exigence particuliere n’existe, il lui est conseillé de réexaminer
I’appréciation du risque de I’Annexe A. Le présent document facilite alors I'appréciation du
risque et la procédure de réduction du risque telles que spécifiées dans I'ISO 12100:2010.
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6 Dispositions générales

6.1 Considérations de base

6.1.1 L’installation ou I'équipement EH ou EPM doit étre adapté(e) a son utilisation
prévue; il doit étre congu pour étre utilisé, réglé et entretenu sans exposer des personnes a
des risques. La conception et la construction doivent garantir une réduction adaptée des
risques dans des conditions de fonctionnement normal ou en condition de premier
défaut, selon les derniers développements techniques et pendant la durée de vie prévisible
de l'installation ou de I'équipement EH ou EPM.

I'installation EH ou EPM, et qui est prévisible par le constructeur doit étre réduit de_ mapiéere

Toutirisque engendré par la charge de travail, lorsque celle-ci est traitée comme prévu Eans
appr

priée.

6.1.2 L’équipement ou 'installation EH ou EPM doit étre congu pour éyiter ou rédujre la
poss|bilité d’utilisation incorrecte ou de condition de défaut.

6.1.3 L’équipement ou l'installation EH ou EPM ne doit pas ¢résenter de risqugs de
typeq immédiat ou imperceptible, a moins qu’il ne soit impossible\d’atteindre autrement son
but grévu. Dans ces cas, des mesures de protection, des avertissements et des instrudtions
supp|émentaires doivent étre fournis.

6.1.41 Le constructeur doit, dans 'ordre suivant,
é

a) éJiminer les risques pour obtenir une installation{ou“un équipement intrinséquement siir,

b) fournir des mesures de protection pour les risques qui ne sont pas éliminés, et

c) fournir a l'utilisateur toutes les informations nécessaires sur les risques résiduels,
indiquer la formation et I’équipement dexprotection individuelle nécessaires.

6.1.5 Les mesures de protection sognttune combinaison des mesures intégrées au stade de
conception et des mesures indiquées comme devant étre mises en ceuvre par l'utilisateur. Le
consltructeur doit intégrer toutes:les mesures identifiées comme nécessaires selon les
Articles 5 a 17 le cas échéant.

6.1.6 Si un danger spécifique est classé dans la classe de risque 1 ou 2 telle que d¢finie
dans|le Tableau 3 et_ne‘peut étre davantage réduit par le constructeur, ce dernien doit
fournfir des informations/détaillées a I'intention de 'utilisateur, notamment

a) uphe description* graphique ou un plan de l'installation indiquant la position et les limites
des zones-appartenant a la classe de risque 1 ou 2,

b) des infermations sur les dispositifs de signalisation et d’avertissement — voir 19.3,

c) lgsdmarquages et I'avertissement écrit nécessaires — voir 19.4,

d) l'indication des restrictions et des mesures de protection necessaires a prendre par
l'utilisateur — voir 19.5,

e) lindication des informations nécessaires a l'intention des opérateurs — voir 19.5, et
f) l'indication des procédures de travail sGres ou qui réduisent le risque.
6.1.7 Si un danger spécifique est classé dans la classe de risque 3a telle que définie dans

le Tableau 3 et ne peut étre davantage réduit par le constructeur, ce dernier doit fournir des
informations détaillées a I'intention de l'utilisateur, notamment

a) une description graphique ou un plan de l'installation indiquant la position et les limites
des zones appartenant a la classe de risque 3a,

b) des informations sur les dispositifs de signalisation et d’avertissement — voir 19.3,

c) les marquages et I'avertissement écrit nécessaires — voir 19.4,
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d) l'indication des restrictions et des mesures de protection nécessaires a prendre par
I'utilisateur — voir 19.5,

e) lindication des informations nécessaires a l'intention des opérateurs — voir 19.5,

f) lindication de I’équipement de protection individuelle devant étre porté par I'opérateur
lorsqu’il pénetre dans la zone, et

g) l'indication des procédures de travail slres ou qui réduisent le risque.
6.1.8 Si un danger spécifique est classé dans la classe de risque 3 telle que définie dans

le Tableau 3 et ne peut étre davantage réduit par le constructeur, ce dernier doit fournir des
informations détaillées a I'intention de 'utilisateur, notamment

a) ute description graphique ou un plan de l'installation indiquant la position et les.Jimites
des zones appartenant a la classe de risque 3,

b) des informations sur les dispositifs de signalisation et d’avertissement — voir-19.3,
c) lgs marquages et I'avertissement écrit nécessaires — voir 19.4, et
d)

[ndication des informations nécessaires a l'intention des opérateurs — voir 19.5.

6.1.9 Une réduction appropriée du risque ne doit pas étre confondue avec la réductign de
I'exppsition a des niveaux proches des limites d’exposition. UneJréduction approprige du
risque élimine un danger, ou si ce n’est pas possible, réduit I'exposition a la limite technjque.
L’util{sation appropriée des limites d’exposition reléve de la résponsabilité de I'utilisateyr.

6.2 | Dangers significatifs

Les dispositions a prendre pour la protection contre(Jes dangers significatifs identifiés, d¢finis
dans|I’Annexe A, sont spécifiées de I'Article 6 al*Article 17. La vérification de la conformité
aux dispositions du présent document doit étre effectuée selon I'Article 18.

6.3 | Environnement physique et conditions d’exploitation de I'installation en I’étaf et
équipement électrique a I’extérieur de I’équipement de traitement

6.3.1 L'installation ou I'équipement EH ou EPM et son équipement électrique quifsont
situég hors de I’équipement de traitement doivent étre adaptés a I’environnement physique et
aux gonditions d’exploitation de\leur but prévu.

Lorsque des conditions, spéciales s’appliquent ou que les limites spécifiees dans le
présgnt 6.3 sont dépassées, un accord entre le constructeur et |'utilisateur peut| étre
nécegsaire. Le paragraphe 4.1 de I'lEC 60204-1:2016 s’applique aux installations BT et e 4.1
de I'lEC 60204-11%2018 s’applique aux installations HT.

6.3.2 L'installation ou I'équipement EH ou EPM ne doit pas générer de perturbations
électfomagnetiques supérieures aux niveaux appropriés pour son lieu d’utilisation prévu.

