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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 fe
all national electrotechnical committees (IEC National Committees) The b
international co-operation on all questions concerning standardization in the €
this end and in addition to other activities, IEC publishes International $t
Technical Reports, Publicly Available Spe0|f|cat|ons (PAS) and Guides

gr standga |zat Qn comprising

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical
consensus of opinion on the relevant subj
interested IEC National Committees.

3) IEC Publications have the form of recomme
Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote international unj

the latter.

5) IEC itself does
assessment sery
services carried 0

6) All users should en
7) No liability shall attac

8) Attention™ )
indispensablefor the

orrect application of this publication.

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

International Standard IEC 60519-1 has been prepared by IEC technical committee 27:
Industrial electroheating and electromagnetic processing.

This fifth edition cancels and replaces the fourth edition published in 2010. This edition
constitutes a technical revision.

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

a) The title and scope of the standard has been expanded to include installations and
equipment for electromagnetic processing of materials.

b) Terms and definitions as well as the list of normative references have been updated and
completed with new items.

c) The requirements have been restructured. Documents
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d) Additional requirements for electric and magnetic fields, for touch currents as well as for
optical radiation have been added.

e) New clauses addressing verification have been added.

f) New annexes specifying limits of exposure hazards for electric and magnetic fields, optical
radiation, noise and vibration have been added.

g) New annexes on EMC, markings and warnings, guidelines for using this standard and
information on the connection to ISO 13577-1 have been added.

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

FDIS Report on voting
27/947/FDIS 27/951/RVD
Full information on the voting for the approval of this standard cark be\fo in t eport on

voting indicated in the above table.

— NOTES: in smaller roma

— terms used tk gha

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

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful
understanding of its contents. Users should therefore print thi t using a
colour printer.

W
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INTRODUCTION

This fifth edition of IEC 60519-1 is a product safety publication and is intended to:

— include all types of installations or equipment that are in the scope of IEC TC 27 dealing
with industrial electroheating (EH) and electromagnetic processing of materials
(EPM);

— cover in these General Requirements all hazards that are relevant for more than one type
of equipment or installation individually dealt with in Particular Requirements;

— give requirements on electrical safety, touch currents, electric fields, magnetic fields and
radiation, thus mirroring the broad scope of installations covered and their processing
frequency;

— give means for verification of the requirements;
— make extensive use of the standards developed by IEC co

— include all material, references and requiremen
significant hazards.

— development of the
— shared definition of
— the scope ofd
individual sales ¢
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SAFETY IN INSTALLATIONS FOR ELECTROHEATING
AND ELECTROMAGNETIC PROCESSING -

Part 1: General requirements

1 Scope and object

1.1 Scope

This part of IEC 60519 specifies general safety requirements for |ntr|al installations or
equipment intended for electroheating (EH) and electroheati . treatment
technologies as well as for electromagnetic processing of materié

he joint application of the General Requirements specified in this
equirements covering specific types of installations or equipment
(quidelines are i in Annex G). If no Particular Requirement is covering a specific
installation or equipment, the General Requirements are applicable as such.

This standard does not apply to equipment and appliances within the scope of:
— |EC 60079 series — i.e. equipment or installations intended for use in potentially explosive
atmospheres;

— |IEC 60335 series, — i.e. household, commercial and similar electrical appliances, including
room heating;

— |IEC 60601 series — i.e. medical electrical equipment,
— |IEC 60974 series — i.e. arc welding equipment,
— IEC 61010 series — i.e. equipment for laboratory use.

1.2 Object

The requirements refer to the complete life cycle of the installation or equipment frogm desiﬁq
through commissioning, operation, maintenance, inspection, to decommissioning. 5\0,‘-‘(” ents
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the safety of persons and protection of the environment during normal operation and under
single-fault condition.

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

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

This standard is not providing requirements for type testing.

NOTE Industrial equipment covered by this standard is typically produced as a single yn
of units.

ery small number

2 Normative references

are indispensable for its application. For dated reference
undated references, the Ilatest edition of the
amendments) applies.

IEC 60071-1, Insulation co-ordination

IEC 60204-1:2005, Safety of machinery
requirements
IEC 60204-1:2005/AMD1:2008

Requirements for HV
exceeding 36 kV

IEC 60228, Cond;t

requirement
IEC 603355-1%
requirements for refrigerating appliances, ice-cream appliances and ice makers

IEC 60335-2-89, Household and similar electrical appliances — Safety — Part 2-89: Particular
requirements for commercial refrigerating appliances with an incorporated or remote
refrigerant unit or compressor

IEC 60364-1:2005, Low-voltage electrical installations — Part 1: Fundamental principles,
assessment of general characteristics, definitions

IEC 60364-4-41, Low-voltage electrical installations — Part 4-41: Protection for safety —
Protection against electric shock

IEC 60364-4-42, Low-voltage electrical installations — Part 4-42: Protection for safety —
Protection against thermal effects

IEC 60364-4-44, Low-voltage electrical installations — Part 4-44: Protection for safety —
Protection against voltage disturbances and electromagnetic disturbances Documents
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IEC 60364-5-53, Electrical installations of buildings — Part 5-53: Selection and erection of
electrical equipment — Isolation, switching and control

IEC 60364-5-54, Low-voltage electrical installations — Part 5-54: Selection and erection of
electrical equipment — Earthing arrangements and protective conductors

IEC 60398:—1, Installations for electroheating and electromagnetic processing — General
performance test methods

IEC 60417, Graphical symbols for use on equipment (available from: http://www.graphical-
symbols.info/equipment)

IEC 60445, Basic and safety principles for man-machine intesfa warking and

identification — Identification of equipment terminals, conductor termina
IEC 60529, Degrees of protection provided by enclosures (IP Cqg

IEC 60664-1, Insulation coordination for equipment with# N s — Part 1:
Principles, requirements and tests

IEC 60825-1, Safety of laser products — Part 1: Equip and requirements

IEC 60865-1, Short-circuit currents /~ Part 1: Definitions and

calculation methods

IEC 60909-0, Short-circuit currents in three-pha systems — Part 0: Calculation of
currents Q

IEC 60990:1999, Methpds okme of touch current and protective conductor current
IEC 61000-3-3, ro : atibility (EMC) — Part 3-3: Limits — Limitation of voltage
changes, voltageNuctuat| ickelNin public low-voltage supply systems, for equipment
with rated current 594 : ot subject to conditional connection

IECTS 61000 agnetic compatibility (EMC) — Part 3-5: Limits — Limitation of
voltage fluctb low-voltage power supply systems for equipment with rated
current gre

emission limits the connection of distorting installations to MV, HV and EHV power
systems

IEC 61000-3-11, Electromagnetic compatibility (EMC) — Part 3-11: Limits — Limitation of
voltage changes, voltage fluctuations and flicker in public low-voltage supply systems —
Equipment with rated current <75 A and subject to conditional connection

