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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF MACHINERY -
ELECTRICAL EQUIPMENT OF MACHINES -

Part 11: Requirements for-HV equipment for voltages

— above 1 000 VAC or 1 500 V DC and not exceeding 36 kV
FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of AEC is to prg

echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
the subject dealt with may participate in this preparatory work. Internafional, governmental and
bvernmental organizations liaising with the IEC also participate in this prepasation. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordancé with conditions determine
preement between the two organizations.

he formal decisions or agreements of IEC on technical matters expressy/as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical committee has representation fro|
terested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC Na
bmmittees in that sense. While all reasonable efforts are/made to ensure that the technical content o
ublications is accurate, IEC cannot be held responsible’ for the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC_National Committees undertake to apply IEC Publicg
ansparently to the maximum extent possiblexin“their national and regional publications. Any diverd
btween any IEC Publication and the corresponding national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation of conformity. Independent certification bodies provide confg
Esessment services and, in some agréas, access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they iave the latest edition of this publication.

o liability shall attach to IEC+or its directors, employees, servants or agents including individual expert
embers of its technical éommittees and IEC National Committees for any personal injury, property dama
her damage of any.-nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out\of the publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicatid
dispensablefor the correct application of this publication.

tention.is,"drawn to the possibility that some of the elements of this IEC Publication may be the subjg
htent(rights. IEC shall not be held responsible for identifying any or all such patent rights.

ising
mote

ternational co-operation on all questions concerning standardization in the electrical and eftectronic fields. To
is end and in addition to other activities, IEC publishes International Standards, jlechnical Specificati

psted
non-
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This redline version of the official IEC Standard allows the user to identify the changes
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 60204-11 has been prepared by IEC technical committee 44:
Safety of machinery — Electrotechnical aspects.

This second edition cancels and replaces the first edition, published in 2000. This edition
constitutes a technical revision.

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

— aspects of risk assessment, which are mirrored from ISO 12100;

—  eguinotential bondina and earthing:
| L ~J g7

— EMC and power quality;

— KV switchgear and controlgear;

— greepage distances for conductors and slip-ring assemblies;
— g list of machinery using HV equipment, in Annex A.

This| second edition of IEC 60204-11 has been updated and improved to reflect| the

expegrience gained with the first edition and the evolution of high-voltage equipment reflected
in the relevant standards.

Regprding formal requirements, IEC 60204-11 has been aligned_with

— [IEC 60204-1:2016,
— IEC 61936-1:2010 and IEC 61936-1:2010/AMD1:2044,
— |EC 62271 (all parts).

This|document is intended to be used in conjunction with IEC 60204-1.

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

FDIS Report on voting
44/819/FDIS 44/828/RVD

Fulllinformation 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.

A ligt of all~parts in the IEC 60204 series, published under the general title Safety of
machinery > 'Electrical equipment of machines, can be found on the IEC website.

The|committee has decided that the contents of this document will remain unchanged unti| the

t Lt Aot H W~ H tadl +h L= boit A | Mttt . /] bhat H [ AL +h Aot lot dt
S a My UattS miuiedicu UlT i TV WO UOIIT UTiutTl MUY 77WTTUOWUTT.TTUL.UTT mrure udidad 1T1atl O

the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced 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

This part of IEC 60204 provides requirements and recommendations relating to the high-
voltage electrical equipment (HV equipment) of machines together with its associated low-
voltage electrical equipment (LV equipment) so as to promote

— safety of persons and property,

— consistency of control response,
— ease-ofmaintenance maintainability.

ious

%ses

(...)[refer to clauses and subclauses in this document. It is understeod that all of the elemgents
together including the safeguards, software and the documentation constitute| the
machine or group of machines working together with usually at least one level of supervisory

1

This| document should be used in conjunction witlth|EC 60204-1. HV equipment can include¢ LV
conffol parts in the same general enclosure or inseparate compartments.
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IEC 61936-1 HV power supply

IEC 60364 LV power supply

IEC 60204-11

(C

use 6)

Supply disconnecting device (5.3)

Protection against electrical shock

Prétection of HV equipment (Clause 7) IEC 60204-1 _
. . v
Edrthing terminal (5.2) E S =
. : L o= 8
Pretective bonding circuit (8.2) :% § s
Cdntrol circuits and control g
furjctions (Clause 9) g .5 Progratmrlrlwble |
Cantrolgear (Clause 12) = coniXer
Qo ]
Mgans for work on (S}
HV equipment (Clause 16) e €
c
o —~
(@) § E S
Sog
8983
High-voltage Low-voltage OoOeg
motor control In‘thJt/r?utput In_pltJt/(:utput motor control 8=
equipment intertace INterigan equipment

Actuators and sensors

Safeguards;and warning devices

Cohductors and cables (Clause 13)
Wifing practices (Clause 14)
Tesgting and verification (Clause19)

Processing equipment

Warning signs, item designation (Clause 17)
Technical documentation (Clause 18)

Emergency std
device(s)

Figure 1 — Block diagram of a machine containing HV equipment

EC
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SAFETY OF MACHINERY -
ELECTRICAL EQUIPMENT OF MACHINES -

Part 11: Requirements for-HV equipment for voltages
above 1 000 V AC or 1 500 V DC and not exceeding 36 kV

IEC 60204-11:2018 RLV © IEC 2018

1 anpn

This| part of IEC 60204 applies to electrical and electronic equipment and syste€mp to
machines mcludmg a group of machlnes workrng together in a co-ordinated ammanner,|-but
exclyd : ; Wwhich opgrate
atn )m|nal voItages above 1 000 V AC or 1 500 \% DC and not exceedmg 36 KV;AC or DC|with
nomlinal frequencies not exceeding 60 Hz.

Thiclnart of IEC 80204 ic annlicahla to catinment or narte of aauinmant which onarata hait

Seiopee e = B 000 e oo lien ble fo soiocnend o sole o conorns b vinien oo oeate hidlln
romjinal-supply—voltages—above1-000-V-a-c—or1-500-V-d-c—and-not-exceeding36-k\Va-f-—or
de bwit nominal fraauencies not aveceedina 200 Hz Far hia Y vnltaaese or freaauandiec
d.c{with-nominal frequencies not exceeding 200 Hz. For higher voltages or frequengies,
In this document, the term HV equipment also covers,the LV equipment forming an integral
part|of the equipment operating at high voltage. The-fgquirements in this document primarily
cover the parts operatrng at hrgh voItage except where explrcrtly stated otherwrse -Refergnce
NOTE 1 Other LV equipment not forming part of the HV equipment-and-defined-as—operating—at—voltagep—not
excepding1+-000-V-a.c—er1-500-\V-dc—are is covered by IEC 60204-1:2016.

NOTE 2 In this document, the term "electrical" includes both electrical and electronic matters (i.e. eledtrical
equigment means both the electrical and the .€léctronic equipment).

NOTE 3 This document does not apply te-independent high-voltage power supply installations for which seplarate
IEC dtandards exist.

Thelelectrical equipment covered by this document commences at the point of connectign of
the gupply to the electriéal equipment of the machine (see 5.1).

NOTE_F ) : ) ions, D637,

NOTE 4 For the/fegquirements for high-voltage power supply installations, see IEC 61936-1.

This| document is-an-application a generic safety standard-a

techirological-advancement. It does not cover all the requirements (e.g. guarding, interlogking
or dontrol) WhICh are needed or reqwred by other standards or regulatlons in ord

safeguard per
unique requrrements to be accommodated to provrde adequate safety

NOTE 5 In some machines the high-voltage power supply can be produced by a step-up transformer
(autotransformer), supplied by a low-voltage system (e.g. by a LV generator).

NOTE 6 In the context of this document, the term "person" refers to any individual; "personnel" are those persons
who are assigned and instructed by the user or his agent(s) in the use and care of the machine in question.

This part of IEC 60204 specifically includes, but is not limited to, machines as defined in 3.29
(Annex A lists examples of machines whose electrical equipment-may can be covered by this
document).
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For protection against electric shock from high-voltage equipment, this document refers to
IEC 61936-1. When it comes to low-voltage equipment, this document refers to
IEC 60204-1:2016.

NOTE 7 High- and low-voltage standards use different terms regarding protection against electric shock. Whereas
high-voltage standards use the terms “direct contact” and “indirect contact”, low-voltage standards correspondingly
use “basic protection” and “fault protection”.

Additional and special requirements can apply to the electrical equipment of machines that

are used in the open air (i.e. outside buildings or other protective structures);
— §sE, process or produce potentiatty exptosive materiat(e-gpaimt or sawdust);

— are used in potentially explosive and/or flammable atmospheres;

— have special risks when producing or using certain materials;

— 4gre used in mines.

Hazprds as a result of noise and vibration are excluded from the séop€ of this document.

2 Normative references

Thelfollowing documents are referred to in the text.in{such a way that some or all of their
content constitutes requirements of this documenti“\For dated references, only the edjtion
cited applies. For undated references, the latest edition of the referenced document (including
any @mendments) applies.

IEC 60071-2:1996, Insulation co-ordination — Part 2: Application guide

IEC 60076-5:-4976, Power transformers — Part 5: Ability to withstand short-circuit
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IEC 62061, Safety of machinery — Functional safety of safety-related electrical, electronic and

IEC 61936-1:2010, Power installations exceeding 1 kV a.c. — Part 1: Common rules
programmable electronic control systems

IEC 61800 (all parts), Adjustable speed electrical power drive systems
IEC 61936-1:2010/AMD1:2014
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IEC 62271-102, High-voltage switchgear and controlgear — Part 102: Alternating current
disconnectors and earthing switches

IEC 62271-103, High-voltage switchgear and controlgear — Part 103: Switches for rated
voltages above 1 kV up to and including 52 kV

IEC 62271-105, High-voltage switchgear and controlgear — Part 105: Alternating current
switch-fuse combinations for rated voltages above 1 kV up to and including 52 kV

IEC 62271-107, High-voltage switchgear and controlgear — Part 107: Alternating current fused

circyit=sSwitctiers for rated voitages avove KV up to and nctuding 52 kv Q

IEC

switghgear and controlgear for rated voltages above 1 kV and up to and inc/uding\(by kV

IEC

enclpsed switchgear and controlgear for rated voltages above 1 kV and™p to and inclu
52 KV W
o
IEC 62745, Safety of machinery — Requirements for cableless co@l systems of machine
ISO(13849-1, Safety of machinery — Safety-related parts of trol systems — Part 1: Ger
pringiples for design 6\
ISO|3864-1:4984 2011, Graphical symbols — Safet@ours and safety signs — Part 1: De
pringiples for safety signs and safety markings \§\
1ISO|3864-2:2016, Graphical symbols —Sq@: colours and safety signs — Part 2: Dg
pringiples for product safety labels \$\
)
ISO[7010:2011, Graphical symbo/sA\Safety colours and safety signs — Registered s:
signls \O
OF
ISO(12100, Safety of macl@ély —General principles for design — Risk assessment and
redyction .

62271-200:2011, High-voltage switchgear and controlgear — Part 200: AC metéQe\n/cI(

Q
62271-201, High-voltage switchgear and controlgear — Part 201: 4\(()-.1’solid—insule

psed

htion
ding

4

eral

sign

sign

hfety

risk

For

Bacie concebpts aeneral-nrincinles for desi
2adSHc—GOAEE PS—gehRera—pPHACIpreS1Ho—aest

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

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

add

resses:

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

ISO Online browsing platform: available at http://www.iso.org/obp
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3.1
ambient temperature
temperature of the air or other medium where the equipment is to be used

HEMV-826-04-04]

3.2

barrier

part providing protection against-direct contact with live parts from any usual direction of
access

HEM826-03-431

3.3
basic protection
protection against electric shock under fault-free conditions

Note|1 to entry: Previously referred to as “protection against direct contact”.

[SOURCE: IEC 60050-195:1998, 195-06-01, modified — The note h@sWeen added.]

3.4
cable tray
cable support consisting of a continuous base-ard with raised edges-and but no covering

Note|1 to entry: A cable tray may be perforated or-nen-perfofated mesh.

[SOURCE:4EV-826-06-07amendment 2 IEC 60060-826:2004, 826-15-08]

3.5
confluctor wire

confluctor bar

confluctor rail

conductive wire, bar or rail of a.feeder system with a sliding current collector

3.6
control circuit

<of p machine> circuit \Used for-the-operational-control-of the-machine—and forprotectign—of
the-powercireuits thie~control, including monitoring, of a machine and the electrical equipment

3.7
control device
device connected into the control circuit and used for controlling the operation of the machine

EXAM

3.8

controlgear

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

[SOURCE: IEC 60050-441:2000, 441-11-03]
37

direct contact
lootri ‘ imals with li
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[IEV-195-06-03]

3.9

duct

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

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

3.10

earthing system

effettivene o example oW coting —armourings—meta able heaths)—o earthing
condluctors-and-of bonding-conductors

all the electric connections and devices involved in the earthing of a system, an installgtion
and lequipment

[SOURCE: IEC 60050-826:2004, 826-13-04, modified — The @p#eferred terms have been
delefed and the deprecated term is used as a preferred term.]