6.3.3— tinstattatiomr ou téquipement EHou EPMdoitétre capabte defornctionmeremtoute

sécurité a la température ambiante prévue. L’exigence minimale pour I’ensemble de
I'’équipement électrique est un fonctionnement sir a des températures d’air comprises entre
5°C et40 °C.

6.3.4 L’installation ou 'équipement EH ou EPM doit étre capable de fonctionner en toute
sécurité lorsque I'humidité relative ne dépasse pas 50 % a une température maximale de
40 °C. Une humidité relative plus élevée est admise a des températures plus basses (par
exemple, lorsqu’elle est inférieure a 90 % a 20 °C). L’installation ou I'équipement EH ou
EPM doit étre capable de fonctionner en toute sécurité si de la condensation se forme
occasionnellement ou le constructeur doit éviter la condensation par la conception ou, si
nécessaire, par des mesures supplémentaires (telles que des chauffages intégrés, une
climatisation ou des orifices de purge).
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6.3.5 L’installation ou 'équipement EH ou EPM doit étre capable de fonctionner en toute
sécurité a la pression d’air prévue jusqu’a 1 000 m d’altitude et dans un large éventail de
climats et de conditions atmosphériques. La limite de pression ambiante inférieure doit étre
de 85 % de la pression atmosphérique normale au niveau de la mer, sauf accord contraire
entre le constructeur et l'utilisateur et spécification dans les instructions d’utilisation.

Pour les équipements destinés a étre utilisés a des altitudes plus élevées ou des pressions
d’air inférieures, il est nécessaire de prendre en compte la diminution de la rigidité
diélectrique, la fonctionnalité de coupure des dispositifs et la réduction du pouvoir de
refroidissement de I'air provoquée par une masse volumique réduite.

6.3.6 L’équipement électrique de l'installation ou de 'équipement EH ou EPM doit étre
protégé de maniére appropriée contre la pénétration d’éléments solides et liquides selon|11.3
de I')EC 60204-1:2016 pour I'équipement BT. Il doit étre protégé de maniére “@ppropriée
contre les agents contaminants (par exemple, la poussiére, les acides, les gaz.corrosifs ou
les sels) qui peuvent se trouver dans le lieu physique auquel I’équipement est(destiné.

6.3.7 Lorsque l'installation ou 'équipement EH ou EPM ou des pieces de ceux-ci|sont
expopés au rayonnement (par exemple, hyperfréquences, UV, lasef ou rayons X),[ des
mesUyres supplémentaires doivent étre prises pour éviter uny-dysfonctionnemenf de
I’équlpement, une détérioration accélérée de l'isolation, la _dégradation du métal qu la
corrgsion due aux effets induits du rayonnement.

6.3.8 Les effets indésirables des vibrations, des chocs_et des coups sur 'installatign ou
I'équlipement EH ou EPM (y compris ceux qui proviennéent de I'installation et de son matériel
conngxe, ainsi que ceux qui sont créés par I'environhement physique) doivent étre évitég par
le choix du matériel approprié, en le montant\a ‘distance de I’équipement générant les
vibrations ou les chocs, ou par utilisation de montages antivibrations ou antichocs.

6.3.9 Lorsque l'installation ou I'équipement EH ou EPM ou des piéces de ceux-ci|sont
expopés a un plasma, a des produits chimiques corrosifs ou a d’autres agents nocifs| des
mesyres supplémentaires doivent &tre prises pour éviter un dysfonctionnement,| une
détéiioration accélérée de l'isolation, la dégradation du métal ou la corrosion due aux ¢ffets
induits du rayonnement.

6.4 | Environnement physique et conditions d’exploitation de I’équipement électrique
engendrés par I’exploitation de I’équipement de traitement

6.4.1 L’équipement’électrique de l'installation ou de I'équipement EH ou EPM, placé a
I'intéfieur ou a proximité de I’équipement de traitement, doit étre adapté a I’environngment
physlque et aux-.'conditions d’exploitation de son but prévu. Les conditions physiques
présentes a ('intérieur ou a proximité de I'équipement de traitement couvrent un tres Jarge
évenfail d'enavironnements différents; un accord entre le constructeur et 'utilisateur|peut
étre négcessaire concernant ces conditions.

6.4.2 L’équipement électrique doit étre capable de fonctionner correctement dans des
conditions de fonctionnement normal et en condition de premier défaut

a) aux niveaux de température prévus a lintérieur et a I'extérieur de I'’équipement de
traitement,

b) aux niveaux d’humidité a I'intérieur et a I'’extérieur de I’équipement de traitement (on peut
attendre des niveaux d’humidité extrémes ou une forte condensation ainsi qu’une
immersion totale),

c) aux conditions atmosphériques prévues a l'intérieur et a I'extérieur de I'équipement de
traitement,

d) sous les champs électriques et magnétiques présents a l'intérieur et a I'extérieur de
I’équipement de traitement, et

e) aux différences de pression prévues entre I'extérieur et I'intérieur de I’équipement.
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6.4.3 L’équipement électrique doit étre protégé de maniére appropriée contre la
pénétration d’éléments solides et liquides, en particulier contre les contaminants (tels que la
poussiéere, les acides, les gaz corrosifs ou les sels) qui sont susceptibles d’étre présents a
I'intérieur et a I’extérieur de I'équipement de traitement.

6.4.4 Lorsque I'équipement électrique a l'intérieur de I'équipement de traitement est
exposé aux rayonnements (par exemple hyperfréquences, UV, laser ou rayons X), des
mesures supplémentaires doivent étre prises pour éviter son dysfonctionnement ou la
détérioration accélérée de son isolation causée par les rayonnements.

6.4.5 Les effets indésirables des vibrations, des chocs et des coups générés par
I’équlpement de traitement sur 'installation ou I'équipement EH ou EPM, ainsi que céeux qui
sont [créés par I'environnement physique, doivent étre évités par le choix de I'équipement
élecfrique approprié, en le montant a distance de I’équipement de traitement; oy par
I'utilipation de montages antivibrations.

6.4.6] Lorsque I'équipement électrique a l'intérieur de I'équipement.'de traitemenft est
expopgé a un plasma, a des produits chimiques corrosifs ou a d’autres”agents nocifs| des
mesyres supplémentaires doivent étre prises pour éviter un, 'dysfonctionnemenf de
I’équlpement, une détérioration accélérée de l'isolation, la dégradation du métal qu la
corrgsion due aux effets induits du rayonnement. Cela inclut les\effets d’'un amorgage |d’arc
sous| vide causé par une tension dépassant localement ou temporairement la tension de
clagyage.