IEC 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards -
Immunity for industrial environments

IEC 61000-6-4, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards -
Emission standard for industrial environments

1 To be published.
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IEC 61010-1:2010, Safety requirements for electrical equipment for measurement, control,
and laboratory use — Part 1: General requirements

IEC 61082-1, Preparation of documents used in electrotechnology — Part 1: Rules
IEC 61310 (all parts), Safety of machinery — Indication, marking and actuation

IEC 61326-3-1, Electrical equipment for measurement, control and laboratory use — EMC
requirements — Part 3-1: Immunity requirements for safety-related systems and for equipment
intended to perform safety-related functions (functional safety) — General industrial
applications

IEC 61508 (all parts), Functional safety of electrical/electronic/prog ble electronic

safety-related systems

IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Spe

programmable electro

IEC 62471:2006, @

and group safety publications

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

ISO 3746, Acoustics — Determination of sound power levels and sound energy levels of noise
sources using sound pressure — Survey method using an enveloping measurement surface
over a reflecting plane

ISO 3864-1, Graphical symbols — Safety colours and safety signs — Part 1: Design principles
for safety signs and safety markings

ISO 6385, Ergonomic principles in the design of work systems

2 To be published.
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ISO 7000, Graphical symbols for use on equipment — Registered symbols

ISO 12100:2010, Safety of machinery — General principles for design — Risk assessment and
risk reduction

ISO 13577-1, Industrial furnaces and associated processing equipment — Safety — Part 1:
General requirements

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

ISO 13732-1, Ergonomics of the thermal environment — Methods for the a ment of human
responses to contact with surfaces — Part 1: Hot surfaces

ISO 13849 (all parts), Safety of machinery — Safety-related parts of te

upper and lower limbs

ISO 14119, Safety of machinery —
design and selection

ISO 14120, Safety of
construction of fixed ans

NOTE General definitions are given in IEC 60050, the International Electrotechnical Vocabulary. Terms relating to
industrial electroheating are defined in IEC 60050-841.

31 General concepts

3.1.1

electroheating

EH

DEPRECATED: electroheat

conversion of electric energy into thermal energy for useful purposes

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

[SOURCE: IEC 60050-841:2004, 841-21-22, modified — electroheating is the preferred term
instead of electroheat, new synonym EH has been added and the definition has been
shortened.]
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3.1.2
electromagnetic processing of materials
EPM

interaction between electromagnetic energy or forces and materials for useful purposes

Note 1 to entry: The EPM can or cannot include heating.

Note 2 to entry: This note applies to the French language only.

3.1.3

electromagnetic field

EMF

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

Note 1 to entry: In the context of this standard, EMF is caused by a source being pé@ installation or

equipment.

Note 2 to entry: This note applies to the French language only.

3.1.4
electromagnetic radiation
propagating electromagnetic field transporting energy

EXAMPLE Microwave radiation or optical radiation (infrared, vis

3.1.5
electromagnetic nearfield
non-propagating electromagnetic field

3.1.6

manufacturer
producer of the EH or
standard

Note 1 to entry: 4@
agent.

on responsible for compliance with this

is standard can also be a supplier, distributer, importer or

ye” user, the manufacturer is a party responsible for the design,

manufacture, supply and &o equipment or installation.

3.1.7

user

party respon .\ the\ operation and maintenance of the EH or EPM equipment or
installation nto service to de-commissioning

3.1.8

skilled person

person with suitable education, knowledge and experience to perceive risks and to avoid
hazards which can be relevant for the type of installation or equipment, including supervision
of the instructed persons

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

3.1.10

operator

skilled person or instructed person performing one or more tasks during operation,
adjustment, maintenance, repair or disassembly of an installation or equipment
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3.1.11

ordinary person

person not able 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.
3.2 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, ing instruments,
protective devices and wiring systems

[SOURCE: IEC 60050-826:2004, 826-16-01, modified — The word }
of "electric"; the definition has been editorially improved.]

instead

3.2.2

electroheating equipment

EH equipment

DEPRECATED: electroheat equipment

[SOURCE: IEC 60050-841:2004, 841-22~C ifi roheating equipment is the
preferred term instead of electroheat equi i its’ synonym, new synonym EH

3.2.3
equipment for electromag
EPM equipment
equipment in which €

eIectromagneti@ :

3.24

preferred term instéad of electroheat installation becoming its synonym, and a new synonym,
EH installation, has been added.]

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

3.2.6

normal operation

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

3.2.7
workload

object or material being processed Documents
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Note 1 to entry: The term "load" has a different meaning. Load is used and defined accordingly in some Particular
Requirements.

3.3 Parts and accessories

3.31
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
window
part of an enclosure that allows passage of some kind of radiation

3.3.3

barrier
protective barrier
physical object limiting access to equipment or the enclosure\of tha
only be removed with the use of a tool or is interlocked

, which can

Note 1 to entry: A barrier can be physically separated from the/equipmenty buths_a partof the installation.

3.34
guard
barrier that is a part of the equipment

3.3.5

obstacle
item impeding access,wh
without a tool or key

3.3.6
protective devi@
device other than & g2

EXAMPLE Two-hand

ynintentional removal but is removable

3.3.7

screen
shield, en
device intende
into a given region

sducé the penetration of an electric, magnetic or electromagnetic field

[SOURCE: IEC 60050-151:2001, 151-13-09]

3.3.8

interlock

mechanical or electrical protective device or system that prevents an action which can
create a hazard

3.3.9

thermal cut-out

temperature protector

device switching off the equipment when the pre-determined temperature is exceeded

Note 1 to entry: Thermal cut-outs are resettable; temperature protectors are not resettable and are replaced each
time they have operated.
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3.3.10

photocoupler

optocoupler

optoelectronic device designed for the transfer of electrical signals by utilizing optical
radiation to provide coupling while the output is isolated from the input

Note 1 to entry: This device can provide immunity against electromagnetic influences as well as independence of
the distance of two voltage system levels.

[SOURCE: IEC 60050-521:2002, 521-04-45, modified — The note has been added.]

3.4 Safety related concepts

3.4.1

live part
conductor or conductive part intended to be energized in normg
neutral conductor, but by convention not a PEN conductor o
conductor

Note 1 to entry: This concept does not necessarily imply a risk of elec

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

3.4.2
hazardous-live part

live part which, under certain condition gtric shock

[SOURCE: IEC 60050-195:1998, 195-Q

3.4.3
high-voltage hazard
HV hazard zone

area limited by the
equipment witho

Note 1 to entry: Ente
parts.

3.4.4
touch voltage
voltage be

Note 1 to entry: The
person or the animal in&

o of the effective touch voltage may be appreciably influenced by the impedance of the
gctric contact with these conductive parts.