3.1
elegtrical operating area
room or location for electrical equipment to which ac€ess is intended to be restricted to skilled
or instructed persons, by the opening of a door or, the removal of a barrier without the use|of a
key pr tool, and which is clearly marked by appropriate warning signs

Note |1 to entry: An (electrically) instructed person.is.a person adequately advised or supervised by an electrjically
skilled person to enable him or her to perceive risks and to avoid hazards which electricity can create-[{E\/-82p-09-
02,-rjodified} (see IEC 60050-826:2004, 826-18,02)

Note|2 to entry: An (electrically) skilled person is a person with relevant education and experience to enabl¢ him

or her to perceive risks and to avoid hazards which electricity can create-HEV-826-09-04-medified] [seealsptEC
802041328 and-3-52} (see IEC 60050-826:2004, 826-18-01)

3.12
electronic equipment
part|of the electrical’equipment containing circuitry mainly based on electronic devices|and
components

3.13
enclosed closed electrical operating area
room or(lecation for operation of electrical installations and equipment to which accegs is
inte ded to be restrlcted to skrlled or mstructed persons or to Iay personnel under the

protectlve barrler only by the use of a key or tooI and WhICh is clearly marked by approprlate
warning signs

Note 1 to entry: See also Notes to entry 1 and 2 of definition 3.11.

3.14

enclosure

part providing a specified degree of protection of equipment against—certain external
influences and, in any direction, a specified degree of protection against-direct-contactHEV
826-03-12} approach to or contact with live parts and against contact with moving parts

Note 1 to entry: The definition-takenfrom-the-existingtEV needs the following explanations within the scope of
this document{see tEC 60529, 3-1):
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Enclosures provide protection of persons or livestock against access to hazardous parts.

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

An enclosure may be

— a cabinet or box, either mounted on the machine or separate from the machine;

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

[SOURCE: IEC 60050-441:2000, 441-13-01, modified — "of an assembly" has been deleted
and "in any direction" and the note have been added.]

3.15
equ{pment
gengral-term-including-materia itting device apphlances;fixtures—apparatu and-the[like

itemjs used in connection with the utilisation of electricity by machines or pafts of machines,
for pxample material, fittings, devices, components, appliances, fixtures, apparatus, |and
similar

3.15.1

high-voltage electrical equipment
itemfs as defined in IEC 60204-11:2018, 3.15 which are designed to operate at voltages above
1000 VACor1500VDC

Note|1 to entry: For easier reading in this document “HV equipnient’ is used where the context is obvious.

3.16

equ|potential bonding
provision of electric connections between conductive parts, intended to reduce the potential
diffegrences and achieve equipotentiality between these parts

[SOURCE: IEC 60050-195:1998, 195201-10, modified — “reduce the potential differences”|and
"betveen these parts" have beenadded.]

3.17
prorctive bonding conductor

proteetive conductor provided for protective equipotential bonding

[SOURCE: IEC 60050-195:1998, 195-02-10]

3.18

exposed conductive part

conductive part of equipment which can be touched and which is not normally live, but which
can become live when basic insulation fails

[SOURCE: IEC 60050-195:1998, 195-06-10]

3.19

extraneous conductive part

conductive part not forming part of the electrical installation and liable to introduce an electric
potential, generally the electric potential of a local earth
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[SOURCE: IEC 60050-195:1998, 195-06-11]

3.20
failure
termination of the ability of an item to perform a required function

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

Note 3 to entry: This concept, as defined, does not apply to items consisting of software only.

Note |4 to entry: In practice the terms "fault" and "failure" are often used synonymously.

[SOURCE:4EV1494-04-04 IEC 60050-603:1986, 603-05-06, modified — The notes kave |
adde¢d.]

3.21
fault
stat¢ of an item characterized by the inability to perform a required-function, excluding
inabjility during preventive maintenance or other planned actions, 6r due to lack of extg
resdurces

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

Note|2 to entry: In English the term "fault" and its definition are identical with those given in—EV—491-{
IEC §0050-192:2015, 192-04-01. In the field of machinery, the Frefich term "défaut" and the German term "F4
are uled rather than the terms "Panne” and "Fehlzustand" that appear with this definition.

3.22
fault protection
protgction against electric shock under single¥fault conditions

Note|1 to entry: Previously referred to as “protgetion against indirect contact”.

[SOURCE: IEC 60050-195:1998, 18%-06-02]

3.23
hazard
potegntial source of-pessible physical injury or damage to health

Note|1 to entry: The ferm hazard can be qualified in order to define its origin (for example, mechanical hg
electfical hazard) or\the nature of the potential harm (for example, electric shock hazard, cutting hazard,
hazafd, and fire hagzard).

Note |2 to entfy»~The hazard envisaged in this definition:

ther is.permanently present during the intended use of the machine (for example motion of hazardous m
elemients, electric arc during a welding phase, unhealthy posture, noise emission, high temperature);

|
[

een

the
rnal

hler"

zard,
toxic

pving

— or can appear unexpectedly (for example: explosion, crushing hazard as a consequence o

f an

unintended/unexpected start-up, ejection as a consequence of a breakage, fall as a consequence of

acceleration/deceleration).

[SOURCE: ISO 12100:2010, 3.6, modified — "harm" has been replaced with "physical injury or
damage to health" and Note 3 has been deleted.]
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3.24
Interlock
interlock {for safeguarding}

arrangement of devices operating together to:

— prevent hazardous situations, or
— prevent damage to equipment or material, or

— prevent specified operations, or

— ehsure correct operations

3.25
live |part
conductor or conductive part intended to be energized in normal operation, including a neptral
conductor, but by convention not a PEN conductor or PEM conductor or PEL.conductor

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

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

3.26
madhine bonding conductor
conductor connecting the machine equipotential bonding to the earthing system

Note|1 to entry: This is an earthing conductor as defined\ in—+EV-826-04-07—and-used—in—HDB-637 |IEC 6(0050-
826:4004, 826-13-12 and used in IEC 61936-1.

Note|2 to entry: This corresponds to the term “earthing“conductor” in IEC 61936-1.

3.27
madhine actuator
powger mechanism of the machine_ysed to effect motion

EXAMPLE Motor, solenoid, pneumatic or hydraulic cylinder.

3.28
neugral conductor
condluctor electrically_connected to the neutral point and capable of contributing to| the
distifibution of electric energy

[SOURCE: IE€*60050-195:1998, 195-02-06]

3.29
machinery
machine
assembly of linked parts or components, at least one of which moves, with the appropriate
machine actuators, control and power circuits, etc., joined together for a specific application,
in particular for the processing, treatment, moving or packaging of a material

Note 1 to entry: The terms "machinery" and "machine" also cover:

— an assembly of machines which, in order to achieve one and the same end, are arranged and controlled so
that they function as an integral whole;

— interchangeable equipment modifying the function of a machine, which is placed on the market (supplied) for
the purpose of being assembled with a machine or a series of different machines or with a tractor by the
operator himself insofar as this equipment is not a spare part or tool.
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3.30
obstacle
part preventing unintentional direct contact, but not preventing direct contact by deliberate

action

[SOURCE: 826-03 . .
has peen deleted from the term.]

3.31
overcurrent
elecfric current exceeding the rated-value electric current

Note|1 to entry: For conductors, the rated value is considered as equal to the current-garrying capacity

[SOURCE:E\-826-05-06 IEC 60050-826:2004, 826-11-14]

3.32
overload
<of B circuit> time/current relationship in a circuit which is in excess of the rated full logd of
the ¢ircuit when the circuit is not under a fault condition

Note|1 to entry: "Overload" should not be used as a synonym for overcurrent.

3.33
plug-socket combination

component and suitable mating compogent, appropriate to terminate conductors, intended for
coniection or disconnection of two ormore conductors

3.3
power circuit
circyit used for supplying power from the supply network to units of electrical equipment Wised
for groductive operation’and to transformers supplying control circuits

3.35
protective bonding circuit
the |whole of\the protective conductors and conductive parts used for protection against
electric shoek’in the event of an insulation failure

3.3
protective conductor

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

Note 1 to entry: The equivalent term in IEC 61936-1 is “protective bonding conductor”.
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3.37

reference designation

distinctive code which serves to identify an item in a diagram, list or chart, and on the
equipment

3.38

risk

combination of the probability—and-the-degree—of possible—injury—or-damageto—-health-ina
hazardous-situation of occurrence of harm (i.e. physical injury or damage to health) and the
severity of that harm

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

3.3
safd working procedure
metlod of working that reduces risk

3.4

safdguard
guafd or protective device used as a means to protect persons fromv’a present or impending
hazard

3.41
safdguarding
safefty measures consisting of the use of specific means called safeguards to protect pergons
from hazards that cannot reasonably be removed orare not sufficiently limited by design

3.42
serVicing level
leve] on which persons normally stand when'operating or maintaining the electrical equipment

3.43
short-circuit current
overcurrent resulting from a shott-circuit due to a fault or an incorrect connection in an electric
circyit

[SOURCE: IEC 60050-441:2000, 441-11-07]

3.45

switching device
device designed to make or break the current in one or more electric circuits

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

[SOURCE:—-EV441-14-014 |EC 60050-441:2000, 441-14-01, modified — The note has been
added.]

3.46
terminal
conductive part of a device provided for electrical connection to external circuits
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3.47
user
entity who utilizes the machine and its associated electrical equipment

4 General requirements

4.1

General-considerations

This

The
of—t}
example in accordance with ISO 12100. This will:

document focuses on high-voltage electrical equipment of machines.

risks associated with the hazards relevant to the HV equipment shall be assessed as
[ [ [ the risk ,assessment

Hentify the need for risk reduction;

etermine adequate risk reductions; and

etermine-the-acceptable-level-of risk;—and the necessary protéctive measures for per
ppropriate performance of the machine and its equipment.

brds Hazardous situations can result from, but are not'imited to, the following causes:
pilures or faults in the electrical equipment resdlting in the possibility of electric shock

r-electrical fire;

ircuits) resulting in the malfunctioning.0f'the machine;

isturbances or disruptions in power'sources as well as failures or faults in the p
ircuits resulting in the malfunctioning of the machine;

part
for

poNs

vho can be exposed to those hazards, while still maintaining an—acceptablelevglof

arc

ailures or faults in control circuits (or egomponents and devices associated with those

wer

bss of continuity of circuits that can result in a failure of a safety function, for exa
hose that depend on slidingJer rolling contacts g [ i

lectrical disturbances,(for example electromagnetic, electrostatic
ither from outside,_ the electrical equipment or internally generated, resulting in
halfunctioning of the\machine;

elease of stored energy (either electrical or mechanical) resulting in, for example, ele
hock, unexpectéd movement that can cause injury;

hudible aceustic noise and mechanical vibration at levels that cause health problem
ersons,

urface temperatures that can cause injury.

the

ictric

s to

Safety measuresarea combimationm of themeasuresincorporated—atthedesigmstage
those measures required to be implemented by the user.

and

The design and development process shall identify hazards and the risks arising from them.
Where the hazards cannot be removed and/or the risks cannot be sufficiently reduced by
inherently safe design measures, protective measures (for example safeguarding) shall be
provided to reduce the risk. Additional means (for example, awareness means) shall be
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018

provided where further risk reduction is necessary. In addition, working procedures that
reduce risk can be necessary.

It is recommended that, where the user is known, Annex B be used to facilitate an exchange
of information between the user and the supplier(s) on basic conditions and additional user

spe

NOT

f TPy Y ol ; ol
- petttaremameance—ancrepatt—ana

|
Q4

cifications related to the electrical equipment.

E Those additional specifications-are-te can

provide additional features that are dependent on the type of machine (or group of machines) and the
application;

ldvanee improve the reliability and ease of operation.

4.2 | Selection of electrical equipment

Eladtrical combponents and devices shall he suitable for their intended-use - and shall conform

EregtHcat—compohetsana—-aevHeces—Ssha—beSsuHiadbietortheHHtehaeauseanRe-sha—cohform

te rélevan C andard W hare uch avi . o example,—where 3 a " ne-telsted
j d—i d hose-manufactured-and-tested-in-accordgnee

with{standards-such-as{EC 60298, 1EC 60466 and |EC 60694~

Eleqgtrical components and devices shall

e suitable for their intended use;
¢onform to their relevant IEC standards; and

ke applied in accordance with the supplier’s instructions.

Typ¢-tested HV switchgear should be selected\ from those manufactured and testef in

acc

HV

4.3

4.3.

The|electrical equipment shall be designed to operate correctly with the conditions off

sup

432

grdance with I[EC 62271 (all parts).

Electrical power supply

General

ply as
gpecified in 4.3.2; or

gtherwise §pecified by the user (see Annex B), or

gpecified-by the supplier in the case of a special source of supply-such-as—an—on-bj
genefrator (see 4.3.3).

Adjustable speed electrical power drive' systems and their elements should be selected
from those manufactured and tested in aecordance with IEC 61800 (all parts).

the

High-voltage equipment of machinery should be able to operate at supply conditions

des

cribed by the requirements given by IEC TS 62749.