NOTE| Une tension de claquage peut se produire sur une plage.de pression trés étendue et chaque fois flue la
tensiop dépasse la tension minimale de claquage de I'atmosphere ja I'intérieur de I'’équipement. Aprés amofgage,
les ar¢s peuvent devenir autoentretenus.

6.5 | Alimentation électrique

6.5.1 L’installation doit étre congue pour<onctionner correctement dans des conditions de
fonctionnement normal avec les caractétistiques du réseau d’alimentation

— tglles que spécifiées ci-dessous,-ou

— tglles que spécifiées autrement par I'utilisateur et visées par le constructeur, ou
— tglles que spécifiées parde.constructeur dans le cas d’'une source d’alimentation spgciale
tglle qu'un générateur embarqué.

Pour|les alimentations™a la fréquence du réseau, les conditions suivantes, conforméme
I'IEC|60204-1:2016{ js’appliquent, sauf en cas d’accord contraire explicite entrg le
consftructeur et /l'utilisateur:

a) tension permanente comprise dans la plage de 90 % a 110 % de la tension nominale;

b) fléquéence continue comprise entre 0,99 et 1,01 de la valeur nominale en régime
perimanent; 0,98 jusqu’a 1,02 sur une courte période (pas d’augmentation de température

Pour les systémes d’alimentation spéciaux tels que les générateurs embarqués, les limites
données peuvent étre dépassées a condition que I'équipement soit congu pour fonctionner
correctement dans ces conditions.

6.5.2 En cas de défaillance ou de panne de l'alimentation électrique, l'installation ou
I’équipement doit

a) passer en mode de fonctionnement sir — il ne doit pas passer en condition de premier
défaut, notamment ne doit pas démarrer de maniére inattendue, ne doit pas étre
empéché de s’arréter si la commande d’arrét a été actionnée, ne doit pas éjecter ou
laisser tomber des piéces ou une charge de travail & moins qu’une protection adaptée ne
soit fournie,
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b)
c)

d)

6.6

6.6.

ne pas perdre le paramétrage de l'appareillage de commutation et de commande ou de
'automate programmable nécessaire a la sécurité du fonctionnement,

étre capable de garder tous les dispositifs de protection entiérement opérationnels ou
leur permettre d’activer une commande d’arrét, et

étre capable de refroidir sans causer de danger; cela peut exiger le fonctionnement
prolongé de I'appareil de refroidissement.

Acces

1 L’installation ou I’équipement EH ou EPM doit permettre un acces sir a toutes les

zones_dans lesquelles une intervention est nécessaire lors de I'exploitation ou de Ia
maintenance. L’équipement doit étre congu et installé de fagon que tous les dispositlfs et
compgosants destinés a étre accessibles, observés ou vus par I'opérateur, soient accesgibles

ou visibles pour 'opérateur.

6.6.

2 Les risques doivent étre réduits en limitant ou en empéchant I'accésga_tout danger ou

a toyte zone de danger. La limitation de l'accés aux surfaces ou aux piéces qui peulivent
causer un danger ou de l'accés donnant sur une zone de dangen/dépend du danger
propfjement dit, de son type (immédiat ou dépendant de I'exposition) et de la force ge la
sour¢e de danger (par exemple, la température d’une surface ouyta tension d’'une partie

active).

6.6.

3 L’installation ou I'équipement EH ou EPM doit fournir une protection contre I’'gccées

accidentel aux parties actives dangereuses ou contre la pénétration accidentelle daps la

Zon

de danger haute tension dans tous les cas ou,il'n’y a pas de barriére ni d’envelgppe,

ou Igrsque la barriére ou I'enveloppe doit étre retirée/pour accéder aux dispositifs exigeant

un fonctionnement manuel ou aux composants exigeant d’étre remplacés.

La vaie d’accés au dispositif et 'espace nécessaire a son fonctionnement doivent prévoif une
protelction contre le contact accidentel avec-'des parties actives dangereuses ou confre la
pénéfration accidentelle dans une zone-de danger haute tension par le maintien d’'une

distahce appropriée.

Des pbstacles protégeant contre-le contact accidentel doivent étre fournis si la voie d’gccés

ou llespace est inférieur ,axta distance appropriée par rapport aux parties actives
dangereuses.
6.6.

I'P2X) de I'lEC 60529, IEC 60529:1989/AMD1:1999 et IEC 60529:1989/AMD2:2013 dep

4 Le niveau dé protection ne doit pas étre inférieur a IPXXB (également satisfaIt par
is la

direction d’apprache de la partie active dangereuse, et ne doit pas étre inférieur a IRXXA
(également _satisfait par [I'IP1X) de [I'IEC 60529, IEC 60529:1989/AMD1:1999 et

IEC 60529:1989/AMD2:2013 depuis les autres directions.

6.7

Aspects ergonomiques

Les contraintes physiques et physiologiques auxquelles I'opérateur est confronté, lors des
conditions de fonctionnement normal et des conditions d’environnement prévues, doivent
étre réduites le plus possible. A cet égard, les principaux objectifs sont les suivants:

éviter une cadence de travail déterminée par l'installation uniquement;

éviter une surveillance de l'installation ou de son unité de commande qui demande une
concentration laborieuse;

permettre la variation de la force, de la constitution ou de la taille physique des différents
opérateurs;

permettre un espace suffisant pour les mouvements de 'opérateur;

adapter l'unité de commande et les autres interfaces a la variation prévisible des
caractéristiques des opérateurs.
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Les dispositions de I'lSO 6385:2016 s’appliquent.

6.8 Transport et stockage

6.8.1 L’installation ou I'équipement EH ou EPM doit étre congu pour résister aux effets
des températures de transport et de stockage comprises entre —25 °C et 55 °C et, pendant de
courtes périodes ne dépassant pas 24 h, atteignant 70 °C. Sinon, des précautions adaptées
doivent étre prises pour protéger I'équipement électrique de tels effets. Des moyens
appropriés doivent étre fournis pour éviter les dommages dus a I’humidité, aux vibrations et
aux chocs.