[SOURCE: IEC 60050-195:1998, 195-05-11]

3.45

leakage current

DEPRECATED: earth current

electric current in an unwanted conductive path under normal operating conditions

3.4.6
induced electric shock
physiological effect caused by an induced electric field inside the human body

Note 1 to entry: The electric field is usually induced by an electromagnetic nearfield and does not necessitate
contact to a conductor.
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Note 2 to entry: The effects of induced electric shock are essentially the same as those of electric shock caused
through contact to a conductor, for example burn or nerve reaction. Conditions for ventricular fibrillation are in
practice excluded.

3.4.7

emergency switching-off

operation intended to switch-off any electric power from an electrical installation to avert or
alleviate a hazardous situation

Note 1 to entry: Some power can remain in function if that provides a less hazardous outcome than a complete
switching-off.

[SOURCE: IEC 60050-826:2004, 826-17-03, modified — The words "opening operation of a
switching device intended to remove electric power" have been repl by "operation
intended to switch off any electric power" and a note has been added.]

3.4.8

insulation
insulating materials ensuring proper operation of the equip 9 ion against
electric shock

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

Note 2 to entry: Under certain circumstances, thermal insulat perform the function of the

electrical insulation.

3.4.9
basic insulation
insulation of hazardous-live-parts whic

3.4.10
galvanic separation
prevention of electrj

and/or signals

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 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 Documents
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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 Classification and sub-division

4.1 Classification by process frequency

equency of the
equipment
imits. An

EH and EPM equipment is classified by its process frequency, i.e. t

Frequency ? range Frequency range ® \yhzards associated
Equipment type | defining equipment used for safety with the frequency
type limits range
direct current © electric shock
or stationary 0 Hz no hang inar|ty | stimul ’
field neural stimulus
low frequency >0 Hz to <60
lectric shock,
mains frequency 50 Hz or GQ(HZ . 0,1 Hz to 200 Hz gueri,nc shoe
] 0 AKt 00 hz\ not let-go,
medium 60 Hz t 10 H §Q ° neural stimulus
frequency 20020 100 kHz

>100 kHz to burn, bodypart heating

NOONMHZ

high frequency 0,3 GHz

>100 kHz toM0,
\\6Nzt 0,3 GHz

bodypart heating

microwave B{{S b}lz to 300 GHz

\Mm to 3 000 nm

4000 nm to 1 400 nm

burn of skin and
cornea

0 GHgz to
00N Hz)

infrared

<\ mmto R80 n

1400 nm to 780 nm burn of skin and

cornea, retina

visible (\ \&\}O THz to 790 THz), 780 nm to 380 nm

not applicable

burn of skin and

%O THz to 30 PHz), 380 nm to 10 nm

ultraviolet cornea,
skin cancer
laser (>300 GHz to 30 PHz), 1 mm to 10 nm burn of skin and

cornea, retina

28 Rated process frequency.

b Values of the corresponding free space wavelengths are also given in case of optical radiation.

¢ Direct current type — equipment with no intended change of polarity, but including switch-on and switch-off.

4.2 Classification by voltage

Throughout all electrical equipment for industrial applications a division between

— extra low voltage (ELV) and low voltage (LV) is made at 50 V (rms) at mains frequency or
120 V direct current.

— low voltage (LV) and high voltage (HV) is made at 1 000 V (rms) at mains frequency or
1 500 V direct current.

Full document details: IEC 60519-12015
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NOTE The definitions of ELV and voltage band 1, LV and voltage band 2 and HV and voltage band 3 are
identical. Voltages below 25 V mains frequency or 60 V direct current are seen as without risk for any ordinary
person.

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 may be higher);

b) independently of the process voltage or internal voltage of the installation or equipment.

Different parts of one installation may be classified as ELV, LV or HV.

4.3 Sub-division of installation and equipment

4.31 Subdivision into parts

EH or EPM installations consist of diverse and specific parts. Figlrs
diagram of a typical installation for reference; it determines the houxdaxy
equipment, not all parts are found in every kind of EH or EPM iistablatio

O
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exhaust or gas
extraction system

L
Other [-processing-eqdipment-——.
supplies coolmg equment _ electrical -::
insulation,  [-]}}
""" - electromagnetic 17!
Electric : control eqmpment 1 shielding and i
: i t | 1!
energy programmable eqmg:nen | screens H
controller equipment S S S |
a . A
providing - tective X
..... \ ondin 7!
transformers electro- DS \g_ >
semi- ma.gnetl 4 ]
conductors field <\\ml -1
switches N (sthiation i
and similar - - - o - \*i XS N======= —_1i
ByH
copiductors.and. cabling -
protective RRTEY, o Vo il Ay oy Ny oy B oy :—:g:
devices L uil@s, - motor operated [-]i!
rlocks, || devicesand |
................................. bar . : motor Contro| _:- :
operator contr doors, locks [ equipment  [-]!
station | TR > |[HEmm—————— 15
— -~ = - == == =l
IRERRF.ARNERP R YRR :_:_:_:_:_:_:_:_:_ actuators and :_:I
____________________ sensors, -4
e measuring 1)
_______________________ equipment BH
__________ -
R I IR o
——————————————————————— |
_______________________ i

igureM — Block diagram of a typical EH or EPM installation

Table 2 provides references to clauses of this standard or to other standards relevant to the
parts identified in the above Figure 1.The requirements for electrical 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 are
IEC 60204-1:2005 and IEC 60204-1:2005/AMD1:2008 for LV and IEC 60204-11:2000 for HV.

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

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

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

Part Component / item

reference is valid

Reference / source of
provisions

electric energy supply

protective earth, PE

IEC 60364-4-41,
IEC 60364-4-42,
IEC 60364-4-44,

protective bonding LV, <200 Hz :Eg ggggjzg:gi
conductors and cabling at standard environment :Eg 28222_1
electric energy supply
protective earth, PE

HV, <200 Hz

protective bonding

conductors and cabling at standard environment

electric energy supply

protective earth, PE

all other, < 36\kV

protective bonding

A\

conductors and cabling at standard environment /@NC N\ MZZS
conFiuctors and cabling exposed to non-standard < 0 °C 642 13.3
environment \ A ’
'\ > LV,(S 2({0)41‘\) IEC 60204-1
HW < 36 kY, < 2}’0 Hz IEC 60204-11

switchgear and contragear

control equipment

ot tlve de(nc\

> 36NV, <200 Hz Particular Requirements
(\ >,200 Hz Clause 7
p grah\Q\ e co er _) IEC 61508 series,
é {\N\\ all IEC 62061,