Voltage Steady-state voltage 0,9 to 1,1 of nominal voltage.

Fre

NOTE 1 In case of reduction of voltage below the nominal value, the performance of

machine actuators can be affected.
quency ok i : :

+1 % of nominal frequency continuously;
+2 % short time.
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Har

Voltage unbalance

monics Eosmmenie—distertion et teoenod 0 90 of the loiol oo velioes

The total harmonic distortion (THD) of the voltage should not exceed
of the total RMS voltage between live conductors for the sum of the
through 50t harmonic.

8 %
ond

Neither the voltage of the negative sequence component nor the voltage

of the zero sequence component in three-phase supplies shall exceed

2 % of the positive sequence component.

/olthae-interruntion—-Sunnly—interrunted-—or at zero voltaage for not - more—than 3 mes atlanyu

Voltpge-interruption-Supply—interrupted—or—at—zero—voltage—for—not-more—than3—ms_atrany
random-time-in-the-supply—ecyele—There—shall-be-more-than—-s-betveen

\olthaae dins /Ioltaae dine chall nat eveeed 20 % of the naak valtaae of e cunnlly for

Lolipoocioe Voltagedips-shall-not-exceed-20-%-of-the peak-voltage oL the-supplyfor
Frere—thon s evele there cbheoll be cocrs oo oo bobooco cucongolen
et

NOTE 2 DC voltage characteristics of electrical power supply are under consideration.

4.3.3 On-board power supply

For [special supply systems such as on-board generators, the limits given in 4.3.2 may be

excgeded provided that the electrical equipment is designedfo operate correctly with those

conditions.

4.4 | Physical environment and operating conditions

4.4, General

The| HV equipment shall be suitable for;use in the physical environment and operd

con
and
env

nee

4.4.2 Electromagnetic compatibility (EMC)

Hig

level]s that are appropriate for its intended operating environment. In addition,

HV

it cap functiofin-its intended environment.

Immjunity @nd/or emission tests are required on the electrical equipment unless the follo

con

ditions specified in 4.4.2 to 4.4.8 of IEC 60204-1:2016. There may be additional influe
environmental conditions which are to be taken into account. When the phy
ironment or the operating conditions are outside those specified, an agreement ma

|,.

quipment shall have a sufficient level of immunity to electromagnetic disturbances so

ditigns are fulfilled:

ting
hces
sical
y be

ed between the supplier xand the user (see Annex B to specify the minifnum
reqyirements).

-voltage equipment of machinery shall not generate electromagnetic disturbances alpove

the
that

ving

the incorporated devices and components comply with the EMC requirements for

the

intended EMC environment specified in the relevant product standard (or generic standard

where no product standard exists), and;

the electrical installation and wiring are consistent with the instructions provided by the

supplier of the devices and components with regard to mutual influences, (cab

ling,

screening, earthing, etc.) or with informative Annex H of IEC 60204-1:2016 if such

instructions are not available.

For control systems of HV equipment the basic EMC rules of 9.6 of IEC 61936-1:2010 and
IEC 61936-1:2010/AMD1:2014 apply. For electronic HV equipment (e.g. power converters,
power drive systems) the EMC provisions of the relevant product standard apply.
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4.5 Transportation and storage

Subclause 4.5 of IEC 60204-1:2016 is applicable.

4.6 | Provisions for handling

Heapy and bulky electrical equipment that has to be removed from the machine fortransport,
or that is independent of the machine, shall be provided with suitable means forhandling by
cranles or similar equipment (see also 14.5). Where appropriate, equipment shalt be lab¢lled
to show the correct method of lifting and the maximum weight when fully equipped shal|l be
indigated.

Eladtrical eauinment shall he installed in acecordance wit theVaunnlier's inctructions land
e gqiHCa—egtHpMeRt—Sahr—o e HhSEanea—h—aCcCorGaRCe—wWHAtREe~SUPPHEeS—HRSHUCHORS ARG

;

4.7. General

High-voltage electrical equipment shall be installedNn accordance with the requiremen{s of
Clayse 8 of IEC 61936-1:2010 and IEC 61986*1:2010/AMD1:2014 and the supplier's
instructions in order to:

— @énable the safe access of personnel forQperation and maintenance;
— facilitate fault clearing under safe warking conditions.

Whdgre lighting is installed for HV~equipment, the relevant provisions of 7.2.6 and 152 of
IEC160204-1:2016 are applicable; refer to 18.2.

4.7.2 Assembly and mounting

Whgn the equipment isshot fully assembled for transport, all transport units should be clgarly
marked. Detailed drawings showing assembly of these separated parts should be provjded
with| the equipment~included related wiring and provisions to maintain the integrity off the
equipment in tefis of safety.

5 |Incoming supply conductor terminations and devices for disconnecting ahd

Fwitching off, and means for earthing

5.1 Incoming-supply high-voltage conductor terminations

All terminations for the incoming supply connection shall be clearly identified in accordance
with IEC 60445.

5.2 Earthing terminal of high-voltage equipment

High-voltage equipment shall be provided with an earthing terminal for connection of an
earthing conductor suitable for specified fault conditions.

The connecting point shall be marked with the ‘“protective earth" symbol
IEC 60417-5019:2006-08.
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5.3

5.3.

As

The|supply disconnecting device shall-disconnect{isolate)the—electricak isolate the N

voltgge equipment of the machine from the supply when required (e,g. for work on
machine or its electrical equipment).

NOTHE 1 Disconnectors are capable of opening and closing a circuit only at eitheyhegligible current (a curre
exceg¢ding 0,5 A) or if no significant change in the voltage across the terminals occurs. Therefore disconng

devi

referfto Clause 7.

NOTI 2 HV disconnection implies physical separation (isolation).

Whgn two or more supply—disconnecting—devices’ disconnectors are provided, prote
inteflocks for their correct operation shall be used~where-a so that no hazardous conditio

damfage to personnel or the machine-erto-the-Work-inproegress can occur.

For

condluetors parts by connecting them™ to the earthing system (e.g. for work on

HV

5.3.

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

a)

b)

Supply disconnecting-{iselating) devices and means for earthing
1 General
upply disconnecting device shall be provided for

each incoming source of supply to a machine;

Exception: In the case of on-board generation (for example diesel generator) as the
source of supply, the disconnector is not necessary if the voltage can be reduced to,
maintained at, zero by other means;

hachines;

¢ach on-board power supply if there are more than one generator for the same-supplyl
gxample common busbar).

ges always require associated switches or circuit-breakers for switchipg~hormal operating and fault cur

each incoming HV supply, means shall be provided to earth and short-circuit all

equipment).

p Type

4 switch-disconnector—with-orwithout fuses;

NOTE 1 A switeh-disconnector often is combined with HRC fuses.

3-disconnégting-devicethatis-interlocked disconnector with interlocking to ensure th
g¢annot Gnly be operated-until if an associated switching—device—has—opened or cir|
bhreaker interrupted the load circuit;

3 plug and socket-eutletor—an—apphtance—coupler combination (see 3.33) for a fle

only
and

t ip-ring
gssemblies, flexible cable systems (reeled, festooned), to a machine or a numbgr of
f

(for

igh-
the

t not
cting
ents;

ctive
n or

live
the

at it
cuit-

ible

PR 1 /L 1 —f + Ny bl T ! 4l F ST : ]
CAUTE SUPPTY (€. U TETIEU, TESTOUTTEU ) TU a TTTUDTTIE TTTatT e urtueT  trme TOTTOWITTY CUTTUTUOT

S:

it shall not be possible to connect or disconnect a—pluig—=and-socket-outletoran
apphlanece—coupler plug-socket combination during load conditions or when voltage is

present. The effects of charging currents shall be taken into account;

the—plug—and-socket-outlet-or-the—appliance—coupler plug-socket combination shall be
so connected that the part connected to the incoming power supply is that which is
protected to at least IP 2XH or IP XXBH, when located inside an enclosed electrical
operating area, or to at least IP 4XH or IP XXDH when located outside an enclosed
electrical operating area.

NOTE 2 High-voltage plug-socket combinations are designed according to EN 50181.
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its breaking capacity shall be sufficient to interrupt the current of the

103 and

Isconnect all live conductors fTrom the power supply Circuit.
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If a switch-disconnector (specified in 5.3.2 a)) is used, it shall comply with IEC 62271-102 and

IEC 62271
largest motor under blocked rotor condition together with the sum of the normal operating

currents of all other motors and/or loads. The calculated breaking capacity may be reduced by

the use of a proven diversity (simultaneity) factor.
NOTE For motors supplied by converter(s) or similar devices the maximum operating current of the converter is

The OFF (disconnected) and one ON positions shall be clearly marked with "O" and "I" (see
relevant.

symbols IEC 60417-5008:2002-10 and IEC 60417-5007:2002-10).
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Unintended opening of disconnectors shall be prevented. Depending on the risk assessment,
remote controlled locking systems shall have appropriate safety integrity level (SIL) or
performance level (PL); according to IEC 62061 or ISO 13849-1.

Where a switch-disconnector is combined with HV fuses, the combination shall comply with
IEC 62271-105.

Where fused circuit-switchers are used, the combination shall comply with IEC 62271-107.

Where an external operating means (e.g. handle) is provided it should be BLACK or GREY.
Excgptiom: ftch=ai fon of
emefrgency stop, its actuator shall meet the colour requirements of 10:2M[ of
IEC160204-1:2016.

5.3.4 Means Requirements for earthing and short-circuiting

The|means for earthing shall be capable of withstanding the prospective,short-circuit cufrent
of the supply.

Whgn used, an earthing switch shall comply with IEC 62271-102.

For |nstance, the earthing switch shall

— have a reliable position indicator;

— have an external handle for the earthing function)(this can be the handle also used for
bperating the disconnecting device);

— earth and short-circuit all live conductors toithe earthing system.

it
Tt

o

P

Mechanical locking in the ON positionnand the OFF position should be possible preferably by
padliocks.

Whgn an associated circuit-breaker is used for short-circuiting and for earthing and is lo¢ked
in the closed (and earthed) position;—tecal-as—well-as—remote—opening, unintended manual
andfor opening by the short-circuit current itself shall be prevented. Depending on the|risk
assgssment, remote centrolled locking systems shall have appropriate safety integrity level
(SIL) or performancellevel (PL) according to IEC 62061 or ISO 13849-1.

5.3.5 Arrangement of disconnecting and earthing devices

It is recommended that the supply disconnecting device and the associated earthing switch
are combined in a functional unit of prefabricated metal-enclosed switchgear complying with
IEC 62271-200 or IEC 62271-201. If the earthing switch and disconnector are not assembled
in a functional unit, interlocks shall ensure that

— the earthing switch can only be operated if the disconnecting device is in the open
position, and

— the disconnecting device can only be operated if the earthing switch is in the open
position.
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The operating means of the supply disconnecting and earthing devices shall be easily
accessible and located between 0,6 m and 1,9 m above the servicing level. An upper limit of
1,7 m is recommended.

5.4 Devices for switching off for prevention of unexpected start-up

Devices for switching off for the prevention of unexpected start-up shall be provided (e.g.
where, during maintenance, a start-up of the machine can create a hazard). Devices
described in 5.3.2 may fulfil that function. Disconnectors, withdrawable fuse links or
withdrawable links may also be used for that purpose, but only when located in-an-enclesed a
closed electrical operating area (see 3.13).

Such devices shall be appropriate and convenient for the intended use, shall be\suifably
placed, and readily identifiable (e.g. by a durable marking where necessary).

Means shall be provided to prevent inadvertent, and/or mistaken—clesurg) elosing of| the

disepnnecting-device disconnector (see also 5.6).

Dev|ces that do not fulfil the isolation functionNfor example a contactor switched off by a
confrol circuit, or power drive system (PDS)Vwith a safe torque off (STO) functioph in
accqrdance with IEC 61800-5-2) may only.Be used for prevention of unexpected staft-up
duripg tasks such as:

inspections;

— adjustments;

— work on the electrical equipment where:

4 there is no hazard afising from electric shock (see Clause 6) and burn;
4 the switching off ineans remains effective throughout the work;

4 the work iscof~a minor nature (for example, replacement of plug-in devices without
disturbingteXxisting wiring).

The|selectiomef a device will be dependent on the risk assessment, taking into accoun{ the
intended use-0f the device, and the persons who are intended to operate them.

5.5 | "Devices for disconnecting and means for earthing HV equipment

Devices for disconnecting (isolating) and means for earthing HV equipment or part of it shall
be provided to enable work to be carried out without a risk from electric shock or burn.

The supply disconnecting device together with a means for earthing the relevant circuit (see
5.3) may fulfil these functions. However, where it is necessary to work on individual HV part(s)
of the electrical equipment of a machine, or on one of a number of machines fed by a common
conductor bar or conductor wire system, a disconnecting device together with a means for
earthing shall be provided for each part, or for each machine, requiring separate isolation and
earthing. Where HV capacitors are part of the electrical equipment, discharging means shall
be provided.

Devices described in 5.3 may fulfil these functions. Other means of isolation such as
disconnectors, withdrawable fuse links or withdrawable links, together with a means for
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earthing, may also be used for that purpose, but only when located in an enclosed electrical
operating area.