6.8.2 L’installation ou I'équipement EH ou EPM doit étre congu pour faciliter la vidange
et le|remplissage des fluides de travail, si ces derniers peuvent geler ou endommager‘d’une
autrd maniére I'équipement pendant le stockage ou le transport. Le constructeur| doit
informer l'utilisateur des procédures de vidange et de remplissage de tous_les fluidgs de
travaljil dans les instructions d’utilisation.

NOTE| L’équipement susceptible d’étre endommagé a basse température comprend Jles cables isolés en| PVC,
certaims condensateurs électrolytiques ou équipements utilisant des liquides de refroidissement pouvant gelef.

6.9 | Dispositions en vue de la manutention

6.9.1 L’installation ou I'équipement EH ou EPM doit pouvoir étre manutentionng ou
assemblé en toute sécurité.

6.9.2 Toute partie d’'une installation ou d’'un équipement EH ou EPM qui ne peuf étre
déplgcée a la main doit pouvoir étre soulevée @ Vaide d'un équipement approprig. Le
constructeur doit fournir des instructions de levage ou de manutention, le cas échéant.

6.9.3 Toutes les pieces doivent s’assemibler facilement par le biais de dispositions
appropriées ou d’un engin de levage.

6.10| Consommables et piéces remplagables

Les gonsommables ou les piéces remplagables destinés a étre remplacés par I'opérateur
doivgnt étre intégrés ou montés de fagon que le remplacement soit simple et sdr, |pour
assufer un montage correct et clair et le branchement électrique.

7 PRrotection contre les dangers dus a un choc électrique

71 Généralités

L’Artlcle 7ZS'applique aux installations ou équipements EH ou EPM qui ne sont pas couyverts
par IT domaine d’application de I'lEC 60204-1 ou de I'l[EC 60204-11, c’est-a-dire

a) dépassant une température ambiante de 40 °C, ou
b) dont la fréquence de traitement électrique dépasse 200 Hz.
L’Article 7 ne s’applique ni aux équipements couverts par I'lEC 60204-1 ou I'lEC 60204-11, ni

aux installations ou équipements dont la tension dépasse 36 kV, qui sont couverts par les
Exigences particuliéres.

7.2 Régle de protection fondamentale

7.21 Les parties actives dangereuses ne doivent pas étre accessibles et les parties
conductrices accessibles ne doivent pas étre actives de fagon dangereuse pendant les
conditions de fonctionnement normal ou en condition de premier défaut électrique.
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7.2.2 Pour les installations ou équipements HT, pénétrer dans la zone de danger haute
tension est considéré comme étant équivalent a toucher une partie active dangereuse.

7.2.3 Les parties non accessibles sont des parties actives dangereuses ou des zones de
danger haute tension qui sont hors des limites d’atteinte — c’est-a-dire que le contact est
impossible comme cela est défini dans [I'l[SO 13857:2008 lors des conditions de
fonctionnement normal ou en condition de premier défaut électrique.

7.2.4 La protection dans des conditions de fonctionnement normal est assurée par la
protection principale (voir 7.4), et la protection en condition de premier défaut électrique
est assurée par la protection contre les défauts (voir 7.5). La protection par les dispositions
de protection renforcées telles que définies en 5.4 de I'l|EC 61140:2016 n’est pas suffiiante
pour|des installations ou des équipements couverts par le domaine d’application du présent
document.

7.3 | Dispositions générales

7.3.1 Toutes les parties conductrices qui ne sont pas séparées~des parties actives
dandereuses par au moins une isolation principale doivent étre traitées comme des parties
activles dangereuses. Cela s’applique également aux parties conductrices qui sont séparées
par yne isolation principale, mais sont connectées a des parties)actives dangereuseg par
le bigis de composants, qui ne sont pas congus pour résister a.la méme contrainte électrique
que ¢elle spécifiée pour I'isolation principale.

7.3.2 Les parties conductrices exposées de l'installation ou de I’équipement doiven{ étre
conngctées a une borne de liaison de protection~€ela inclut toutes les parties encluites
seulgment de revétements tels que peinture, vernis, laque et produits similaires. Les parties
condctrices qui peuvent étre touchées, mais sont séparées des parties actives
dandereuses par une séparation de protection; ne sont pas incluses.

7.3.3 Si linstallation ou I'’équipemenii'n’est pas entierement couvert quant aux pl|eces
condlctrices, les régles suivantes s’appliquent aux parties accessibles du matériau isglant.
Dang les cas suivants, les surfaces~accessibles des parties du matériau isolant doiven{ étre
sépafées des parties actives dangereuses:

elles sont congues podr @tre agrippées; ou

s

s| elles sont susceptibles d’entrer en contact avec des surfaces conductrices qui pelivent
d|stribuer un potentiel*dangereux; ou
s
u
s

elles peuvent. entrer en contact significatif (zone supérieure a 50 mm x 50 mm) |avec
he partie duscorps; ou

elles doivent étre utilisées dans des zones ou la pollution est hautement conductric

14

Dang ce cas, elles doivent étre séparées des parties actives dangereuses par

a) uhe-double-iseolationouune-iselatten—renforeéeou
b) une isolation principale et un écran de protection, ou
Cc) une combinaison des deux.

Toutes les autres surfaces accessibles des parties du matériau isolant doivent étre séparées
des parties actives dangereuses par au moins une isolation principale. Pour tous les
équipements destinés a faire partie de l'installation, I'isolation principale doit étre fournie

pendant le montage et l'installation par le constructeur ou l'utilisateur comme cela est
indiqué par le constructeur dans ses informations pour l'utilisation.

Les exigences sont jugées satisfaites si

a) les parties accessibles du matériau isolant fournissent l'isolation exigée et leur
température ne dépasse pas les limites définies dans I'Article 10, et
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b) le tableau de distribution est fabriqué en métal et les axes d’entrainement des boutons
d’interruption, des poignées tournantes ou éléments similaires sont connectés
efficacement au potentiel de terre a toutes les positions.

7.3.4 La conception de l'installation ou de I'équipement doit limiter I'accés aux zones de
danger haute tension. Le besoin d’accés pour exploitation et maintenance par les
opérateurs doit étre pris en compte. Lorsque des distances de sécurité ne peuvent pas étre
établies, un blindage de protection permanent doit étre installé. L’accés par des portes ou des
obstacles doit étre possible uniquement au moyen d’un outil.