ISO 13849 series

operator control sta
(same as switchgear

LR

<1000V, <200 Hz

IEC 60204-1

>1 000V, <200 Hz

IEC 60204-11

all other

Clause 7 and 8

\\/ <1000V, <200 Hz IEC 60204-1
?Sgﬂgeanscgia%wg 9 > 1000V, < 200 Hz IEC 60204-11
all other ISO 13850
<1000V, <200 Hz IEC 60204-1
> 1000V, <200 Hz IEC 60204-11
all other ISO 13850
other supplies — e.qg. fluids, fuel, compressed air all Clause 12
gaseous or liquid fuels all 1ISO 13577-2
fluid extraction system all Clause 12
exhaust all ISO 13577-1
escape routes all IEC 60364-4-42
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Part of installation or equipment — see Figure 1 Condition for which the Reference / source of
Part Component / item reference is valid provisions
electrical heating
equipment, usually Clauses 7, 8, 9, 10
electroheating Particular Requirements
equipment
non-electric heating 1ISO 13577-1
equipment 1ISO 13577-2
equipment providing Clause 7, 8, 9, 10
electromagnetic fields Particular Requirements
thermal insulation Clause 10
ISO/J3\577-1
electrical insulation C(auses Z\8, 9, 10

processing equipment Clau%%(

61\\*\@

010-
\P t|cu| quirements
motor operated devices

see 6.4

and motor control \@204-1

equipment

guards, interlocks, /fSO 14119

barriers, doors, locks 1ISO 14120

Particular Requirements
cooling Clauses 10 and 12
w

with respect to the requirements on
shock, induced electric shock, touch

electromagnetic shielding

actuators and sensors

measuring equipment

The following rules
electromagnetic safet

currents and othereffects
a) For all parts ;;a i i all under the scope of one of the standards listed in
Table 2 that starid R

b) For equipmeint ox P ide the scope of any of the standards listed in Table 2,

c) Equigme i limit of 36 kV is dealt with in the Particular

4.4 Classificati
4.4.1 Classification of hazards
Hazards are differentiated according to the following criteria:

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

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

Examples of immediate hazards are electric shock, the ejection of objects, explosion,
mechanical hazards like cutting or falling, toxic substances of potentially lethal dose.

Examples of 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.
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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.

Examples of sensed hazards are temperature of material or of environment, intense visible
radiation, fast moving parts, acceleration, vibration or noise.

Examples of non-sensed or non-perceivable hazards are UV radiation, ionjsing radiation or

radioactive substances, toxic substances, microwave, magnetic or electrig

4.4.2 Classification of risks

Risks depending on exposure level, duration, intensity of the agé A g on the
exposed bodypart, awareness or sensing of the agent, exper i about the
type of hazard, and behavioural factors such as aversion gr withdrawal are\treated through a
level categorisation of the risk, with non-perceivable h i egorised as requiring

particular protective measures. Table 3 summarises this as

Table 3 — Safety <:Iassificati}|§k> fo[\ﬁxp sure risks

Risk Group Restrictions and p te&ix\xqeasﬁ{es \ Iﬂformation and training

0 exempt No restriction No information needed
Restrictions like limi atlo acce formation about hazards, risks and
1 low risk prote ive measures Ynay k |cat secondary effects to be provided by
depé&nding on/the u of the manufacturer
asse men

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

If specific training of the operator is
deemed necessary by the
manufacturer, he shall indicate this.

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

r hazard zone shall be considered individually. Normal operation and
single-fault condition’shall be taken into account. Annex B and Annex C provide examples of
risk group classifications.

4.4.3 Limits
Limits for significant hazards dealt with in this standard concern the following:
— electric, magnetic and electromagnetic fields including touch currents — information on

hazards and applicable limits is provided in Annex B,

— optical radiation in the infrared, visible and ultraviolet — information on internationally
recognised limits is provided in Annex C;

— acoustic fields — information on limits is provided in Annex D;

— hot ambient environment and objects — limits are given in ISO 13732-1, which corresponds
to IEC Guide 117 (see also Clause 10).

Full document details: IEC 60519-12015
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It is in the responsibility of the manufacturer or user, as relevant, to take into account limit
values specified by national regulations, if such exist. If not, the limits defined in this standard
can be used.

5 Risk assessment

The risks associated with hazards relevant to the installation shall be assessed. This
determines the adequate reduction of identified risks and the necessary protective measures,
while still maintaining an appropriate performance of the installation.

This standard, in combination with the applicable Particular Requirements, assists the
manufacturer during the process of risk assessment and risk reductiom~\This standard
addresses the hazards specific and typical for EH and EPM installatio
list of significant hazards considered in this standard.

Implementation and methods of risk assessment and risk reducti ified\in IO 12100
and apply.

6 General provisions

6.1 Basic considerations

6.1.1 Any EH or EPM installatior or &g
shall be designed to be operated, ad;j
during normal operation or single-fault
adequate reduction of the risks at th
installation or equipment.

6.1.2 Any E
the possibility of agy prist

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

b) provide protective measures for those risks that are not eliminated,

c) provide all necessary information to the user about residual risks, indicate necessary
training and personal protective equipment.

Even though an inherently safe design seems out of reach for most EH or EPM installations
or equipment, the manufacturer shall attempt to achieve this where possible.

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 according to Clauses 5 through 17 when
applicable.

6.1.6 If a specific hazard is in risk group 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
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a) a graphical description or plan of the installation indicating the position and extent of
areas belonging to zones with risk group 1 or 2;

b) information on signalling and warning devices — see 19.3;
c) necessary marking and 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 working procedures that are safe or reduce the risk.
6.1.7 If a specific hazard is in risk group 3 as defined in Table 3 and cannot be reduced

further by the manufacturer, the manufacturer shall provide detailed infopmation for the user
including

a) a graphical description or plan of the installation indicating thé extent of

areas belonging to zones with risk group 3;
b) information on signalling and warning devices — see 19.3;
c) necessary marking and warning — see 19.4;
d) indication of the necessary information for the opera

6.1.8 Adequate risk reduction shall not be confuse i gction of exposure to
levels near exposure limits. Adequate risk redyctior s a hazard, or if this is
impossible, reduces exposure to the teChqi
the responsibility of the user.

6.2 Significant hazards

this standard.

Verification of
Clause 18.

6.3 Physic

6.3.1 .
processing equrmMe

3 shal} 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. In this case, 4.1 and Annex B of
IEC 60204-1:2005 and IEC 60204-1:2005/AMD1:2008 are applicable for LV installations and
4.1 and Annex B of IEC 60204-11:2000 are applicable for HV installations.

6.3.2 The installation shall not generate electromagnetic disturbances above levels that
are appropriate for its intended operating environment. In addition, the equipment shall have a
level of immunity to electromagnetic disturbances so that it can operate in its intended
environment. Requirements are identified in Annex E.

6.3.3 The installation 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.

6.3.4 The installation 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 Fﬂﬁﬁ)ﬁﬁjents
lower temperatures (e.g. less than 90 % at 20 °C). The installation shall either
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operate safely if condensation happens occasionally or the manufacturer shall avoid
condensation by design of the equipment or, where necessary, by additional measures (e.g.
built-in heaters, air conditioners or drain holes).

6.3.5 The installation 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 low ambient
pressure limit shall be 85 % of normal sea-level atmospheric pressure.

For equipment 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
cooling effect of the air.