Exception: If these means, for example a removable collector for crane-disconnection, are not
located in an enclosed electrical operating area, they shall fulfil the following conditions:

— it shall not be possible to remove the disconnecting device during load conditions;

— it shall be so designed that the protective conductor circuit (earthing circuit) is interrupted
only after the live conductors have been disconnected, and the continuity of the protective
conductor circuit is re-established before any live conductor is reconnected;

— ipopen and In closed condition of the removable collector, the conductor bar has,ip be
protected according to 13.8.1.

Such disconnecting devices and means for earthing shall be

— appropriate and convenient for the intended use;
— guitably located;

— rneadily identifiable as to which HV part or HV circuit(s) of the~electrical equipment is
gerved (e.g. by durable marking where necessary);

provided with adequate means to prevent unauthorized, inadvertent, and/or mistaken
¢losure of the disconnecting devices and opening of the means for earthing. Exception:
dee 5.6.

Eleqgtrical equipment such as HV transformers or HY “Capacitors shall be provided |with

additional means of earthing and short-circuiting-adjgcent-to-that-electrical-equipment, exicept

where it is located in the immediate vicinity of the associated switchgear.

NOTE Where the HV equipment (for example the majn circuit-breaker) is part of-a—peowerinstallation 734t HD
837 the distribution switchgear, 8.3 of IEC 61936-1:2040-can apply.

5.6 Protection against unauthorized, inadvertent and/or mistaken operation

The|devices for disconnecting (isolating) and means for earthing described in 5.4 and 5.5(|that
are fapable of being equipped. with means to lock them in the OFF position or disconnefcted
statI or earthed condition. (e;g. by padlocks) in order to achieve protection against

unalithorized, inadvertent, (and/or mistaken operation shall be equipped with such mefans.
Othe¢r means of protection against such operation (e.g. warning labels) may be used where
the non-lockable means.are located in an enclosed electrical operating area.

However, when a.device according to 5.3.2 ¢) (e.g. plug-socket combination) and/or a mg¢ans
for garthing isnsO' positioned that it can be under the immediate supervision of the pefson
carrying outithe work, means for locking need not be provided.

6 Protection against electric shock

6.1 General

The HV-parts—of-the electrical equipment shall provide protection of persons against electric
shock-frem by

— basic protection against direct contact (6.2);

— fault protection against indirect contact (6.3).

The-recommended measures for this protection-are given in 6.2 and 6.3,—which-are-derived

from1EC60364-4-41—andfromHD 637, are a recommended selection from IEC 61936-1
(regardlng h|gh voltage) and from IEC 60364441 (regardmg low- voItage)—WheFe—these
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6.2 Protection against direct contact

Basic protection against direct contact with live parts, parts with insulation for functional
purposes only and with parts which can be considered to have a hazardous potential (for
examples of such parts see-7~4-1-of HBb-637 8.2 of IEC 61936-1:2010) shall be provided as
follows:

a) installations outside enclosed electrical operating areas

Protection against direct contact shall be provided by enclosures with a minimum degree
of protection of IP 4X or IP XXDH, according to IEC 60529.

b)

fProtection against direct contact shall be provided by enclosures or doors or mesh-grids or
harriers to a minimum degree of protection of IP 1X or IP XXAH, according to IE€605629.

accordance with-6-3-ofHB-637 7.3 of IEC 61936-1:2010.

¢ss to HV parts of the electrical equipment shall only be possible by, the: use of a kgy or

Whgre these measures are not practicable, other measures for\protection against djrect
confact (e.g. by placing out of reach, using obstacles) as specified in—7~4-of HB-637 82 of
IEC161936-1:2010 may be applied.

NOTIE For protective measures for conductor wires, conductor bars afd slip-ring assemblies, see 13.8.1.
6.3 | Protection against indirect contact

6.3. General

Fault protegtion against indirect contact is intended to prevent hazardous situations due tp an
insujation fault between live parts and exposed conductive parts.

For each HV circuit or HV part of the electrical equipment, protection against indirect contact
can be achieved by automatic disconnection of the supply preventing the occurrence of a
touch voltage which exceeds the tolerable limited time of fault duration.

NOTE The risk of harmful physiological effects from a touch voltage depends on the value of the touch voltage
and the duration of possible exposure.

These measures necessitate coordination between

— the type of-supphyrand power system (e.g. neutral earthing) and exposed conductive parts
to earth,
— the impedance values of the different elements of the protective bonding circuit, and

— the characteristics of the devices used to detect insulation failure.
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.2 Measures to prevent the occurrence of a hazardous touch voltage for an

unlimited time of fault duration

Measures to prevent the occurrence of a hazardous touch voltage for an unlimited time of

faul

t duration include the following:

selection or design of the supply system and neutral earthing in accordance with-3-4—of

HB-637 4.2 of IEC 61936-1:2010 and IEC 61936-1:2010/AMD1:2014, and

design of the earthing system in accordance with-Clause-9—of HB-637 Clause 10 of

IEC 61936-1:2010 and IEC 61936-1:2010/AMD1:2014.

It is[recommended that a supply system-whichisiselatedrom—-earth—or1s—aesighed Wiy

neeJ@aJ—pem{—haA%g—a—t%qh—wypedaﬂqee—te—eam is used whose neutral point is isolated

earth or is high impedance earthed. An earth fault detection device should be ptovide]

initi

dte an alarm when an earth fault is detected.

NOTE Supply systems isolated from earth include systems without a neutral point such as single-phase sys
deltajconnected systems and DC systems.

6.3.

B Protection by automatic disconnection of supply within alimited time of fau
duration

Autgmatic disconnection of the supply of any circuit affected by the occurrence o
insujation failure within a limited time is intended to prevent/a"hazardous condition resu
from a touch voltage higher than the tolerable touch voltage for an unlimited time of
durgtion.

This| protective measure comprises both

the connection of exposed-conductive-parts to the protective bonding circuit
Clause 8), and

¢ither

insulation failure in a supply system with low-impedance neutral earthing or d
neutral earthing, or

b) the use of earth fault'detection to initiate automatic disconnection of a supply sys

isolated from earth or-designed with-its neutral-point havinga high-impedance to ¢

with high impedatce earthed neutral point.

The|selection/setting,of the device(s) shall be such as to ensure that automatic disconne
of tHe supply takes.place before the touch voltage, arising from an insulation failure, beco

rdous.

NOT Forhazardous touch voltages, see-Clause-9of HBD-637 Clause 10 of IEC 61936-1:2010 and IEC 6
1:20

0/AMDA:2014.

@) the use of devices for the autematic disconnection of the supply in the event Olf an

from
d to

ems,

an
Iting
fault

see

rect

tem
tarth

ction
mes

936-

cnines

The measures described in 6.3.2 and 6.3.3 shall be selected by taking the following into

con

ove

sideration:

system voltage;
length of supply cable;
number of machines connected to the point of supply;

r which there may be little influence, and

type of supply cable;
type of neutral earthing;
value of earth-fault current in a supply system with low impedance neutral earthing.
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General limitations depending upon the type of supply system are given below:

— direct neutral earthing is generally only appropriate for system voltages less than 2 kV.
Automatic disconnection is always required,;

— low impedance neutral earthing may be appropriate for system voltages up to 36 kV and a
cable length up to 4 km. Automatic disconnection is normally necessary;

— isolated neutral-earthing point or high impedance neutral point earthing is appropriate for
system voltages up to 36 kV and a cable length up to 8 km (this length depends upon the
capacitive reactance of all cables connected to the supply). Automatic disconnection is
normally not necessary.

7 Protection of HV equipment

71 General

Clayse 7 details the measures to be taken to protect HV parts of the electrical equipment
against the effects of

— @vercurrent;

— @verheating of motors;
— 4gbnormal temperature;

— agvervoltage due to lightning and switching surges;

— @ther abnormal conditions;

— Ipss of or reduction in the supply voltage;
B e e

— aqverspeed of machines/machine elements;
— earth fault;

— ipcorrect phase sequence;

— g@vervoltage;

— grc faults.

7.2 | Overcurrent protection
7.2.1 General
Ovefcurrent(protection shall be provided where the current in a machine circuit can exg¢eed

either the—rating of any component or the current-carrying capacity of the conducjors,
whigheveriis the lesser value. The ratings or settings to be used are detailed in 7.2.6.

7.2.2 Supply conductors

Unless otherwise specified by the user, the supplier of the HV equipment shall not be
responsible for providing the overcurrent protective device for the supply conductors to the
HV equipment.

The supplier of the HV equipment shall state on the installation diagram the data necessary
for selecting the overcurrent protective device (see 7.2.6 and-18-5-of lEC60204-1 Annex B,
question 15).

7.2.3 Power circuits

Devices for detection and interruption of overcurrent, selected in accordance with 7.2.6, shall
be applied to each live conductor.
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7.2.4 Transformers

Transformers shall be protected against overcurrent in accordance with IEC 60076-5. Such
protection shall (see also 7.2.6)

— avoid nuisance tripping due to transformer magnetizing inrush currents;

— avoid a winding temperature rise in excess of the permitted value for the insulation class
of transformer when it is subjected to the effects of a short circuit at its secondary
terminals.

The type and setting of the overcurrent protective device should be in accordance with the
recdmmendations of the transformer supplier.

For the provision of protection against other abnormal conditions, see 7.10.

7.2.% Overcurrent protective devices

The|rated short-circuit breaking capacity shall be at least equal to the prospective fault
curregnt at the point of installation. Where the short-circuit current to an\evercurrent protegtive
device can include additional currents other than from the supply)(e.g. from motors, from
powgr factor correction capacitors), those currents shall be taken nto consideration.

Ovefcurrent protective devices for power circuits include fusés ,and circuit-breakers.

7.2.6 Rating and setting of overcurrent protectivé-devices

The|rated current of fuses or the setting current of«other overcurrent protective devices ghall
be gelected as low as possible but adequate for the anticipated overcurrents (e.g. dyring
star{ing of motors or energizing of transformers). When selecting those protective devices,
congideration should be given to the protection of switching devices against damage due to
ovefcurrents (e.g. welding of the switching device contacts).

The|rated current or setting of an overcurrent protective device is determined by the cufrent
carrying capacity of the conductors’to be protected by that device in accordance with 13.4.
Tha{ should take into account-the needs of coordination with other electrical devices in the
protected circuit. The recommendations of the supplier of those devices should be followef.

7.3 | Protection of mefors against overheating

Protection of motors_against overheating shall be provided for each HV motor.

Excégption: inSapplications where an automatic interruption of the motor operatiop is
unag¢ceptable; the means of detection shall give a warning signal to which the operator|can
respond(

7.4  Protection against abnormal temperature

Equipment shall be protected against abnormal temperatures that can result in a hazardous
situation.

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

Where a supply interruption or a voltage reduction can cause a hazardous situation, damage
to the machine, or to the work in progress, undervoltage protection shall be provided by, for
example, switching off the machine at a predetermined voltage level.
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Where the operation of the machine can allow for an interruption or a reduction of the voltage
for a short time period, delayed undervoltage protection may be provided. The operation of
the undervoltage device shall not impair the operation of any stopping control of the machine.

Upon restoration of the voltage or upon switching on the incoming supply, automatic or
unexpected restarting of the machine shall be prevented where such a restart can cause a
hazardous situation.

Where only a part of the machine or of the group of machines working together in a
coordinated manner is affected by the voltage reduction or supply interruption, the

underoltageprotection-shall-initiate-appropriate—control commands-to-ensure-co=-ordinatic
g r PrProP .

7.6 | Motor overspeed protection

Ovefspeed protection shall be provided where overspeeding can occur and.ceuld posgibly
cauge a hazardous situation. Overspeed protection shall initiate appropriate eanirol responses
andjshall prevent automatic restarting.

7.7 | Earth fault protection

Earth fault protection shall be provided as described below whemythe earth-fault current|can
be lpwer than the setting of the overcurrent protective devices and unacceptable damade to
the ¢lectrical equipment can occur.

An garth fault monitoring system that is appropriate to/the type of HV supply system injuse
(e.g| system isolated from earth, earthed system) shall be provided. The electrical equipment
or the appropriate section of the electrical equipmeént shall be switched off if the earth fault
exceeds a given current/time value.

The|setting of the earth fault protective devices shall be as low as possible and consigtent
with|proper operation of the electrical eqipment.

Unlgss otherwise specified by the(user, the supplier of the HV equipment is not responsible
for providing the earth fault protective device for the HV supply conductors. The supplig¢r of
the HV equipment shall state.on the installation diagram the data necessary for selecting the
earth fault protective device _(see 7.2.6 and-18-5-ef1EC60204-1 Annex B, question 15).

7.8 | Protection against overvoltages due to lightning and-te switching surges

Equipment shall be protected against overvoltage resulting from switching operations or
lightning that could exceed the withstand values. Since different protection methods are
available, depending on the level of protection to be achieved and the reliability level
required, the method to be used shall be agreed upon between the manufacturer and user;
refer to Annex B.