Les étiquettes d’avertissement applicables doivent étre affichées sur toutes les portes d’acces,
les protecteurs,fesbarrieres et €treconformes a t94

7.3.5 Si pour des raisons de fonctionnement, il n'est pas possible d’empécher-que les
piecgs BT suivantes soient a la fois accessibles, actives et dangereuses, elles\peuven{ étre
accesgsibles par un opérateur dans des conditions de fonctionnement normal:

a)
b)

@s piéces des lampes et les prises des lampes aprés la suppression des lampes;

¢s pieces destinées a étre remplacées et qui peuvent étre actives’et“dangereuses lofs du
mplacement ou d’une autre action de |'opérateur, maiscseulement si elles |sont
accessibles au moyen d’un outil et comportent un marquage d‘avertissement — voir 19.4.

—

7.4 | Protection principale

7.4.1 Toutes les installations ou tous les équipements-relevant du domaine d’application
du priésent document doivent étre équipés d’une protetCtion principale.

a) Hour les installations ou les équipements BT, en I'absence d'une norme spéc;:t‘ique
répertoriée dans le Tableau 2, toute protection principale doit étre conforme a
'|IEC 60364-4-41:2005 et IEC 60364-4-41.2005/AMD1:2017.

b) Ppur les installations ou les équipements HT, en l'absence d’'une norme spécifique
repertoriée dans le Tableau 2, toute(protection principale doit étre conforme a 7.4.

7.4.2 La protection principale.(Cdoit comprendre une ou plusieurs dispositions| qui
empéchent au moins le contactgvec les parties actives dangereuses dans des conditions
de fgnctionnement normal,

7.4.3 Lorsqu’une isolation principale solide est employée, elle doit empécher le contact
avec|les parties actives*dangereuses.

Dang le cas des-installations et équipements HT, une tension peut étre présente sur la
surface de I'isolation solide et des précautions supplémentaires peuvent étre nécessairep.

Lorsque isolation principale est assurée au moyen de l'air, I'accés aux parties actives
dangereuses ou la pénétration dans une zone de danger haute tension doit étre empéghé(e)
par des obstacles, barriéeres ou enveloppes comme cela est specifié en 7.4.4 et 7.4.5 ou en
les plagant hors de portée conformément a I'ISO 13857:2008.

Lorsqu’'un obstacle conducteur est séparé des parties actives dangereuses par une
isolation principale seulement, il s’agit d’'une piéce conductrice exposée et des mesures de
protection contre les défauts doivent étre appliquées.

7.4.4 Les barrieres ou enveloppes empéchant d’accéder aux parties actives
dangereuses ou d’entrer dans la zone de danger haute tension doivent fournir un niveau de
protection d’au moins IPXXB (également satisfait par I'lP2X) de [I'IEC 60529:1989,
IEC 60529:1989/AMD1:1999 et IEC 60529:1989/AMD2:2013.

Les barriéres ou enveloppes doivent avoir une résistance mécanique, une stabilité et une
durabilité suffisantes pour maintenir le niveau de protection spécifié, en tenant compte de
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toutes les influences présentes provenant de I’environnement et de I'intérieur de I'enveloppe
—I'ISO 14120:2015 doit étre utilisée pour leur conception.

Lorsque la conception ou la construction permet la suppression des barriéres, I'ouverture des
enveloppes ou la suppression des piéces des enveloppes, I'accés aux parties actives
dangereuses ou la pénétration en zone de danger doit seulement étre possible

— au moyen d’une clé ou d’un outil, ou

— apres le sectionnement des parties actives dangereuses du réseau d’alimentation dans
lequel I'enveloppe ne fournirait plus de protection, le rétablissement de I'alimentation ne
devenant possible gu’aprés la remise en place des barriéres ou des piéces d’enveloppes

ol aprés la fermeture des portes, ou

drsqu’une barriére intermédiaire permet de continuer a maintenir le niveau de~proatection
Kige, cette barriére n’étant retirable qu’au moyen d’une clé ou d’un outil, ou

|
o O

ins le cas ou aucun outil ou clé n'est exigé, si un verrouillage, conformémagnt a
SO 14119:2013, mettant immédiatement hors circuit le danger, est installé.

Les barriéres ou les enveloppes doivent étre congues ou fabriquées) en un matérigu ne
pouvBnt pas générer de courants induits dangereux.

7.4.5 Dans le cas des installations et équipements HT, les inégalités importantels de
chanjps électriques a l'intérieur ou le long d’un isolateur«00sd’'une isolation doivent| étre
réduites au niveau de sécurité ou évitées au moyen de mesures de construction ou par le
biais| d’'une répartition des potentiels. Cela doit empécher I'opérateur d’entreprendref une
action dangereuse et le protéger contre les tensions de ‘contact.

NOTE| La répartition des potentiels est généralement utilisée pour les installations électriques dans lesquelles
des cqurants de terre élevés circulent.

7.4.6 A des fréquences dépassant 200 Hz, la répartition des potentiels du circuit doi{ étre
contnblée par les moyens suivants.

a) Si une mise a la terre est nécessaire pour des raisons inhérentes a la conceptign de
I'’Bquipement, aucune piéce_de-construction dans l'installation ne doit étre utiliséq. Un
cpnducteur séparé de faible réactance pour le chemin direct entre le génératelr et
I'Bpplicateur de traitement doit étre fourni a la place.

b) Lp chute de tension _ne doit pas dépasser 5V en valeur efficace sur une disfance
quelconque de l'installation pouvant étre pontée par une personne, si les couran{s du
cpnducteur dépassent 500 A, a moins que l'accés a l'installation ne soit empéché paf des

arriéres ou enveloppes suffisantes (voir 7.4.4).

NOTE| Cette limitation de I'étendue géométrique est due aux ondes électromagnétiques et a leur propagatipn qui
produit une continuité de mise a la terre manquant de fiabilité a des fréquences dépassant environ 100 kHz.

7.5 | Dispositions relatives a la protection en condition de premier défaut électrique

7.51 La protection contre les défauts doit comprendre une ou plusieurs dispositions
indépendantes de celles de la protection principale et complémentaires a celles-ci. Les
différentes dispositions de protection contre les défauts sont spécifiées de 7.5.2 a 7.5.8.