6.3.6 The electrical equipment of the installation shall be adequa '
the ingress of solids and liquids according to 11.3 of IEC 60204-1:200 V equipment. It

6.3.7 When equipment is exposed to radiation (e.g. M . , additional
measures shall be taken to avoid malfunctioning of the e \ 3
of the insulation, metal degradation or corrosion due to

6.3.8 Undesirable effects on the installatio S by\vibration, shock and bump

mounting it away from the equipment ' < shock, or by provision of anti-
vibration or anti-shock mountings.

6.4 Physical environm i iohs for electrical equipment inside

6.4.1 Electrical eg

suitable for the ;@c

Physical conditions essing equipment cover an extremely wide range of
different environ nay ke necessary for the manufacturer and user to agree on these
conditions.

near the processing equipment shall be
ating conditions of its intended use.

b) at the humidity te¥els inside or near 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 or near the processing
equipment;

d) under prevalent electric and magnetic fields inside or near the processing 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 or near 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 and accelerated deterioration of the insulation.

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

6.5 Power supply

6.5.1 The installation shall be designed to operate correctly under normal operation with
the conditions of the supply network:

— as specified below, or

— as otherwise specified by the user and acknowledged by the manufacturer, or

— as specified by the manufacturer in the case of a special source of supply such as an
onboard generator.

For mains frequency supplies the following applies, unless otherwise €Xxy
the manufacturer and the user:

agreed on by

a) steady state voltage in the range of 90 % to 110 % of noming

b) frequency in the range of 0,99 to 1,01 of nominal frequency contjnugusly
IEC 60204-1, 0,98 to 1,02 short time (no excessive te Ri
an abnormal current).

a) shall not go into unsafe mode of gperation\or

this case;

b) shall not lose theg

necessary for safe
c) shall be abl@
command;
d) shall be able {

6.6.2 Risks shall be reduced by limiting or preventing the access to the hazard or to the
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 Protection against unintentional access to hazardous-live parts or against
unintentional entering the hazard zone shall be provided in all cases where either there are no
barriers or enclosures, or where barriers or enclosures are to be removed to gain access
to devices requiring manual operation or to components requiring replacement.

6.6.4 The access path to the device and the space needed for its operation shall be such
that protection against unintentional contact with hazardous-live parts or against
unintentionally entering the hazard zone is provided by an appropriate distance.
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Obstacles protecting against unintentional contact shall be provided if the access path or
space has less than the appropriate distance from hazardous-live parts.

6.6.5 The degree of protection shall be not less than IPXXB (also complied with by IP2X)
of IEC 60529 from the direction of approach to the device or component, and not less than
IPXXA (also complied with by IP1X) of IEC 60529 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) avoid a work rate determined by the installation only,
b) avoid monitoring of the installation or its control unit that demands atration,

c) allow for the variation in the strength, stamina or physjca 3f different
operators,

d) allow for sufficient space for the movements of the opera

e) adapt the control unit and other interfaces to the fg characteristic of

operators.

Provisions of ISO 6385 apply.

6.8 Transport and storage

temperatures within a range from -25 1C tq'58°C'q
up to 70 °C. Otherwise,suitable-preca
¢ i means

NOTE Electrical equip ptible a at low temperatures includes PVC insulated cables, certain
electrolytic capacito equip i 0oli .

6.9 Provisions

6.9.1 EH o RM \{ ation or equipment shall be capable of being handled and
assembled sa

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

6.10 Consumables and replaceable parts

Consumable or replaceable parts that are intended to be replaced by the operator shall be
integrated or mounted in a way that replacement is uncomplicated and safe with regard to
correct and unambiguous mounting and to electrical connection.

7 Protection against electric shock

7.1 General
Clause 7 applies

a) for the processing equipment, if this is not covered by the scope and the environmental
limits of the IEC 60204 series, i.e. exceeding 40 °C and Documents
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b) for equipment of EH or EPM installations with an electrical frequency exceeding 200 Hz.

Clause 7 does neither apply for equipment covered by the IEC 60204 series, nor for
equipment with a voltage exceeding 36 kV, which is covered by the Particular Requirements.

NOTE Electrical hazards are associated with electric charges and currents between frequencies of 0 Hz and up to
about 100 kHz. Conventional electric shock phenomena gradually change or disappear at the upper limit; protective
means like equipotential bonding cease to operate reliably.

7.2 Fundamental rule of protection

Hazardous-live parts shall not be accessible and accessible conductive parts shall not be
hazardous-live either during normal operation, or under single-fault condition. For HV
installations or equipment, entering the HV hazard zone is considered the same as touching
a hazardous-live part.

Non-accessible parts are all hazardous-live parts or hazard zone
— i.e. contact is not possible as defined in ISO 13857 during ne
fault condition.

erthanced protective
any installation or

single-fault condition is provided by fault protection
provision as defined in 5.3 of IEC 61140:2001
equipment under the scope of this standard.

7.3 General provisions

7.3.1 All conductive parts which areg ’not separa om hazardous-live parts by at least

7.3.2 Expos 4 -
protective bon exoNpal. Yhi des all parts which are covered only by paints,

imN C 16, Not included are conductive parts which can be
ous-live parts by protective separation.

are designet\{o be\gripped, or

— are likely to come into contact with conductive surfaces which can distribute hazardous
potential, or

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

— are to be used in areas where the pollution is highly conductive
shall be separated from hazardous-live parts by

a) double or reinforced insulation, or

b) basic insulation and protective screening, or

c) a combination of these provisions.

All other accessible surfaces of parts of insulating material shall be separated from

hazardous-live 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 either
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by the manufacturer or by the user as indicated by the manufacturer in the information for
use.

These requirements are deemed to be complied with if

— the accessible parts of insulating material provide the required insulation and their
temperature does not exceed the limits defined in Clause 10;

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

7.3.4 The design of the installation or equipment shall restrict access to HV 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

during the replacement or
other operator’s action, but only/f Si i tool and have a warning

7.4 Basic protectio

7.41 All installations orey he scope of this standard shall be provided with
basic protection<>
a)

b)

7.4.3
parts.

Where solid” basic insulation is used, it shall prevent contact with hazardous-live

In case of HV installations and equipment, a voltage can be present on the surface of solid
insulation and further precautions may be necessary.

Where basic insulation is provided by air, access to hazardous-live parts or entering the
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.

Where 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
hazard zone shall provide a degree of protection of at least IPXXB (also complied with by

IP2X) of IEC 60529. Documents
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Barriers or enclosures shall have sufficient mechanical strength, stability and durability to
maintain the specified degree of protection, taking account of all relevant influences from the
environment and from inside the enclosure — ISO 14119 and ISO 14120 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 shall become possible only
after replacement of barriers or parts of enclosures or after the closing of™dpors, or

— where an intermediate barrier still maintains the required deggéeMof—protecgtion, such

barrier being removable only by the use of a key or tool.