For lightning protection refer to IEC 62305 (all parts).
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7.9 Protection against hazards due to arc faults

The high-voltage part of the electrical installation shall be designed and installed so that
persons are protected against arc faults during normal operation as described by 8.5 of
IEC 61936-1:2010 and IEC 61936-1:2010/AMD1:2014. The degree of importance of the
measures indicated in IEC 61936-1 shall be agreed upon between the supplier and user (for
example, the IAC classification, according to IEC 62271-200).

7.10

Protection against overpressure and leakage

Prot
tran
of IH

Whe
take

7.11

Prot
IEC

and

The
+He

pction against overpressure and/or leakage of liquid-filled high-voltage equipment sug]
sformers, reactors and switchgear shall be provided as applicable in accordan€g-witH
C 61936-1:2010 and IEC 61936-1:2010/AMD1:2014.

n to prevent environmental damage in the event of leakage.

Protection against fire
pction against fire shall be provided in accordance with~8.7 of IEC 61936-1:2010
61936-1:2010/AMD1:2014 to prevent the occurrence of @ hazardous situation.

Fquipotential bonding

General
se 8 gives requirements for the protectivé’(equipotential) bonding of

he exposed-conductive-parts of the electrical equipment,
he extraneous-conductive-parts of'the machine, and

he earthing system,

use-of the termé ralated to-earthin rotective bondina—in-this nart of IEC 6802(
Se—otthetermsheateato—eartnt otectre—pooha tHHS ot E T BULY

h as

re liquid-immersed equipment is used (e.g. oil insulated transformers),,measures shajl be

and

for supplementary-equipdtential protective bonding (see 8.2.6) as required, in ordgr to
ensure fault protection (against indirect contact). Figure 2 illustrates these concepts.

X
)
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Key

Protective bonding circuit:

Q)
2)
(3)
4)
(3)

Interconnection of protective conductor(s) and the PE terminal

Connection of exposed conductive parts

Protective conductor connected to an electrical equipment mounting plate used as a protective conductor
Connection of conductive structural parts of the electrical equipment

Conductive structural parts of the machine

Parts connected to the protective bonding circuit, which are not to be used as protective conductor:

(6) Metal ducts of flexible or rigid construction
(7) Metallic cable sheaths or armouring
(8) Metallic pipes containing flammable materials
(9) Extraneous conductive parts, if earthed independently from the power supply of the ma€hine and lialjle to
ntroduce a potential, generally the earth potential, e.g.: metallic pipes, fences, ladders, handrails
(10) Flexible or pliable metal conduits
(11) Protective bonding of support wires, cable tray and cable ladders
Conrjections to the protective bonding circuit for functional reasons:
(12) Functional bonding
Refefence designations:
T1 RAuxiliary transformer
U1 Mounting plate of electrical equipment
Hightvoltage equipment
(a) [Equipotential bonding of the high-voltage installation
(b) Protective earthing of low-voltage control equipsient
(c) [Earthing connection of high-voltage equipmeant
(d) HV cable screen bonding
(e) [onnection to conductive structural parts of the machine
(f) Interconnection to low-voltage edrthing system
(g) Machine bonding conductor
(h) [Earthing system of instaltation (building)
NOTI The out-of-reach distance of 2,5 m refers to IEC 60364-4-41.
Lottt —sretoc i —ooimdiebors op the clocirlenl condonnont of Hho paeelins cnc ol chenn oo flenenl Do
HEC-40204-1)-
Higures2'— Example of equipotential bonding for electrical equipment of a maching

8.2

| Protective bonding circuit

8.2.1 General

The protective bonding circuit consists of (see Figure 2)

the machine bonding conductor(s);

the protective conductors of the electrical equipment of the machine, including sliding

contacts where they are part of the circuit; and

the—egquipotential protective bonding conductors connected to the structural parts of the
electrical equipment and to the structural parts of the machine (equipotential bonding on

the machine).

On mobile machines with on-board power supplies, the protective bonding circuits, the
exposed-conductive-parts, and the extraneous-conductive-parts shall all be connected to a
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protective bonding terminal to provide protection against electric shock. When a mobile
machine is also capable of being connected to an external incoming supply, the protective
bonding terminal shall be the connection point for the external protective conductor.

NOTE 1 When the supply of electrical energy is self-contained within stationary, mobile, or movable items of
machinery, and when there is no external supply connected (e.g. when an on-board battery charger is not
connected), there is no need to connect such electrical equipment to an external protective conductor.

All parts of the interconnected protective bonding circuits for the HV equipment and the LV
equipment shall be so designed that they are capable of withstanding the highest thermal and
mechanical stresses that can be caused by single or double earth-fault currents that could

flowdp-anyvpart of the protective bonding-circuits
P L ~J

NOTIE 2 Details on how to fulfil this requirement are given in-8-4ofHD 637 10.2.3 of IEC 61936-1:2040 0¢in|6.1.1
of EN 50522:2010.

The|structural parts of the machine shall be individually connected to the protective bonding
circyit.

Any|structural part of the electrical equipment or of the machine may.be used as part of the
protective bonding circuit provided that it satisfies the requirements 6f IEC 60364-5-54.

NOTE 3 As guidance for the design of earthing or bonding conductors, the cyrrent density in the conductor} if of
coppgr, does not exceed 200 A/mm? for a rated duration of short circuit of# §7and 125 A/mm? for a rated dufation
of shprt circuit of 3 s. A method of calculating cross-sectional areas of condtictors is given in IEC 60724.

8.2.2 Protective conductors

Protective conductors shall be identified in accordance with 14.2.

Copper conductors—sheould—be—used are preferred. Where a conductor material other fhan
copper is used, its electrical resistance per\unit length shall not exceed that of the allowable
copmer conductor and such conductors sfall be not less than 16 mm?2 in cross-sectional hrea

for feasons of mechanical durability<$he—conductor—material- shall-be—selectedtakingtinte

Due| to mechanigal” strength and stability against corrosion, minimum cross-sectiong of
protgctive conduetors are:

— qoppek: 16 mm?2

—  3lufmimium: 35 mm?2

+ 1 = 2
- SLECI. QU TTITI

NOTE Where the connection to an external installation earthing system using such a value is not sufficient to
provide protection against indirect contact, the calculation of cross-sectional area of the bare conductor according
to Annex D of EN 50522:2010 applies.
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}
At o ofraaf 3o

of 80 °C |n ghﬁr\r(xlanﬁn \nufh fah!eAEn

8.2.

All
con

B Continuity of the protective bonding circuit

exposed-conductive-parts of the electrical equipment and theymachine(s) shal

routine maintenance), the protective bonding circuit for the remaining parts shall no

inte

]wected to the protective bonding circuit. Where a part is removed for any reason

rupted.

Conpection and bonding points shall be so designed that their’current-carrying capacity is

imp
con

aired by mechanical, chemical, or electrochemical (influences. Where enclosures

givep to the problems of electrolytic corrosion.

be

e.g.
I be

not
and

ductors of aluminium or aluminium alloys are used, particular consideration should be

Metal ducts of flexible or rigid construction,<metallic cable sheaths and busbar trunking
systems shall not be used as protective conductors. Nevertheless, such metal ducts and
metal sheathing of all connecting cables* (e.g. cable armouring, lead sheath) shal

con

ected to the protective bonding circulit.

Doors, lids or cover plates on which devices (e.g. operator interface devices) are mou

sha

For

I} be connected to the protectivé bonding circuit by a protective conductor.

machines, for example~mobile machines, where the connection to the earthing syj

(maghine bonding conductor) is provided solely by flexible cables, the continuity of
protective conductor(shall be-assured ensured by appropriate design of the cable (see 1

Whgre there is a possibility that the cable and hence the machine bonding conductor cp

bec
bon

ome damaged\(e.g. a trailing cable dragged on the ground), the continuity of the prote
ing circuit~shall be monitored (see question 13 in Annex B). The HV supply to

electrical equipment of the machine or to the relevant part of the machine shall be swit

off

the
be

nted

tem
the
B.7).
uld
ctive
the
hed

hen loss of continuity of the protective bonding circuit is detected, or

when failure of the monitoring means occurs.

For requirements for the continuity of the protective bonding circuit using conductor wires,

con

ductor bars and slip-ring assemblies, see 13.8.2.

324 Exelusion of switching devices from.t! ive_bonding cireui

The protective bonding circuit shall not incorporate a switching device, an overcurrent
protective device (e.g. switch, fuse)-era-meansforcurrent-detection-forsuch-devices so that
continuity of the earthing path is not interruptible and any metallic parts that may be touched
during normal operation remain connected to the equipotential bonding and earthing system.
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Exception: links that can only be opened with the use of tools (e.g. for measuring and testing
purposes) and that are located in an enclosed electrical operating area may be provided for
test or measurement purposes.

8.2.4 Mobile machines

Whgre the continuity of the protective bonding circuit can be interrupted by meang of
removable current collectors or plug-socket combinations, the protective bonding cireuit shall
not |be interrupted before the live conductors have been disconnected, and shall bg re-
estaplished before any live conductor is reconnected. This also applies to jyemovablg or
withgrawable plug-in units (see also 14.4).

1%

Metallic housings of plug-socket combinations shall be connected to the\protective bonding
circyit.

8.2.5 Protective bonding circuit connecting points

All protective conductors shall be terminated in accordance with 14.1.1. The prote¢tive
condluctor connecting points shall have no other function and shall not be used, for example,
to mechanically attach or connect-appliances components-or parts.

Each connecting point for

— protective conductors inside the electrical equipment of the machine,
— the-equipotential protective bonding conductors on the machine (see Figure 2),
— the machine bonding conductor(s) (se€ Figure 2),

shall be identified as such using thessymbol IEC 60417-5019:2006-08 (see Figure 3).

Figure 3 — Symbol for protective earth (protective ground)

8.2.6 Supplementary-egquipotential protective bonding conductors

Supplementary—eguipotential protective bonding conductors shall be used to conneci| the
protective bonding circuit of the machine to the structural metalwork of the building when such
metalwork is in close proximity (e.g. less than 2,5 m) to the machine. These conductors shall
conform to Cause 544 of IEC 60364-5-54:2011 as appropriate. The cross-sectional area of a

: supplementary protective bonding conductor shall be not less
than half the cross-sectional area of the associated machine bonding conductor and shall be
not less than that specified in 8.2.2.

9 Control systems, control circuits and control functions

For control, protection and auxiliary systems of HV equipment the relevant subclauses of
Clause 9 of IEC 61936-1:2010 and IEC 61936-1:2010/AMD1:2014 apply. Control, protection
and auxiliary devices shall ensure the correct and safe functioning of the HV equipment; and
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provide protection against the effects of unacceptable overload and any internal and external
fault conditions.

Facilities shall be provided for isolating the control circuits in order to allow maintenance of
high-voltage equipment to be performed safely. Provisions shall be made to allow for repair,
maintenance, and/or testing to be carried out on control, protection and auxiliary devices
without any danger to personnel or the equipment. Alarm and fault-indicating equipment shall
clearly indicate danger and fault conditions.

For the control circuits the requirements of Clause 9 of IEC 60204-1:2016 apply except where
the controlcircuits—are—covered-by other-standards—Control circuits—direc connectgd to
hightvoltage circuits (e.g. thyristor gate circuits) shall be electrically separated from, [low-
voltage circuits by the use of an interface technique such as optical coupling or transformer
coupling.

Cabl|eless control systems used in electrical equipment shall comply with IEC(62745.

10 Operator interface and machine-mounted control devices

The| requirements of Clause 10 of IEC 60204-1:2016 apply, bdt the minimum degreg of
protection against direct contact shall be IP 4X or IP XXDH for operator interface |and
machine-mounted control devices (see also 6.2 for protection<gainst direct contact).

11 Electronic equipment

Thejrequiremenisof clause 11 of IEC 680204-1 apphy-

NOTE Basicre
NIHHE—DBASHCH

H H Wef t HOF

HV ¢lectronic equipment, for example\¢onverters, power drive systems, shall comply with their
releyant standards, for example, NEC 61800 (all parts) for power drive systems.

For |static converters refer also to 6.2.14 of IEC 61936-1:2010. Where no specific standprds
for glectronic power equipment exists, EN 50178 provides basic requirements.

12 Controlgear:(location, mounting, and enclosures

12.1 General/requirements

All dontrelgear shall be located and mounted so as to facilitate

— ifsh\accessibility and maintenance;

— its protection against the external influences or conditions under which it is intended to
operate;

— operation and maintenance of the machine and its associated electrical equipment.
12.2 Location and mounting
12.2.1 Accessibility and maintenance

All items of controlgear shall be so placed and oriented that they can be identified without
moving them or the wiring. For items that require checking for correct operation or that are
liable to need replacement, these actions should be possible without dismantling other
electrical equipment or parts of the machine (except opening doors or removing covers).
Terminals not associated with controlgear shall also conform to these requirements.
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All controlgear shall be mounted so as to facilitate its operation and maintenance from the
front. Where a special tool is necessary to remove a device, such a tool shall be supplied.
Where access is required for regular maintenance or adjustment, the relevant devices should
be located between 0,4 m and 2 m above the servicing level. It is recommended that terminals
be at least 0,2 m above the servicing level and be so placed that conductors and cables can
be easily connected to them.