7.5.2 La condition de premier défaut électrique doit étre prise en considération si elle
peut avoir pour résultat

a) qu’une partie active non dangereuse accessible devienne une partie active dangereuse,
ou

b) qu’une partie conductrice accessible qui n’est pas active en conditions de
fonctionnement normal devienne une partie active dangereuse, ou

c) qu’une partie active dangereuse devienne accessible.
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7.5.3 Pour satisfaire a la régle fondamentale de la condition de premier défaut
électrique, la protection contre les défauts doit étre obtenue par une disposition de protection
supplémentaire, indépendante de celle de la protection principale (7.4). La protection de
premier défaut indépendante doit étre fournie

pour les installations ou équipements BT, en 'absence d’une norme spécifique répertoriée
dans le Tableau?2, conformément a [I'IEC 60364-4-41:2005 et IEC 60364-4-
41:2005/AMD1:2017, et

pour les installations ou équipements HT, en I'absence d’une norme spécifique répertoriée
dans le Tableau 2, selon 7.5.

e les

défayts et protection principale) doit étre congue de fagon qu’une défaillance seoit| peu
probable dans les conditions d’environnement spécifié¢es en 6.3 ou 6.4 et dans| des

conditions de fonctionnement normal ou une condition de premier défaut électrique

Les deux dispositions de protection indépendantes ne doivent pas avoir d’influence 'ung sur

'autre.

NOTE| La défaillance simultanée des deux dispositions de protection indépendantes est peu probable e{ n’est
généralement pas prise en considération. La fiabilité repose sur le fait qu’'une des deux dispositions reste effgctive.

7.5.5 Les exigences relatives aux liaisons équipotentiedles“de protection sont définies

en 7.6 et s’appliquent de fagon indépendante.

7.5.6] L’écran de protection doit consister en un écran conducteur placé entre les pdrties
activles dangereuses d’une installation ou d'un<équipement EH ou EPM et la pigce a
protéger. L’écran de protection doit étre connecté. au systéme de liaison équipotentielle de
protection de l'installation ou de I'’équipement;~il doit lui-méme satisfaire aux exiggnces

relatives aux liaisons équipotentielles de protection selon 7.6.

7.5.7 Une séparation simple entre qun circuit et d’autres circuits ou la terre doit| étre
obternue par une isolation principale-intégrale, assignée pour la plus haute tension présente.

Si up composant est connecté éntre les circuits séparés, il doit résister aux contrgintes
électriques spécifiees pour~lisolation pour laquelle il réalise le circuit en pont et son
impéfpance doit limiter le fluX de courant présumé traversant le composant aux valeufs de

courpnt de contact en.état stationnaire indiquées a ’Annexe B.

7.5.8 L'isolation*~complémentaire doit étre dimensionnée pour résister aux meémes

contraintes que-pour 'isolation principale.

7.6

Liaison équipotentielle de protection

7.6.1 Le systeme de liaison équipotentielle de protection doit comprendre l'un| des
élémentis suivanis ou une combinaison appropriee de deux ou plus des elémenis suivanis:

a)
b)
c)
d)
e)

moyens de liaison équipotentielle de protection dans I’équipement;

liaison équipotentielle de protection mise a la terre dans I'installation;

conducteur de terre de protection (PE);

conducteur de terre de protection, qui est également un conducteur neutre (PEN);
écran de protection;

point de terre de la source;

électrode de terre (y compris des électrodes de terre pour la répartition des potentiels);

conducteur de terre.
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Des considérations spécifiques s’appliquent pour les fréquences nettement supérieures a la
fréquence du réseau et sont données dans les Exigences particuliéres.

7.6.2 Toutes les parties des circuits de liaison de protection doivent étre congues de sorte
qu’elles soient capables de résister aux contraintes thermiques et mécaniques les plus
élevées pouvant étre provoquées par des courants de défaut a la terre traversant toute partie
des circuits de liaison de protection.

Toute partie de structure de l'installation ou de I'équipement électrique peut étre utilisée en
tant que partie du circuit de liaison de protection, dans le cas ou un systéme de surveillance
de défaut a la terre est installé.

7.6.3 Le systéme de liaison équipotentielle d’'une installation ou d’un équipement HT doit
étre [connecté a la terre en raison des risques spéciaux qui peuvent étre présents| par
exeniple le danger d’'une tension de contact effective et d'une tension de_pas’ élevées et
celui|de parties conductrices exposées devenant actives a cause d’'une décharge électrique.
L’'imgédance par rapport a la terre de 'agencement de mise a la terre doit &tre assignge de
facon qu’aucune courant de contact dangereuse ne puisse survenir (veir I’Article 18 en lien
avec|I’Annexe B). Les parties conductrices exposées, qui peuvent devenir actives dang des
cond|tions de défaut, doivent étre connectées a I'agencement de mise-a la terre.

effedtive dangereuse dans le cas d’'une défaillance de la protection principale, c’est-a-dine les
parti¢s conductrices exposées et tout écran de protection, doivent étre connectées au
systdme de liaison équipotentielle de protection.

7.6.1 Les parties conductrices accessibles qui peuvent acquérir une tension de contact

7.6.5 Le systéme de liaison équipotentielle. de protection doit étre d’impédance
suffijamment faible pour éviter une différence “de potentiel dangereuse entre les partigs en
cas fe défaillance de l'isolation et, si nécessaire, doit étre utilisé conjointement p un
dispesitif de protection activé par le courant de défaut.

Cela| peut nécessiter de prendre eniconsidération les valeurs d'impédance relatives des
différlents éléments d’'un systéme'de liaison équipotentielle de protection. Il n’est| pas
nécepsaire de prendre en considération la différence de potentiel si I'impédance du dircuit
limitd le courant de contact: d’état stationnaire dans le cas d’'une condition de prgmier
défaut électrique de sorte ‘qu’il ne puisse pas dépasser 3,5 mA en valeur efficace pouf des
fréguences atteignant 100 Hz ou 10 mA pour des applications de courant continu lorsqujelles
sont [mesurées selon/PArticle 18. Dans certains environnements ou situations, par exegmple
des lleux hautement conducteurs ou des zones humides, les valeurs de limitation doivent étre
inférieures.