Barriers or enclosures shall be made from such material that
can be created in them.

NOTE Potential grading is typically used for ele

7.4.6 At frequencies exceeding 200
by the following means:

a) If earthing is necessa
installation shall np
between the gener

b) The voltage
touched by a“pére

hindered to the.R

NOTE This limitation\of S otri ent is due to electromagnetic waves and their propagation to result in
unreliable earthjrig i ncies above approximately 100 kHz.

ghall consist of one or more provisions independent of and additional
to those for basie protection. Individual provisions for fault protection are specified in 7.5.2 to

7.5.2 Single-fault conditions shall be considered, if they can cause

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

b) an accessible conductive part which is not live during normal operation to become
hazardous-live, or

c) a hazardous-live part to become accessible.
7.5.3 To meet the fundamental rule under single-fault condition, fault protection shall be

achieved by a further protective provision, independent of that for basic protection (7.3.4).
The independent single fault protection shall be provided

— for LV installations or equipment, in the absence of a specific standard listed in Table 2, in
compliance with IEC 60364-4-41.

— for HV installations or equipment, in the absence of a specific standard listed in i
compliance with 7.5. ﬁ?ﬂ‘?ﬁrﬂents
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7.5.4 Each of the two independent protective provisions shall be designed so that a failure
is unlikely under environmental conditions specified in 6.3 or 6.4 and under normal operation
or 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 posed between

protective screen shall be connected to the protective equipotentig|<bond{ng. system of the
installation or equipment; it shall itself comply with the S
equipotential bonding according to 7.6.

If any component is connected between the séparaty i s, that component shall
withstand the electric stresses specified for the inmsulatio ich\it bridges and its impedance

current values indicated in Annex B.

7.5.8 Supplementary insulation sh € d to withstand the same stresses as
specified for basic insulation.

7.6 Protective equi

7.6.1 The protective equipotential b Mg system shall consist of one or a suitable
combination of t ' [
a)

b)
c)
d)
e)
f)
9)
h) earthing conductor.

earth electrode (ihcluding earth electrodes for potential grading);

Specific considerations apply for frequencies well above mains frequency and are given in the
Particular Requirements.

All parts of the protective bonding circuits shall be so designed that they are able to withstand
the highest thermal and mechanical stress, which can be caused by earth-fault currents,
flowing in any part of the protective bonding circuits. For the assessment of short circuit
currents IEC 60909-0 shall be used, for effects of short circuit currents IEC 60865-1 is
applicable.

Any structural 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.
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7.6.2 The equipotential bonding system of a 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 voltage 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.

7.6.3 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.

7.6.4 The protective equipotential bonding system shall be of sufficiently low_impedance to

avoid hazardous potential difference between parts in case of an instation fajlure and, if
necessary, be used in association with a protective device operated ent

This can necessitate consideration of the relative impedance valte elements
of a protective equipotential bonding system. The difference in i ged not be

single fault so that it cannot exceed 3,5 mA rms for fre p\{o~100)Hz or 10 mA for
direct current applications when measured in latflse 18. In some
environments or situations, e.g. highly conductive lpcations or we , the limiting values

and dynamic stresses WhICh are I|k o—~QccUR due to a fault current do not impair the
characterlstlcs of the protegti dl g tem as a consequence of a failure or
N € ama

ge, not impairing safety, e.g. of a sheet metal

7.6.6 All partg b ential bonding shall be capable of withstanding all
internal and exte i : ical, thermal and corrosive) which can

Movable™sondu Qnnegtions, e.g. hinges and slides, shall not be considered to be parts
of a protecti ipo fal bonding system unless compliance with the requirements in 7.6 is
maintained.

Where a component of an installation or equipment is intended to be removed, the protective
equipotential bonding for any other part of the installation or equipment shall not be
interrupted when removing the component unless the electrical supply to the other part is
disconnected first.

No element of the protective equipotential bonding shall contain any device which could
reasonably 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 dispensed only temporarily for the verification of the continuity of protective conductors or
for the measure of the current of the protective conductor — see Clause 18.

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

7.6.8 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.

7.6.9 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, e.g. 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.

7.6.10 In LV equipment, the protective conductors or the continuity of'the protective bonding
system shall be in accordance with 8.2 of IEC 60204-1:2005. This jiig¢h Mirements

current exceeding 10 mA, and functional bonding, shall bg i
IEC 60204-1:2005.

7.6.12 The earth, protective conducto tructures shall not be used as part of

an active circuit, unless specified otherwis ar Requirements.
7.6.13 Earthing of secondar d unless improving overall safety of the
installation. If seconda i ed_they/ shall only be accessible, if the voltage of

7.6.14 The me
identified either usj -5019 (2006-08) (see Annex F), or with the letters
PE, or by the bicgloyrx 9 green and yellow. The indication shall not be placed on

7.7 Additional provisions for fault protection for frequencies above 200 Hz

7.71 Fault protection shall consist of one or more of the following measures independent
of and additional to those for basic protection.

7.7.2 Parts of electrical equipment operating at higher frequencies than 200 Hz shall be
capable of operating correctly in consideration of skin and proximity effects under normal
operation and single-fault condition.

7.7.3 Any supplementary insulation shall be dimensioned to withstand the same stresses
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 ghe mains

frequency earthing system which could result in accessible parts acquiring a !&Uﬂgents
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effective touch voltage shall be detected by a protective device operated by the fault
voltage and result in disconnecting and deenergising 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

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

b) shall comply with the highest occurring voltage under any single-fault co

installed;
c) shall be not removable without the use of a tool;

d) if it is necessary for reasons of equipment desig
the main circuit conductor for maintenance, -
combined with a safety circuit i
disconnection and there shall be &

ihcorporated in the plug and

socket system, as well as suffici ins i exterior for non-hazardous
disconnection; these requirementsdo apply\if separation is needed only during
installation and decommissioning apd t 3

e) the connection of the ikcui 3f Shall be re-established not later than
when the supply conductors S ./this requirement does not apply when
interruption and resonn only with the equipment in de-energized

condition;
f) the circuit eI eerfds shall be separated and thus not be combined
with any other\élg the protective equipotential bonding for any other

7.8 Protec
7.8.1 gken in the installation or equipment to prevent excessive
protective nts impairing safety or normal operation of the installation.

Compatibili
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,
less than 5 mA for rated current exceeding 10 A and 0,5 mA/A in between.

b) For current-using equipment for permanent connection and current using stationary
equipment, both without special measures for the protective conductor, or plug-in current
using equipment fitted with a single phase or multiphase plug and socket-outlet system,
rated more than 32 A: less than 3,5 mA for rated current below 7 A, less than 10 mA for
rated current exceeding 20 A and 0,5 mA/A in between.

If residual current devices are provided in the installation, the protective conductor current
shall be compatible with the protective measures provided.
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In normal operation, mains frequency equipment shall not generate current with a direct
current component in the protective conductor which could affect the proper functioning of
residual current devices or other equipment.