Only those devices necessary for operator interface purposes (for example operation,
indication, measurement) and for cooling may be mounted on doors and on normally
removable access covers of enclosures.

Whete control devices are connected through plug-in arrangements, their association shah be
made clear by type (shape), marking or reference designation, singly or in combination [see
13.4.5 of IEC 60204-1:2016).

Tes{ points, where provided, shall be

— rhounted so as to provide unobstructed access;

— ¢learly marked to correspond with the documentation (see 17.2 of IEC 60204-1:2016);
— adequately insulated;

— gufficiently spaced for connection of the test equipment or,means.

12.2.2 Physical separation

Enclosures containing HV equipment shall not containyLV equipment and non-electrical parts
except where they form an integral part of the HV ‘equipment and are essential for its cofrect
opetfation.

HV gwitchgear adjacent to LV equipment shall"be:

— metal-enclosed and-eapable—sof designed to withstanding an internal arc-fault accordirg to
1.9, and distinguishable from LV equipment by clear marking or

— 4degregated by earthed metallic partitions (tubes, walls) or by insulating partitions of
protection category PB accetding to IEC 62271-201.

Whgn arranging the location of devices (including interconnections), the clearances |and
cregpage distances specified for them shall be maintained, taking into account the extarnal
influences or conditions of the physical environment (seetEC6007+-4+andEC60041-2
IEC|61936-1).

12.3 Degrees of protection

The|protection of controlgear against ingress of solid foreign objects and of liquids shall be
adequatetaking into account the external influences under which the machine is intenddd to
opelate (i . location and the ohvsical environmental conditions) andshall be suffidient
against dust, coolants, and swarf.

NOTE 1 The degrees of protection against ingress of water are covered by IEC 60529. Additional protective
measures-may can be necessary against other liquids.

Enclosures of controlgear shall provide a degree of protection of at least IP 22 (see
IEC 60529).

Exception: Where an electrical operating area is used as a protective enclosure for an
appropriate degree of protection against the ingress of solid bodies and liquids.

NOTE 2 Other degrees of protection-may can be needed for protection against electric shock, see Clause 6.
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12.4 Enclosures, doors and openings

Enc

elecfrical and thermal stresses as well as the effects of humidity that ‘are likely tqg
encountered in normal service.

Fas

shall be of a material suitable to withstand chemical attack and mechanical stress compar

osures shall be constructed using materials capable of withstanding the“mechan

eners used to secure doors and covers should be of the captive-type. Inspection wing

ical,
be

ows

able

to that of the enclosure. Precautions shall be taken to prevent the'formation of a static charge

on the windows, which may lead to a hazardous situation, either by adequate clearanceg
elecfrostatic shielding, for example wire mesh placed on theninside of the window and bor
to the enclosure.

It is

type], with an angle of opening of at least 95°.

The
effe
mai
ope

All dpenings in the epclosure, including those towards the floor or foundation or to other
of the machine, shall’ be closed by the supplier(s) in a manner ensuring the degre
protection specified for the electrical equipment. Openings for cable entries shall be e
reogened on sjte. A suitable opening may be provided in the base of enclosures within
machine so that moisture due to condensation may drain away.

Thefe{shall be no opening between enclosures containing electrical equipment
comhariments Pnnfnining caoaolant I||hrir'nfing ar hydranlir fluids or those into which ail _d

degree of protection.

recommended that enclosure doors should havewertical hinges, preferably of the lif

cts of the aggressive liquids, vapours, or gases used on the machine. The means use
:I:tain the degree of protection of an enclosure on doors, lids, and covers that reg
ing or removal for operation or maintenance shall

e securely attached to either the door/cover or the enclosure;

not deteriorate due to removal or replacement of the door or the cover, and so impai

s or
ded

t-off

joints or gaskets of doors, lids, covers’and enclosures shall withstand the chenical

d to
uire

the

arts
e of
asily
the

and

ther

liquids, or dust can penetrate. This requirement does not apply to electrical devices

spe
equ

cifically designed to operate in oil (e.g. electromagnetic clutches) or to elect
ipment in which coolants are used.

rical

Where there are holes in an enclosure for mounting purposes, care shall be taken so that
after mounting, the holes do not impair the required protection.

Electrical equipment that, in normal or abnormal operation, can attain a high surface

tem

perature

shall be located within an enclosure that will withstand such temperatures as may be

generated, and
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— shall be mounted and located at a sufficient distance from adjacent equipment so as to
allow safe dissipation of heat (see 11.2.3 of IEC 60204-1:2016), or shall be otherwise
screened by material that can withstand the heat emitted by the electrical equipment.

Accessible parts expected to be touched in normal operation shall not exceed 70 °C.

12.5 Access to HV equipment

Access to maintenance and operating areas of HV equipment shall be in accordance with-6-5
of HD-637 the relevant subclauses of 7.5 of IEC 61936-1:2010.

13 Conductors and cables

13.1 General requirements

Confuctors and cables shall be so selected as to be suitable for the operating/conditions (e.g.
voltage, current, presence of harmonics, protection against electric shock, grouping of cables
and|method of laying) and the external influences (e.g. ambient temperature, presence of
watgr or corrosive substances), mechanical stresses (including stre§sés during installatjon),
fire hazards that can exist.

In stipply systems with direct or low impedance earthing of the-neutral, all types of cable may
be used if an earth fault is interrupted within 1 s.

NOTE 1 s is a standard value; other short-circuit durations are-p8ssible; refer to 4.2.4 of IEC 61936-1:201( and
IEC 41936-1:2010/AMD1:2014.

In stipply systems with the neutral point isolated ‘'or resonantly earthed, all types of radial [field
cable may be used when the estimated duration of any earth fault does not exceed (8 h.
Whdre the estimated duration of any earthfault exceeds 8 h, a radial field cable of the hext
highler voltage rating shall be used (see Annex C). The recommendations of the cable supplier
shodld be followed.

Thesge requirements do not apply tothe integral wiring of assemblies, which are manufactpred
and jtested in accordance with relevant standards.

13.2 Conductors

In general, conductars should be of copper. Conductors of another material shall haye a
nomjinal cross-sectional area such that, when carrying the same current, the maximum
conductor temperature shall not exceed the value given in Table 1.
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Table 1 — Maximum allowable conductor temperatures
under normal and short-circuit conditions

plate¢d or nickel-plated because neither tinned nor bare conductors are suitable above 200 °C.

Type of insulation Maximum temperature under Ultimate short-time temperature
normal conditions under short-circuit conditions?
°C °C
Polyvinyl chloride 70 160
(PVC) (< 300 mm?)
Cross-linked polyethylene
(XLPE) 90 250
Ethyllene-propylene compound b b
(EPR/HEPR) 80 to 90 250
For [ultimate short-time conductor temperatures greater than 200 °C, copper conductors shall beyeither sijver-

a

b

These values are based on the assumption of adiabatic behaviour for a period of not more than 5 s.

Consultation with the cable manufacturer is required.

To v

13.3 Insulation and sheath materials

The

— polyvinyl chloride (PVC);
— gross-linked polyethylene (XLPE);
— ethylene propylene compound (EPR/HEPR).

Whgre the material of the insulation%r the sheath of a cable (e.g. PVC) can const

haz
sho

The
insu
cabl

Whgre applicable, -the requirements of-5-2.9eof HBb-637 6.2.9 of IEC 61936-1:2010

IEC

13.4 Current-carrying capacity in normal service

The

types of insulation and sheath materials include {(but are not limited to)

Id be sought from the cable supplier.

mechanical strength (and thickness of the materials shall be so selected that
Lation and the sheath .cannot be damaged in operation or during laying, especially
s pulled into ducts;

61936-1:2010/AMD1:2014 apply.

ithstand the electrodynamic and thermal effects of short-circuit currents, the dimensjons
of conductors shall be calculated according to IEC 60865-1.

tute

rds due to the propagation of a fire or the emission of toxic or corrosive fumes, guidance

the
for

and

curfent-carrying capacity of conductors and cables is determined by both

— the maximum allowable conductor temperature under the highest possible steady-state
current or the thermal equivalent RMS current for intermittent duty applications, and

-t

he ultimate allowable short-time conductor temperature under short-circuit conditions.

The cross-sectional area of a conductor shall be such that, under these conditions, the
conductor temperature does not exceed the value given in Table 1, unless otherwise specified
by the cable supplier.

The cable supplier shall be consulted for details of the current carrying capacities of cables
for all continuous duty and intermittent duty applications.
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13.5 Conductor and cable voltage drop

The voltage drop from the point of supply to the load shall be such that the correct operation
of the electrical equipment is not affected by undervoltage. However, the overvoltage during
no-load operation shall not damage the electrical equipment.

13.6 Minimum cross-sectional area

The cross-sectional area of the conductors shall be selected according to 13.1 and 8.2.2.

13.7__Flexible cables

13.7.1 General

Cables that are subjected to severe duties shall be of adequate constructionyto prdg
against

NOTE 1 Cables for such conditions are specified in relevant national standards.

NOT

Each flexible cable for the HV power supply for thé/electrical equipment of a mobile mac
shall contain a protective conductor; see also 8.2:3. The cross-sectional area of the prote
conductor shall be determined in accordance with Clause 8. If the cross-sectional area
leasf 25 mm2, the protective conductor may e divided into several conductors of equal cr
sectjonal areas within the flexible cable.

13.7.2 Mechanical rating

The|cable handling system of the. machine shall be designed to keep the tensile stress o
conductors as low as is practicable during machine operations. Where copper conductorg
used, the tensile stress shallnot exceed 15 N/mm?2 of the copper cross-sectional area. W
the [demands of the application exceed the tensile stress limit of 15 N/mm2, cables
speg¢ial construction features should be used and the allowed maximal tensile strength sh
be agreed with thecable manufacturer.

Thelallowed maximum stress of conductors of flexible cables with material other than co
should be agreed with the cable manufacturer.

Ploste e lee e conelitone o fn e e Dol clenee ol e comdlie lonn

gbrasion due to mechanical handling and dragging across rough surfaces,;
Kinking due to operation without guides;

gtress resulting from guide rollers and forced guiding, being wound and re-wound on ¢
drums.

tect

able

F 2 The operational life of the cable will be reduced where unfavourable operating conditions such as| high
tensile stress, small radii, bending into another plane and/or frequeft duty cycles coincide.

hine
ctive
s at
0SS-

the
are
here
with
ould

bper

) ) ¢ :
 quiding:
%"g’n—e‘f—ea‘b‘l’e—dmm—s—y‘s{‘e‘m—. O

13.7.3 Current-carrying capacity of cables wound on drums

Cables to be wound on drums shall be selected with conductors of such cross-sectional area
that, when fully wound on the drum and carrying the normal service load, the maximum
allowable conductor temperature is not exceeded.
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For cables of circular cross-sectional area installed on drums, the maximum current-carrying
capacity in free air should be de-rated in accordance with Table 2—(see—also—<clause44of
=0 2080 20,

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

Table 2 — De-rating factors for cables wound on drums

Number of layers of cable

Drum type
Any number 1 2 3 4
Cylipdrical ventilated - 0,85 0,65 0,45 0,35
Rad|al ventilated 0,85 - - - v
Rad|al non-ventilated 0,75 - - - -

The

NOT
flan

result in other factors being used.

apeftures, as ventilated.

use of de-rating factors should be discussed with the cable and the cable drum manufacturers. This

es; if fitted with solid flanges, the drum is described as non-ventilated and\if\the flanges have suit

E 1 A radial type drum is one where spiral layers of cable are accommodated, between closely spaced

may

lable

NOTE 2 A ventilated cylinder drum is one where the layers of cable are agcommodated between widely spaced

flanges and the drum and end flanges have ventilating apertures.

13.8§ Conductor wires, conductor bars and slip-ring-assemblies

13.8.1 Protection against direct contact

Confuctor wires, conductor bars and slip-ring assemblies shall be so installed or enclgsed

that] during normal access to the machine\protection against direct contact shall be achig¢ved

by the application of one or a combinatieh*of the following protective measures:

— protection by enclosures or barriers of at least IP 4X or IP XXDH according to IEC 60529
{see-also-412.2 of IEC 60364-4-41);

— protection by placing out-of-reach (see-7~-+2-of Hb-637,4124 of |IEC60364-4-41 8.2|1 of
IIEC 61936-1:2010).

Whgre protection is aghieved by placing live parts out of reach, emergency switching gff in

accqrdance with 9.2.3.4.3 of IEC 60204-1:2016 shall be applied.

Confductor wiresand conductor bars shall be so placed and/or protected as to

— pgrevent=contact, especially for unprotected conductor wires and conductor bars, |with
g¢onductive items such as the cords of pull-cord switches, strain-relief devices and drive

q

hain's;

— prevent damage from a swinging load.

13.8

.2 Protective bonding circuit

Where conductor wires, conductor bars and slip-ring assemblies are installed as part of the
protective bonding circuit, they shall not carry current in normal operation.