7.6.6 Toutes les parties de la liaison équipotentielle de protection doivent | étre
dimepsionnees de sorte que les contraintes thermiques et dynamiques susceptibles de se

proddiire- en raison d’un courant de défaut n’altérent pas les caractéristiques du systéme de
Iiaiswmwmw@ﬂw j i i i ’ afaj ’ nt de

I'isolation principale. Certains dommages locaux, qui ne nuisent pas a la sécurité, par
exemple une téle métallique faisant partie d’une enveloppe, peuvent étre acceptés sur le lieu
ou le défaut survient.

7.6.7 Toutes les parties de la liaison équipotentielle de protection doivent étre capables de
résister a toutes les influences internes et externes (y compris mécaniques, thermiques et
corrosives) qui peuvent se produire pendant la durée de vie attendue de l'installation.

Dans le cas ou il est nécessaire de vérifier ou entretenir des piéces réguliérement, le
constructeur doit I'indiquer dans les informations pour I'utilisation.

Les connexions conductrices mobiles, par exemple les charniéres et coulisses, ne doivent
pas étre considérées comme faisant partie d’'un systéme de liaison équipotentielle de
protection, a moins que la conformité aux exigences du 7.6 ne soit maintenue.
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Quand un composant d’une installation ou d’'un équipement est destiné a étre retiré, la liaison
équipotentielle de protection de toute autre partie de l'installation ou de I’équipement ne doit
pas étre interrompue en retirant le composant, a moins de déconnecter d’abord I'alimentation
électrique de I'autre partie.

Aucun élément de la liaison équipotentielle de protection ne doit contenir de dispositif dont on
peut raisonnablement attendre qu’il interrompe la continuité électrique ou introduise une
impédance significative, a I'exception des composants destinés a étre retirés. Cette exigence
peut étre levée seulement temporairement pour vérifier la continuité des conducteurs de
protection ou pour mesurer le courant du conducteur de protection — voir I'Article 18.

7.6.8 Lorsque les éléments de la liaison équipotentielle de protection peuvent| étre
interjompus par le méme coupleur ou dispositif de prise de courant que les conducteurs
d’alimentation concernés, la liaison équipotentielle de protection ne doit pas étre inferrompue
avanf les conducteurs d’alimentation. La liaison équipotentielle de protection doit.étre rétablie
au plus tard au moment de la reconnexion des conducteurs d’alimentation. Ces'éxigencegs ne
s’apfliquent pas lorsque linterruption et la reconnexion sont seulementi/possibles |avec
I’équlpement a I'état hors tension.

7.6.9 Dans les installations et les équipements HT, la liaison équipotentielle de protection
ne dpit pas étre interrompue avant que le contact principal. dit atteint une distance de
sectipnnement qui peut résister a la tension de tenue aux choes.assignée de I'équipement.

7.6.10 Les conducteurs de la liaison équipotentielle de ptotection, qu’ils soient isolés ol nus,
doivgnt étre immédiatement identifiables par leur forme,deur emplacement, le marquage jpu la
coulgur, a I'exception des conducteurs qui ne peuvent'pas étre déconnectés sans destrugtion,
par lexemple dans les connexions enroulées< et cablage similaire dans [I’équipement
électfonique et les pistes sur les cartes de cirguit imprimé. Si l'identification se fait par la
couldur, elle doit étre conforme a I'l|EC 60445:2017.

7.6.11 Dans I’équipement BT, les conducteurs de protection ou la continuité du systéme de
liaisdn de protection doivent étre conformes a 8.2 de I'lEC 60204-1:2016. Cela inclut les
exiggnces relatives a I’exclusion des dispositifs de coupure, des piéces qu’il n'est pas
nécepsaire de connecter et de l'interruption.

Les points de connexion des connecteurs de protection, la liaison de protection dang les
installations comprenantiun courant de fuite de terre qui dépasse 10 mA, et la liaison
fonctjonnelle doivent étrte'conformes a 8.2 et 8.4 de I'lEC 60204-1:2016.

7.6.12 Dans I'équipement BT, les rails de roulement peuvent étre utilisés comme circuit de
retoUr sous réserve que, en cas de défaut, I'impédance de ce circuit soit suffisamment faible
pour [maintenir’ a une valeur ne dépassant pas 25V (valeur efficace) ou 60V (en coprant
contipu) la tension de pas et la tension de contact entre ces rails et le sol voisin.

7.6.13—t=terre;fes conducteurs deprotection, tes gaimes et tes—structures e duoivert pas
étre utilisés comme partie d’un circuit actif, sauf spécification contraire dans les Exigences
particulieres.

7.6.14 La mise a la terre des circuits secondaires doit étre évitée a moins d’améliorer la
sécurité générale de l'installation. Si les circuits secondaires sont raccordés a la terre, ils ne
doivent étre accessibles que si la tension du circuit secondaire est faible au point que les
limites de courant de contact sont satisfaites — voir 7.9 pour de plus amples informations.

7.6.15 Les moyens de connexion, a I'exception des connexions de prise de courant, doivent
étre clairement identifiés soit a I'aide d’un symbole IEC 60417-5019:2006-08 (voir I'’Annexe G),
ou a l'aide des lettres PE, ou par la combinaison des deux couleurs vert et jaune. L’indication
ne doit pas étre apposée ou fixée au moyen de vis, de rondelles ou d’autres pieces
susceptibles d’étre enlevées au moment de la connexion des conducteurs.
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Pour les appareils connectés par cordon, le conducteur de protection du cordon doit, en cas
de défaillance du mécanisme antitraction, étre le dernier conducteur a étre interrompu.

7.6.16 Tous les cables, conduits ou tubes a gaine conductrice traversant les parties d’'une
enveloppe contenant des circuits haute tension dans la bande de tension 3 doivent étre mis a
la terre au point ou ils traversent I'enveloppe.

7.7

Dispositions supplémentaires pour la protection contre les défauts a des
fréquences supérieures a 200 Hz

7.71 La protection contre les défauts doit comprendre une ou plusieurs des dispositions
de 7)7.2 a7.7.5, indépendantes de celles de la protection principale et complémentaifes a

celleg-ci.

7.7.2 Les parties de I'équipement électrique fonctionnant a des fréquences supérieufes a
200 Kz doivent étre capables de fonctionner correctement en ce qui concerne\les effets gur la
peau| et de proximité dans des conditions de fonctionnement normal gt eh condition de

prenjier défaut électrique.