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.

7.9 Touch current and touch voltage

7.9.1 Touch current hazards are caused by currents flowing through the human body (this
current is not necessarily equal to the current flowing through a protective conductor). The
effect of electric current on a human body is causing some distinct respg s\which need to
be considered. These are

a) perception of a current or a spark up to pain;

b) a physical reaction caused by the perception or pain, th i ctiom” can be
uncontrolled;

c) hindering of let-go;

d) electric burn, either small scale at the touch poip
bodyparts of high resistivity.

harm when touched shall be within armﬁz
NOTE IEC TS 60479-1 andNEC 2 providedadditional information for risk assessment as well as Annex A
of EN 50445:2008.

793 |If part >
operation, the mawufa

a) apply warnings a oftding to Annex F;

b) indicate n for use specific handling procedures for the operator if
appropri g may include grasping to avoid harm for touch currents below
the |

7.10 Conducto Asulations at high temperature

7.10.1 The effec decreasing conductivity with temperature of conductor materials and
thus increasing Joule heating of undersized conductors shall be taken into account.
IEC 60364-4-42 applies.

7.10.2 All conductors shall be able to operate at their maximum expected environmental
temperature without overheating and shall be made from conductive material that does not
degrade at the stationary conductor temperature.

7.10.3 The effect of increasing conductivity with temperature of most insulating materials
shall be considered as this can lead to hazardous leakage currents.

7.10.4 If the insulating material at the maximum expected temperature does not provide
sufficient insulation, secondary insulating means shall be introduced.
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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 electric or magnetic nearfields

8.1 General

8.1.1 Clause 8 specifies provisions for frequencies between 0 Hz and 6. MHz concerning
hazards caused by magnetic, electric or electromagnetic nearfields. Provisiens for higher
frequencies and for propagating fields are provided in the Particular Reqg

8.1.2 The EH and EPM processing equipment shall be designed a 0 as to
protect the operator and the environment from harmful e - i
nearfields and from EMF.

8.2 Magnetic fields

8.2.1 The equ Rend shall/be
level and characte

hazardous fields and

magnetic fields, the manufacturer shall indicate in the information
for use safe behayioup for maximum allowed accessible B value level exceeding the limit for
risk group 1. This in€ludes 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.

8.2.4 Exceptional exposure can be allowed for operator not carrying or wearing any metal
objects and not having implants of any kind, if optical or audible warning devices are in place
and the following requirement is met.

8.2.5 The manufacturer shall indicate 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;

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.
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8.3 Local electric fields

8.3.1 Clause 7, especially 7.9 applies. HV hazard zones shall be non-accessible by any
bodyparts.

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

8.3.3 lonization phenomena, which can occur at high temperatures under high electric
fields, shall be taken into account in design of insulation distances along surfaces or in air.
Particular care shall be taken in case of metallic vapour emission, splashes, pollution, or
similar, according to IEC 60664-1.

8.3.4 Corona discharges at high field intensities can crea
concentrations and shall be limited. At a given field intensity, the copo
frequency.

8.4 Requirements related to barriers and scree Q
id

8.4.1 Non-conductive, non-magneti
hindering access, like obstacles.

€ Nol Co

8.4.2 Conductive screens guiding
touch shall have sufficient’Canduetiwi d¥in a way that they cannot overheat in

heating exceeding the

8.4.3 Conducti
conductivity and be

penetration dep a factor of 3 and thus fulfilling the following formula:

3

d =
Vax- [ -o(f) po - e

(1)

Ho =4rx 107" is the magnetic constant in Q s m-1;

Hy is the relative permeability;
f is the frequency in Hz;
o(f) is the material and temperature dependent conductivity in Q-1 m-1.

NOTE Some magnetic field leaks through if the plate is thinner. It can be difficult to fulfil the requirement for
frequencies below 100 kHz and it is typically impossible below about 10 kHz.
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8.4.5 The geometric extent of a conductive screen shall be such that no hazardous field
extends over its reach.

8.4.6 Other measures for stray field control may be indicated, these can be

— afield filtering window for visible access to the working area or
— an array of well placed magnetic objects of sufficient permeability.

8.5 Requirements related to objects worn, carried or held by persons

8.5.1 Metallic objects near the processing equipment can be heated by strong induced
currents, even if the requirements of 8.3 and 8.4 are complied with. Ferromagnetic materials
such as in tools can be strongly heated by the magnetic field.

8.5.2 The hazard of heated up metallic or semiconducting pans

static fields. All zones where such risk can exist diring
condition shall be indicated by the manufacty i
warning signs shall be provided outsidg

8.5.4 Hazards related to pacemakers\i [ ime-variable magnetic fields as
well as nuisance related to watches/and other ‘e onic equipment such as radios are

information for use.

8.5.5 The manufa &T ica 1 the information for use with respect to static
magnetic fields 6
a) if very strong eCted When fields are varied, especially when the field is

b) that operato persons carrying any metal objects or having implants of any
kind (i.e. ' I electronic devices) or wearing any metal objects shall only
attend an S isk group 1, if they are instructed about the need of slow movements

pr audible warning device is in operation indicating the existence of

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

a) that operators or ordinary persons 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 group 2. Sufficient marking and and proper warning signs shall be
provided outside the zone;

b) that operators or ordinary persons attending any zone of risk group 1 or higher shall
never wear objects like metal necklaces, bracelets, rings, objects that are magnetisable or
objects made from silicon, carbon or similar.
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9 Protection against hazards from radiation

9.1 General

9.1.1 The installation shall provide protection against effects of internally generated
ultraviolet, ionizing, visible, infrared and microwave radiation, including radiation from laser
sources.

This standard does not differentiate between different sources of radiation (e.g. emitter,
workload or wall) with respect to classification or emission. Different phases of the life cycle
of the equipment can cause different levels of radiation emission and shall be treated
separately.

9.1.2 The following effects shall be taken into account as they lead to\unintended

hazardous exposure:

— emission of radiation through the openings for entrance and exit
the continuously operating processing equipment;

— emission of radiation through the doors of the batch
either opened or stay open during the process;

installation. ;
9.2 Installatio
9.2.1 In the cé4 P M intended to emit ionizing radiation, the effective dose
rate of unintepded iatj any accessible point 100 mm from the outer surface of

the equipme exceed 1 uSv/h unless a national regulation stipulates a different
dose.

9.2.2 S ¢ hall 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 equipment intended to emit radiation are given in the
Particular Requirements.

NOTE Equipment that emits ionizing radiation is in most countries regulated by national authorities. These
regulations usually address both the emissions of radiation from the equipment and the cumulative dose of
radiation that can be received by the operator or ordinary person. Examples of regional or national regulations
are Directive 96/29/EURATOM for the European Union and document 29 CFR 1910.1096 for the USA.