The continuity of the parts of the protective bonding circuit using sliding contacts shall be
ensured by taking appropriate measures (e.g. by duplication of the current collector,

cont

inuity monitoring).
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13.8.3 Protective conductor current collectors

Protective conductor current collectors shall have a shape or construction such that they are
not interchangeable with the other current collectors. Such current collectors shall be of the
sliding contact type.

13.8.4 Clearances in air

Clearances between the respective conductors, and between adjacent systems of conductor
wires, conductor bars, slip-ring assemblies and their current collectors shall be suitable for

A AP e—-wHhstahadvoltage—shown abie e o—600 cen aHwith
able¢1-of HD-637) the standard insulation levels shown in Table 1 of IEC 61936-1:201T6.|The
clearances shall correspond to the following values assigned to a highest volage for
equipment:

— nated short-duration power-frequency withstand voltage;

— tfated lightning impulse withstand voltage. Select the lowest value (formerly “list 17) where
the table lists several lightning impulse withstand voltages.

13.8.5 Creepage distances

The| manufacturer's recommendations shall be. followed regarding special measure$ to
prevent a gradual reduction in the insulation values due to unfavourable ambient condifions
(e.g| deposits of conductive dust, chemicalgattack). For this purpose one of the follofing
polldtion levels, listed in Table 3, shall be s¢lected:

Polltition level O: Pollution inside@@ fully encapsulated compartment or enclosure, which
shall comply~with a degree of protection of minimum IP 54; i.e| no
contaminatieh can occur. Pollution, for example caused by the wear of
sliding Ltontacts, shall be cleaned in the cycles established by| the
mandfacturer. If condensation can occur with these syst¢ms,
measures shall be taken against moisture.

Polllition levels 1 to 4.srefer to definition in Table 1 of IEC 60071-2:1996.

Conjpletely enclgosed slip ring assemblies should meet at least the requirements for poll§tion
leve] 0 in accordance with Table 4.
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Table 3 — Selection of the pollution level

depending on the degree of protection and insulator material

Insulator type

Degree of protection for conductor wires,
conductor bars and slip-ring assemblies

Indoor/Outdoor
IP 54 or higher

Indoor/Outdoor
IP 10 to IP53

Indoor
IP 00

Outdoor
IP 00

glass or ceramic
indoor/outdoor

pollution level 0 to 4

pollution level 1 to 4

pollution level 1 to 4

pollution level 1 to 4

polymer material

pollution level 0 to 4

pollution level 1 to 4

pollution level 1 to 4

pollution level 1 to 4

permissible for pollution
level 4)

designed for

outdpor use

polyer material pollution level 0 to 42 | pollution level 0 to 3 pollution level 1 to 4 | not permi§Sible
designed for shall be increased by

indopr use one level (not

a

or example, a slip ring of a cable drum protected IP 54 mounted outside a crane.

Creg¢page distances for pollution level 0 shall be not less thandhe "values given in Tah
unless the insulator is designed according to IEC 60273 and tested according to IEC 6066(0.

Table 4 — Minimum creepage distance of conductor lines

and slip ring assemblies

le 4

Nlominal Highest Minimum créepage distance for pollution level
volltage of voltage for
gupply equipment 0 1 2 3 4
U]l (RMS) U,, (RMS)
kV kV mm mm mm mm mm
L-L L-E L-L L-E L-L L-E L-L L-E L-L I-E
3 3,6 60 66 100* 60* 125 73* 156 91* 193 112>
6 7,2 87 60 200 116* 249 144 312 181 387 424
10 12 144. 90 333 193 416 241 520 301 644 372
15 17,5 210 122 485 281 606 350 758 438 940 943
20 24 288 167 665 384 831 480 1039 600 1289 145
30 36 432 250 998 577 1247 | 720 1559 901 1933 | 11117
36 41,5 498 288 1150 664 1438 | 831 1797 | 1038 | 2228 | 1[287
Creppage distagees of pollution levels 1 to 4 are used for indoor and outdoor applications. Values marked pith
“*” are for jndoder use only and have to be increased to 120 mm in case of outdoor use.
NOTE( LColumns “L-L” means line-line values (between phases), “L-E” means values for line-earth. .

13.8.6 Conductor system sectioning

Where conductor wires or conductor bars are arranged so that they can be divided into
isolated sections, suitable design measures shall be employed to prevent the energization of
adjacent sections by the current collectors themselves.

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

Conductor wires, conductor bars and slip-ring assemblies used for HV power circuits shall be
grouped separately from those used for LV circuits.
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Conductor wires, conductor bars and slip-ring assemblies shall be capable of withstanding,
without damage, the mechanical forces and thermal effects of short-circuit currents.

Removable covers for conductor wire and conductor bar systems laid underground or
underfloor shall be so designed that they cannot be opened without the aid of a tool.

Where conductor bars are installed in a common metal enclosure, the individual sections of
the enclosure shall be bonded together and earthed at several points depending upon their
length. Metal covers of conductor bars laid underground or underfloor shall also be bonded
together and earthed.

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

Undgrground and underfloor conductor bar ducts shall have drainage facilities.

14 Wiring practices

14.1f Connections and routing
14.1.1 General requirements

The|means of introduction of a HV cable with its glands, ‘bushings, etc., into an enclopure
shall ensure that the degree of protection of the enclosure-is not reduced (see 12.3).

All dgonnections shall be secured against accidental’Joosening. The means of connection ghall
be duitable for the cross-sectional area and nature of the conductor being terminated. If] the
casg of aluminium or aluminium alloy conductors, particular consideration shall be givegn to
the problems of intrinsic plasticity (flowing) and electrolytic corrosion. Screw and compression
joints of conductors and connections to electrical equipment shall be designed to maintairn the
required contact pressure under load ahd short-circuit conditions. The recommendations of
the ¢able supplier shall be followed regarding types of gland, box and methods of terminatjion.

Identification tags shall be fixedion the cable at the cable terminations, and shall be legjible,
permanent, and appropriate for.the physical environment.

14.1.2 Cable runs

Cables shall be so(installed or protected as to minimize the possibility of mechanical damage
that|may arise due 1o the use of the machine or by foreseeable misuse.

The|bending.radius of the cables and the conditions of laying shall be in accordance with the
advice of-the cable supplier.

Wh HF s ol 4 <l 4 lal L £ 1 4 £ 4
T TU T TITLTSodly TU UToLUTITTITUL alTu TTULUTITITULT LaUTTo (T TUT TCUIAUTITITTTU UT a 111 tor y

sufficient extra length shall be provided for this purpose.

Conductors and cables shall be adequately supported. In particular the terminations of cables
shall be adequately supported to prevent mechanical stresses at the terminations of the
conductors.

Cables shall be run from termination to termination without splices or joints. Where this is
impracticable (e.g. on mobile machines, on machines having long flexible cables), splices or
joints may be used.

High-voltage cables should be physically separated from low-voltage cables.
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14.2 Identification of conductors

Conductors shall be identifiable at each termination in accordance with the technical
documentation (see Clause 18). Annex B, question 29 may be used for agreement between
supplier and user regarding a preferred method of identification.

Where the protective conductor cannot be easily identified by its shape, position, or
construction, it shall be clearly identified at accessible positions by the graphical symbol
IEC 60417-5019:2006-08 or by the bicolour combination GREEN-and-YELLOW.

NOTE__National deviations can apply regarding the colour to identify the protective conductor.

14. Flexible cables

Flexible cables subject to movement shall be supported in such a way thatCthere is no
mechanical strain on the anchorage points or any sharp flexing. Where this is achieved by the
use |of a loop, it shall have sufficient length to provide for a bending radius of the cable ¢f at
least 10 times the diameter of the cable unless otherwise specified.

The|connecting ends of the cables shall be relieved from stress and) thrust. Cable sheaths
shall be secured against stripping and the cable ends protected against torsion.

The| points of connection shall be arranged in such a manner that the cables cannof be
kinked.

Flexjble cables of machines shall be installed or protegted so as to minimize the possibility of
external damage due to factors that include the follewing cable uses or foreseeable misuseg:
— heing run over by the machine itself;

— heing run over by vehicles or other machines;

— ¢oming into contact with the machine3structure during movements;

— 1unning in and out on cable baskets, or on or off cable drums;

— acceleration forces and wind forces on festoon systems or suspended cables;
— @xcessive rubbing by cable’collectors;

— gxposure to excessive.radiated heat.

Thelcable sheath shall\be resistant to

— the normal wéar which can be expected from movement, and
— the effects 0f atmospheric contaminants (e.g. oil, water, coolants, dust).

The|cabte handling system shall be so designed that lateral cable angles do not exceed 5°,
avoiding torsion in the cable when

— being wound on and off cable drums, and
— approaching and leaving cable guidance devices.

Measures shall be taken to ensure that at least two turns of flexible cable remain on a drum.

The allowable cable bending radius shall be ensured, unless otherwise agreed with the cable
manufacturer, as follows:

— Cable drums and rollers shall be used which ensure that the operative winding diameter is
at least 25 times the cable diameter. The minimum radius at the guide and deflector
pulleys as well as towards the stationary cable termination point shall not be, in any
direction, less than 15 times the cable diameter. The straight distance between two bends
of an S-shaped deflection or a deflection to another level shall be at least 20 times the
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cable diameter. The minimum bending radius at the feeding points which are within the
travel way shall be at least 15 times the cable diameter.

— For roller conveyors, the distance between the individual rollers shall be so set as to avoid
excessive bending at a roller. This applies especially under conditions of high travel
speeds, frequent reversed bending and usage at the maximum permissible tensile stress
of the conductors.

These requirements also apply to similar devices, for example mobile cable supports, cable
carriages.

14.4Plug-socket combinations

Plug-socket combinations which remain connected during normal service shall be

— ¢f the retaining type requiring the use of a key or tool to preventCunintended
disconnection, or

— ¢f a type interlocked with a switch to prevent disconnection under load.

In cases where plug-socket combinations are required, for example to-extend a flexible power
supply cable, they shall be retained in a way requiring the use_6f a key or tool and |it is
recdmmended that, in addition, they be interlocked with a switch.

The| plug-socket combination shall meet the requirements. ¢6f 5.3.2 c). Appropriate warning
signg in accordance with 17.2 shall be affixed to the plug-socket combination. Approptfiate
instructions for safe use shall be provided in accordance with Clause 18.

14.5 Dismantling for shipment

Whdgre it is necessary that wiring be disconnected for shipment, termination points or plug-
socKet combinations shall be provided at.the“sectional points. Such termination points ghall
be sguitably enclosed and plug-socket combinations shall be protected from the physical
environment during transportation and_storage.

14.6 Cable trays
Cab|e trays shall be rigidly-'supported and positioned at a sufficient distance from mqving
parts and in such a manner-as to minimize the possibility of damage or wear. In areas where

humfn passage is requited, the cable trays shall be mounted at least 2 m above the working
surface.

15 Electric motors and associated equipment

15.1 General

Eledtrie”motors should conform to the relevant parts of the IEC 60034 series. In all dther
respects the requirements of Clause 14 of IEC 60204-1:2016 apply.

NOTE Motors in supply systems with isolated neutral point or resonant earthing sometimes need a higher
insulation level; see 7.4 of IEC 60034-1:2017.

15.2 Motor connection boxes

Motor-mounted devices, for example brakes, temperature sensors, plugging switches,
tachometer generators, shall be terminated either
— in a connection box separate from the motor connection box, or

— in a compartment of the motor connection box separate from the high-voltage
terminations.
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16 Means to protect persons working on electrical i\é‘éllations

N

16.1 General (( O

Accégssories for earthing and short-circuiting all Ii@ arts to the earthing system (see

5.5)

whigh are appropriate for the HV equipment shalkbe provided in sufficient quantity to faciljtate

worlf being carried out in safety on the live p of the HV equipment of the machine
Anngx B). <&
&

It isjrecommended that the working p dures are agreed upon between the manufacf
and [the user. Means for safe workingﬁﬂ the vicinity of live HV equipment shall be approp
and |adequate for the present rist}'@nd shall be in accordance with 8.4 of IEC 61936-1:3
and|lEC 61936-1:2010/AMD1:20§. .

N
16.2 Equipment for isolag}lg installations or apparatus

Refdr to 8.4.1 of IEC&%G-1 :2010.

16.3 Devices @prevent reclosing of isolating devices

Refgr to 8é®of IEC 61936-1:2010 and IEC 61936-1:2010/AMD1:2014.

see

urer
riate
010

16.4| @g\%ices for determining the de-energized state

Refer to 8.4.3 of IEC 61936-1:2010 and IEC 61936-1:2010/AMD1:2014.

16.5 Devices for earthing and short-circuiting

Refer to 8.4.4 of IEC 61936-1:2010.

16.6 Equipment acting as protective barriers against adjacent live parts

Refer to 8.4.5 of IEC 61936-1:2010.

16.7 Storage of personal protection equipment

Refer to 8.4.6 of IEC 61936-1:2010.
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17 Marking, warning signs and reference designations

17.1 General

The electrical equipment shall be marked with the supplier’'s name, trade mark, or other

identifying symbol.

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

to withstand the physical environment involved.