7.7.3 Toute isolation complémentaire doit étre dimensionnée pour résister aux mé¢mes
contrgintes que pour l'isolation principale. En outre, les matériaux isolants doivent avoif des
facteurs de perte diélectrique assez faibles a la température et a la fréquence de
fonctjonnement pour que l'isolation ne soit pas dégradée, par le chauffage diélectriqug des

matériaux.

7.7.

Tous les circuits haute fréquence doivent &tre’séparés par galvanisation du systéme

de terre a la fréquence du réseau. La défaillance:de la séparation électrique entre le dircuit
et le pystéme de terre a la fréquence du réseau*qui peut charger les parties accessibles d’une
tensjon de contact effective dangereuse doit/étre détectée par un dispositif de protegtion
actiohné par la tension de défaut et entrainer une déconnexion et I'absence de courant |dans

les circuits.

Une mise a la terre a haute fréquence peut étre directement connectée au systéme de tdrre a
la frdquence du réseau, si cela réduit les risques associés en comparaison a une séparation

élecfrique; des informations_détaillées sont fournies dans les Exigences particuliéres.

7.7.5 Les conducteurs. séparés a faible résistance qui constituent le trajet de colrant
princjpal depuis la sgurce de fréquence du circuit a I'applicateur de traitement ou élément

similaire doivent respecter les points suivants.

d)

Il doivent)étre capables de résister a toutes les influences internes et extIrnes
otamment mécaniques, thermiques, corrosives, a décharge luminescente) qui pelivent

doivent étre conformes a la tension la plus haute produite en condition de premier
0;- alee ;-‘ S+ re coRtueteurs—Soh aGE€CeSS G“ PDeRaan a “;“‘:“‘ |eur
isolation électrique et leur courant admissible doivent étre tels qu’ils ne surchauffent pas
pendant une condition de premier défaut quelconque prévisible; si des courants
excessifs peuvent survenir pendant une période assez longue en condition de premier
défaut électrique prévisible telle qu’une surchauffe se produit, un dispositif de détection
du courant qui met I'équipement hors tension de fagon permanente avant que les
propriétés du conducteur ne soient compromises doit étre installé.

Ils ne doivent pas étre retirables sans I'aide d’un outil.

Si, pour des raisons de conception d’équipement, il est nécessaire d’inclure une
déconnexion séparable du conducteur du circuit principal a des fins de maintenance, sa
prise de courant doit étre combinée mécaniquement a un circuit de sécurité empéchant la
mise sous tension du circuit principal lors de la déconnexion et on doit intégrer un
dispositif de verrouillage ou similaire dans le systéme de prise de courant, ainsi qu’'une
isolation suffisante sur I'extérieur pour assurer une déconnexion sans danger; ces
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exigences ne s’appliquent pas si la séparation est nécessaire seulement lors de
I'installation et de la mise a I'arrét définitif et n’est alors possible qu’a I'aide d’outils.

e) La connexion du conducteur de circuit séparable doit étre rétablie au plus tard au moment
de la reconnexion des conducteurs d’alimentation; cette exigence ne s’applique pas
lorsque l'interruption et la reconnexion sont possibles seulement avec un équipement a
I’état hors tension.

f) Les connexions électriques du circuit aux extrémités doivent étre séparées et donc ne pas
étre combinées avec une autre connexion électrique ou la liaison équipotentielle de
protection d’'une autre partie de I'installation ou de I'équipement.

7.8 _Courants dans les conducteurs de protection

7.8.1 Des mesures doivent étre prises dans l'installation ou I’équipement pour empicher
des ¢ourants excessifs dans le conducteur de protection qui dégradent la sécurité oy les
conditions de fonctionnement normal de l'installation. La compatibilité doit,\étre asgurée
pour [les courants de toutes les fréquences, fournis a I’équipement et produits (par’lui.

7.8.2 Les limites suivantes sont applicables a I'équipement alimenté” a la fréquende du
réseau:

a) ppur le courant de branchement utilisant un équipement comportant une Jprise
onophasée ou polyphasée et un systeme de socle de 'valeur assignée inférieurle ou
ale a 32 A: moins de 2 mA pour un courant assigné infefieur a 4 A, moins de 5 mA|pour
courant assigné dépassant 10 A et 0,5 mA/A entre ces valeurs;

SGa

b) ppur le matériel d’utilisation de la connexion permanente et le matériel d’utilisation
ationnaire, tous deux sans mesures spéciales)pour le conducteur de protection, pu le
atériel d’utilisation de branchement équipé-d.une prise monophasée ou polyphas¢e et
un systéme de socle, de valeur assignéetsupérieure & 32 A: moins de 3,5 mA pobr un
burant assigné inférieur a 7 A, moins de @0 mA pour un courant assigné dépassant|20 A

0,5 mA/A entre ces valeurs.

DOQOINT c o

Si dgs dispositifs a courant différentielrésiduel sont fournis dans l'installation, le courapt du
condlicteur de protection doit étre compatible avec les mesures de protection fournies.

Dang des conditions de fonctionnement normal, I’équipement a la fréquence du résegu ne
doit pas générer de courant avec une composante de courant continu dans le conducteur de
protelction qui nuirait au bon fonctionnement des dispositifs a courant différentiel résiduel{ou a
d’autfes équipements,<a@* moins de choisir un dispositif & courant différentiel résiduel
permiettant un courant.continu dans le circuit réseau.

7.8.3 Pour le matériel d’utilisation destiné a une connexion permanente et présentant un
courgnt de conducteur de protection supérieur a 10 mA, une connexion slre et fiable|a la
terre] tellesque décrite dans I'l[EC 60364-5-54:2011, doit étre fournie.

7.9 [ Courant de contact et tension de contact effective

7.91 Les courants de contact causant des blessures doivent étre évités. Aucune piéce
ou surface susceptible de causer une blessure en cas de contact ne doit étre accessible. Les
limites des courants de contact maximaux admissibles en fonction de la fréquence du
champ de génération sont fournies dans I’Annexe B avec les classes de risque applicables.

7.9.2 Si des courants de contact sont perceptibles soit dans des conditions de
fonctionnement normal ou en condition de premier défaut électrique, le constructeur
doit I'indiquer a l'utilisateur dans les instructions d’utilisation.

7.9.3 Dans le cas ou il est nécessaire de toucher des piéces susceptibles de causer des
courants de contact non nuisibles dans les conditions de fonctionnement normal, le
constructeur doit
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