9.3 Ultraviolet radiation

9.3.1 Effects of ultraviolet (UV) radiation include the destruction of biological cells and the
degradation of materials of enclosures or insulations made from plastic. UV radiation can
start chemical reactions and fire. These effects shall be taken into account.

9.3.2 The assessment of UV hazards for lamps is detailed in IEC 62471, but th%eg&roach

shall be used for any UV radiation source without limiting its validity. uments
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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
completely enclosed are defined as intended to emit UV radiation.

9.3.3 Equipment emitting unavoidable stray radiation though not designed to provide
external UV illumination 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, the manufacturer shall
reduce the radiation and irradiation levels to safe levels that either cause a possible exposure
hazard to operators, or cause equipment not suited to exposure to intense UV radiation to
levels that can destroy such equipment preliminary. Measures can include screens, barriers,
locked doors, filtered windows and warning markings. The manufacturer indicate to the
user in the information for use the need for personal protective equ }
exposure is possible.

9.4 Visible and infrared radiation

9.41 All equipment or installations under the scope of

— effects of intense VIS radiation can
— intense VIS radiation can reduce f{
signs;

— effects of intense IR ré
of skin;

— surfaces or
irradiation.

9 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, refer to Annex C.

9.5 Laser sources

Equipment employing laser sources shall meet the requirements of IEC 60825-1.

10 Protection against hazards from thermal influences

10.1 General

10.1.1 Aside from electrical hazards, high temperature and thermal energy are the most
important hazards to consider during all stages of design and manufacture of EfD)q¢ BFMents

Document Sharing Hub

Full document details: IEC 60519-12015


http://avadocuments2026.com/doc/iec-60519-1-2015
http://avadocuments2026.com/doc/iec-60519-1-2015

IEC 60519-1:2015 © IEC 2015 - 45—

installations or equipment. Indirect aspects of thermal energy are treated throughout this
standard:

— provisions concerning hazards caused by radiation are given in Clause 9 — as bodies at
elevated temperature cause radiation;

— 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 installations 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.

10.1.3 The general rule for normal operation is that

a) all materials used shall at least withstand the influence of the

b) if the designed lifetime of a part is shorter than the lifetime &

expected during single-fault condition ove
installation or equipment or any payt’c 3

b) this reasonable time period shall b
of that single-fault condition and coolin

c) if any materials or parts are exchanged in posed to thermal energy higher than
i i ated in the information for use.

All surfaces intended C
exceed the tem .@ re’ limits i (’13732-1 during normal operation or in single-
fault condition unless fratignal regulationsyprovide other limits.

All other surfaces\tha ofthe operator

a) shall eith nits as set in ISO 13732-1, or

b) a batrie d to prevent accidental touching, or

c) shall be'mark ccordingly and the risk including possible measures to reduce the risk be

indicated inthe infgrmation for use.

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;

b) shall indicate the need for a risk assessment by the user based on the working
procedures, e.g. following 1ISO 15265.

10.4 Heat resistance of components

10.4.1 All structural parts and enclosures shall be made from material that is sufficiently
heat resistant at all temperatures they are exposed to during normal operation or prolonged
single-fault condition.
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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 never reaches

— the limit of flammability,

— the limit of structural deformation or

— the limit of decomposition.

10.4.3 All insulation shall be made from materials that are sufficiently heat resistant at all

temperatures it is exposed to during normal operation or prolonged single-fault condition,
including effects from fault currents inside the insulated conductor.

10.4.4 Clearance distances between conductive parts shall be sufficien
expected during normal operation or single-fault condition.

or temperatures

10.4.5 Creepage distances between conductive parts shall be
increase of conductivity of insulating materials used due to t
normal operation or single-fault condition.

10.4.6 Mechanical stress from thermal expansion shall
cause a hazard.

10.4.9 In the absen
increase of tem €

materials and part

10.5 Cooling

insufficient.an alarm shall be given and the equipment shall be switched into a safe state.

10.5.2 If a liquid~cp0bling agent is used and insufficient cooling due to bubble formation of
boiling can cause a hazard,

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

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

10.5.3 Released 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.
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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 — Thermal protective measures

Class Scope of protection Extent of protection Protective device Protective measure
Attended operation with
non-hazardous

Processing equipment workload only
0 and environment - -
thereof verheating precluded
y consthyctional
R egsures
Processing equipment In the case of a fault no | Thermal cut-out,
1 and environment hazard caused by the temperature pro ect
thereof processing equipment or comparabl
Processing equipment In the case of a fault no | Pre-selec
. 9 equip ’ hazard caused by temperafure
2 environment thereof ; h
processing equipment cont rs,
and workload
or workload parab

The manufacturer shall for the case o
intervals at which the installation is to b
in Table 4 shall be indicated to the user-

10.6.2 If a smgle fault j

equipment or of the
requirements of 14.7

cause a hazard.Q

10.6.3 If an insuffis
cause a hazard,
and any otherpa

the worklead oRpverheating of heat-transfer media (e.g. heating baths) as well as from over-
temperature ofparts &f 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 temperature control system shall be fitted to
maintain a safe temperature without the over-temperature device operating.

10.6.6 For equipment designed to contain flammable materials, either for normal operation
or for heat-transfer, over-temperature protection devices or systems shall ensure that the
liquid cannot exceed in normal operation or single-fault condition

a) the flash point temperature of the liquid being exposed to air, or
b) a temperature 25 K below the fire point when in contact with any heating element.

10.6.7 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.
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10.6.8 If the workload can ignite or cause damage after an emergency stop or in single-
fault condition, measures shall be taken in compliance with Clause 11 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 switching
off, and

b) surface temperature can increase even after switch off due to the release of stored heat.
11 Protection against hazards from fire

This Clause 11 applies for the installation in general and the processing equipment.
Protection against fire hazards for electrical equipment shall be according_to the relevant
standards identified in Table 2.

apply.

NOTE 1 Hot surfaces, intense optical radiation, arcs, plasmag
inside EH installations. Plasma or static electrical discharge

NOTE 2 Plasmas, discharges and other ele
point or lead to ignition.

12 Protection against hazards fra

12.1 General

a) the equipmeyt sha
the wetting.of insulation or of internal hazardous-live parts;

b) no corrosion leading to a hazard is possible — for example as a result of the contact of
potentially aggressive substances with parts of the equipment;

c) suitable means below the equipment able to collect the spill shall be positioned.
If in normal operation or single-fault condition, potentially aggressive substances (such as
corrosive, toxic or flammable liquids) are likely to be spilt on parts of the equipment, the

possibly affected surfaces shall be made from material not affected by the aggressive
substance.

12.1.4 The maximum pressure to which a part of the equipment can be subjected in normal
operation or single-fault condition shall not exceed the rated maximum working pressure for
the part. The maximum pressure shall be considered to be the highest 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 deviceﬁ t is part
of the assembly, unless the pressure is limited by an overpressure safety deviceé- 6éljﬁ19nts
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