Markimg—and—Teference —designations—stratt—be—im—accordance —with—Ctause16] of
IEC [60204-1:2016.

17.2 Warning signs
Enelosures—that-donot-otherwise—clearlyshow-that-theycontain—electrical-"devices—shall be
froes i o sernbinod clen coccnding do tenee A0 o IR0 220 L TRie o boll chone o Hlool
ighthingflash-ona-yellow background-withina-bla jangle—shaped-in-accordance L the
graghica mbo C-604 5036,-the-whole-inaccordance—with mbol13-0f1SO-38641and

NN\ T --- 1

Enclosures that do not otherwiSé clearly show that they contain electrical devices shall be
marked with a combined sign according to Figure 8 or Figure 9 of ISO 3864-1:2011. This ghall
show the graphical symbol ISO 7010-W012:2011-06 and shall be marked in | the

supplementary label with\the capital letters “HV” (see Figure 4).

NOTE 1 The relevant woltage can be added optionally below or beside the letters “HV”

r
]

HV HV

IEC or IEC

Figure 4 — Warning sign “high voltage”

The warning sign shall be endurable and plainly visible on the enclosure door or cover.

In addition a DANGER hazard severity panel to identify a high level of risk according to
Table 2, ISO 3864-2:2016 (refer to Figure 5) shall be placed next to the warning sign “high

voltage”.
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18.1 General W
o>

Thelrequirements of Clause 17 of IEC 60204-1:2016 apply. (.OQ
18.2 Instructions for use C)

&
18.2.1 General O
The|documentation, especially the operating manl&hall include the proper procedure$ for
the

18.2.2 Provisions for handling <
N

Spetial lifting devices shall be capable«&\# lifting the mass of each transport unit and sp
predautions shall be detailed in the i”@éllation manual (for example lifting brackets/bolts

are
unp

18.2.3 Assembly and mtﬁm

Inst

sufficient details OQH ations and foundations to enable site preparation to be complg
Thesge instructio
parts of the an_ tus to be lifted separately if they exceed 100 kg.

18.2.4 @gaections

Inst
circ

60204-11:2018 RLV © IEC 2018 - 55—

IEC

Figure 5 — DANGER hazard severity panel

E 2 The DANGER hazard severity panel can be in local language.

Technical documentation Q

ise of the accessories specified in Clause 163
D

Q

not intended to be left outdogrs shall be removed at site). Required information
gcking should be given (see 4.6).

.

W
ting
ffuctions for moun@of equipment, operating device and auxiliary equipment shall inc

all also indicate the total mass of the apparatus and the mass of

-

bcial
that
for

jude
ted.
the

rp.&%éns shall include information on connection of high-voltage conductors; auxi

liary

ults and earthing circuits.

18.2.5 Final installation inspection

Instructions shall be provided for inspection and tests which should be made after the
equipment has been installed and all connections have been completed. These instructions

sha

Il include

a schedule of recommended site tests to establish correct operation;

procedures for carrying out any adjustment that may be necessary to obtain correct

operation;

recommendations for any relevant measurements that should be made and recorded for

maintenance;
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— instructions for final inspection and putting into service.
18.2.6 Warning sign

The meaning of the warning signs and hazard severity panels should be explained in the user
documentation.

19 Testing and verification

19.1 General

This| document gives general requirements for the HV equipment of machines. The relgvant
testg for a particular machine type will be given in the dedicated product standard:Where
B iS no dedlcated product standard for the mach|ne 4he—app+cep#ate—tests—may—metudeene
i A A the
venlcat|ons shall always mcIude the foIIowmg items a), b) and e) and mayinclude onle or
mor¢ of the following items d) to f):

a) yerification that the HV equipment is in compliance with the techniealkdocumentation;
b) earthing system tests (see 19.2);

c) ipsulation resistance tests (see 19.3);

d) Voltage tests (see 19.4);

e) functional tests (see 19.5);

f) IP tests for HV equipment outside electrical operating areas (see 19.6).

Whgn these tests are performed, it is recommended that they follow the sequence listed.

19.24 Earthing system tests

Tesis shall be carried out on

a) fthe machine installation,

b) the connections between thé-machine installation and the external installation (machine
bonding conductors),

c) any earthing system _provided as part of the electrical installation of the machine,

to verify that the earthing system satisfies the requirements for protection against indjrect
confiact according to_6.3.

NOTE 7 \Guidance on tests and measurements is given in 10.5 of IEC 61936-1:2010 and Clause|8 of
EN 5p522;2010.

NOTE 2 National deviations due to European regulations for earthing systems are defined in Annex Q of
EN 50522:2010.

19.3 Insulation resistance tests

The insulation resistance, between the power circuit conductors and the protective bonding
circuit, measured at a voltage equal to the rated voltage of the HV equipment or 5 kV,
whichever is the lower value, shall be not less than 1 MQ. The test may be made on individual
sections of the complete HV installation.

Exception: For certain parts of HV equipment, incorporating for example busbars, conductor
wire or conductor bar systems or slip-ring assemblies, a lower minimum value of insulation
resistance is permitted in agreement with the manufacturer.
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19.4 Voltage tests

Details of the voltage tests shall be agreed between the supplier and user.

Guidance for voltage tests after installation on site is given-inappendixBbB-eof lEC 60298, for
example, in 7.105 of IEC 62271-200:2011.

19.5 Functional tests

The functions of electrical equipment shall be tested, particularly those related to safety and
safeguarding.

19.6 IP tests for HV equipment outside electrical operating areas

IP t¢sts are not necessary for type-tested HV equipment-thatprovides—a-minimum-degrge—of

protpction—against-directcontactof IPXXDH if it is installed according to the\manufactuter’s
instjuctions and the requirements of IEC 61936-1.

For jother electrical equipment, the appropriate tests specified in IEC60529 shall be cafried
out.

19.7] Retesting

Whdgre a portion of the machine and its associated electrical equipment is changed or
modjified, that portion shall be re-verified and re-tested{as"is appropriate (see 19.1).
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Annex A
(informative)

Examples of machines covered by IEC 60204-11

The following list shows examples of machines whose HV equipment should conform to this
document:

compressors;

onveyors,

c
§
[

M
I

f
!

I'

7.

ranes;
xtruders;

oisting machines;

hternal mixers (rubber and plastics);
haterial (e.g. coal) stocking-out and reclaiming machines;
hills;

hining and quarrying machines;
aper and board making machines;
umps;

olling mills for metals;

hip loaders/unloaders;

unnelling machines;

entilators.
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Annex B
(informative)

Inquiry form for the HV equipment of machines

It is recommended that the following information be provided by the intended user of the HV
equipment. It facilitates an agreement between the user and supplier on basic conditions and
additional user requirements to ensure proper design, application and utilisation of the HV

equipment of the machine (see 4.1).

NOTIE There is a separate inquiry form for the LV equipment of machines in Annex B of IEC 60204-1:2016.

Name of manufacturer/supplier

Nanje of end user

Tenger/order No. Date

Typé of machine/serial number

1. |Are there to be modifications as allowed for within this standard?

YES NO

NOTE Check network codes for the direct connection of\fiachinery to the distribution network.

Operating conditions — Special requirements (see 4.4)

2. |Ambient temperature range

3. [Humidity range

4. |Altitude

5. |Environmental (e.g.«corrosive atmospheres, particulate matter, EMC)

NOTE Certain efivifonments may be prone to abet microflora or microfauna.

6. |Radiation

7. |Vibration, shock

8 Spnocial inctallationand o
. A4 Srar-rotarattrfottata—o

Pe

cables and conductors)
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11.
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13.

14.

15.
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Power supply (supplies) and related conditions (see 4.3)
Anticipated voltage fluctuations (if more than £10 %)

Anticipated frequency fluctuations (if more than in 4.3.2)

Specification of short-term value

Indicate possible future changes in HV equipment that will require an increase in the
electrical HV supply requirements

Indicate for each source of electrical supply required:

Nominal voltage (V) AC DC

If AC, numberofphases ~ Frequency _ Hz

Prospective short-circuit current at the point of supply to the machine kA RMS

(see also question 15)

Fluctuations outside values given in 4.3.2

What size and type of cable will be used to connect.the supply to the machine?

— cable cross-sectional area

— conductor material

— cable type

Is monitoring of the protective conductor required? YES NO

Expected single earth-fault current of the HV supply system
Value: _ Duwrnation:

Type of earthing

isolated neutral point

resonantearthing

low impedance neutral earthing

fesonant earthing and temporary low impedance neutral earthing-2

| V2N tad | aribefald
CApP T OO OdodoTre—Tararraa

earthing-2

ot Lo atara PWWET 1 “W latad o
T oUTToTTC T SySTeTITS— witlh 1SUTatCU— 1T

Value: Duration:

ant

Does the user or the supplier provide the overcurrent and earth fault protection of the

supply conductors? (See 7.2)

Type and setting of

— overcurrent protective devices
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16.

17.

18.

19.

— earth fault protective devices

Supply disconnecting and earthing devices

Type of-disconnecting-device disconnector to be provided-2

Are locking facilities to lock in the OFF position required for earthing switches?

YES NO

Limit of power up to which three-phase AC motors may be started directly across the
incoming supply lines2 __kw

Motors

With reference to 7.3 of IEC 60204-1:2016 (overload protection of motors):
— May the number of motor overload detection devices be reduced?

YES NO

— |s protection under loss of phase condition required?

YES NO

— |s protection under stalled rotor condition required?

YES NO

Overvoltage protection

Table B.1 indicates applications where the installation of overvoltage protection deV
is recommendable to ensure-reliable and secure service. Type and ratings of
protection devices shall be_individually configured to the installation conditions.

ices
the
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Table B.1 — Overvoltage protection for HV equipment of machinery

Equipment Recommendation
Outdoor installation Lightning protection (requires customised engineering)
Distribution and/or power transformer No surge protection for normal distribution transformer which is
) installed in HV cable networks.
NOTE For unit transformers see: . .
_ motor Surge arresters to be fitted in case of:
_ generator — connection to overhead line
_ converter — insulation level is lowest level (“list 1) to IEC 60071-1
—insulation is aged or its level is unknown
— switching rate in normal service is high
Motor Surge arresters if starting current < 600 A;
additional RC circuits if
— insulation is not in line with IEC 60034-15,
— insulation is aged or its level is unknown,
— intended switching rate is high,
— starting is controlled by auto-transformer
Genferator Surge arresters if generator short-circuit™current is < 600 A;
(see table line “Motor” regarding addijtional RC circuits)
Conperter transformer Surge arresters
Capfpcitive circuits If breaker corresponds with &lass 2 to IEC 62271-100,
(filtdr circuit, capacitor bank) no surge protection is required.
Other considerations

20. |Identification (see 17.1)

21. |Inscriptions/special markings
— mark of certification YES NO If YES, which one?

— on HV-equipment? In which language? _ _

22. [Technical documentation{see-48-1+oflEC60204-1)

On what media? In which language?

23. [Size, locatien, and purpose of ducts, open cable trays, or cable supports to be provided
by the user-?>{see18-5-0fHEC60204-1; (additional sheets to be provided where
necessary)

24. W two-hand-control—isto-be-provided—state-the-type-

Where it is type lll, state the time limit (0,5 s maximum) within which each pair of
pushbuttons is to be operated

25. Indicate if special limitations on the size or weight affect the transport of a particular
machine or the controlgear assemblies to the installation site:

— maximum dimensions
— maximum weight
26. In the case of machines with frequent repetitive cycles of operation dependent on manual

control, how frequently will cycles of operation be repeated?
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27.

28.

29.

30.

per hour

For what length of time is it expected that the machine will be operated at this rate
without subsequent pause? min

In the case of specially built machines, is a certificate of operating tests with the loaded

machine to be supplied? YES B NO

In the case of other machines, is a certificate of operating type tests on a loaded

prototype machine to be supplied? YES _

S

referred to in 14.27?

YES NO Type

Type and quantity of accessories for:

— earthing and short-circuiting (see 16.1) Type
— voltage detectors (see 16.2) Type
— safe working (see 16.3) Type

For cable-less control systems, specify the time delay before automatic machine

shutdown is initiated in the absence of a valid signal?({see- 9-2. 73 of tEC-6020445

Do you need a specific method of conductor identification to be used for'the conducto

No.

I's

No

No
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Relationship between cable rated voltages and

— 65—

Annex C
(informative)

highest voltage for HV equipment

The voltage designation of a cable is given in terms of Uy / U (U,;)

where

U0|'~ the rated-power freguencyvolitage-betwesen-conductorand-earth-or metallic-screen for
- J J

which a cable is designed;

U ip the rated power frequency voltage between conductors for which the cable is dé&signed

used (see IEC 60038).

also used as the "nominal system voltage");

Table C.1 — Rated voltages of cable and highest voltage for HV equipment

Rated voltages of cables and Highest-voltage for HV
related fittings equipment
U, U U,
kv kv kv
1,8 3 3,6
3,6 6 7,2
6 10 12
8,7 15 17,5
12 20 24
18 30 36

is the maximum value of the "highest system voltage" for which the HV eguipment maly be
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8.2.7,13.8.2,19.3
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