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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY IN INSTALLATIONS FOR ELECTROHEATING
AND ELECTROMAGNETIC PROCESSING -

Part 4: Particular requirements for arc furnace installations

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

IEC 60519-4 has been prepared by IEC technical committee 27: Industrial electroheating and
electromagnetic processing. It is an International Standard.

This fifth edition cancels and replaces the fourth edition published in 2013. This edition
constitutes a technical revision.

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

a) the structure has been redrafted according to IEC 60519-1:2020;

b) the scope and object have been redrafted;

c) the terms and definitions, normative references and bibliography have been updated and
completed;

d) the requirements have been redrafted according to IEC 60519-1:2020;
e) all provisions have been redrafted and the text is more concise with respect to submerged

arc furnace installations; Documents
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f) the annexes have been restructured, with respect to details concerning high voltage designs
and non-electrical issues, however to be aware of in those installations;

g) the aspect of noise has been removed from the scope;

h) the EMC requirements have been clarified;

i) risk classification of hazards have been based on emission;

j) the boundaries to ISO 13577 (all parts) and ISO 13578 have been clarified.

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

FDIS Report on voting
27/1141/FDIS 27/1143/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 60519 series, published under the general title Safety in installations
for electroheating and electromagnetic processing, can be found on the IEC website.

The clauses of this standard supplement or modify the corresponding clauses of IEC 60519-
1:2020 (General Requirements hereinafter called "Part 1").

This part of IEC 60519 is to be read in conjunction with Part 1. It supplements or modifies the
corresponding clauses of Part 1. Where the text indicates an "addition" to or a "replacement" of
the relevant provision of Part 1, these changes are made to the relevant text of Part 1. Where
no change is necessary, the words "This clause of Part 1 is applicable" are used. When a
particular subclause of Part 1 is not mentioned in this part, that subclause applies as far as is
reasonable.

Additional specific provisions to those in Part 1, given as individual clauses or subclauses, are
numbered starting from 101.

NOTE The following numbering system is used:
— subclauses, tables and figures that are numbered starting from 101 are additional to those in Part 1;

— unless notes are in a new subclause or involve notes in Part 1, they are numbered starting from 101, including
those in a replaced clause or subclause;

— additional annexes are lettered AA, BB, etc.

In this standard, the following print types are used:

— requirements and definitions: in roman type;
— NOTES: in smaller roman type;

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

Documents

Document Sharing Hub

Full document details: IEC 60519-4-2021


http://www.avadocuments.com/doc/iec-60519-4-2021
http://www.avadocuments.com/doc/iec-60519-4-2021

-8- IEC 60519-4:2021 © IEC 2021

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to 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 document 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 fifth edition of IEC 60519-4 is a product safety publication and is intended to:
— include all types of installations or equipment that are in the scope of IEC TC 27/MT 21
dealing with arc furnace installations;

— give requirements on electrical safety, touch currents, electric fields, magnetic fields and
radiation;

— give means for verification of the requirements;

— make extensive use of the standards developed by IEC committees with horizontal or
group safety functions and of relevant ISO standards, most of them being developed by
ISO TC 244;

— include all material, references and requirements suitable for risk assessment and list of
significant hazards.

This document addresses mainly manufacturers making made-to-order equipment on a

single project base. The manufacturer is well aware that it is his responsibility to make

equipment safe through adequate risk reduction and it is the responsibility of the user to assess

exposure of the operator in line with applicable health and safety regulations. Looking at

projects providing single pieces of equipment or single installations, this clear division of

responsibilities tends to blur, caused by inter alia:

— development of the process (normal operation) through the manufacturer and user,

— shared definition of working procedures for the operator by the manufacturer and user,

— the scope of delivery often including all protective means,

— individual sales contracts where users require an assessment of exposure through the
manufacturer.

Thus, this document provides information on electrical hazards and limits where relevant,
despite being well aware that this is exceeding the scope of a product standard.

Annexes | and J provide orientation with respect to the application of I1ISO 13577-1 in
combination with this document.

The rated voltage of an arc furnace Installation can be in the range of low voltage or high
voltage; details are given in 4.2.

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

This document is intended for verifying whether the arc furnace installation meets the safety
requirements of this document through design, site acceptance tests, routine tests or inspection.
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SAFETY IN INSTALLATIONS FOR ELECTROHEATING
AND ELECTROMAGNETIC PROCESSING -

Part 4: Particular requirements for arc furnace installations

1 Scope
This clause of Part 1 is replaced by the following.
Replacement:

This part of IEC 60519 provides particular safety requirements for arc furnace installations. This
document deals with the significant hazards, hazardous situations or hazardous events relevant
to industrial arc furnace installations, as listed in Annex A, for normal operation and for single
fault condition as well as under conditions of reasonably foreseeable misuse.

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

The rated voltage of arc furnace installation can be in the range of low voltage or high voltage,
details are given in 4.2.

This standard is applicable to arc furnace installations such as:

a) furnaces for direct arc heating, forming arcs between the electrode and metal such as the
electric arc furnace using alternating current (EAF AC) or direct current (EAF DC), and the
ladle furnace (LF);

b) furnaces for arc-resistance heating forming arcs between the electrode and the charge
material or heating the charge material by the Joule effect, such as the submerged arc-
resistance furnace using alternating current (SAF AC), or direct current (SAF DC).

NOTE 1 In some documents, the terms "smelter" or "electrical reduction furnace" are used.

Furnace installation for unattended operation is not covered by this document.

This document does not provide requirements for type testing.

NOTE 2 Industrial equipment covered by this document is typically produced as a single unit or a very small number
of units; such unit usually has a very high value and can cause severe harm at disintegration.

This document does not address data security and hazards arising from neglect of security.
With respect to noise of electrical an arc furnace, ISO 13578:2017, 6.1.23 applies.

EAF DC and SAF DC are classified as zero frequency (0 Hz) equipment types. EAF AC, SAF
AC and LF are classified as mains frequency (50 Hz or 60 Hz) equipment types. Furnaces being
operated at frequencies outside of the above-mentioned equipment types are not covered by
this document.

2 Normative references
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Replacement:
IEC 61936-1:2021, Power installations exceeding 1 kV AC and 1,5 kV DC - Part 1: AC
Additions:

IEC 60060-3, High-voltage test techniques — Part 3: Definitions and requirements for on-site
testing

IEC 60519-1:2020, Safety in installations for electroheating and electromagnetic processing —
Part 1: General requirements

ISO 13577-1:2016, Industrial furnaces and associated processing equipment — Safety — Part 1:
General requirements

ISO 13578:2017, Industrial furnaces and associated processing equipment — Safety
requirements for machinery and equipment for production of steel by electric arc furnaces

3 Terms, definitions and abbreviated terms

31 General concepts

This subclause of Part 1 is applicable with the following additions.

Addition:

NOTE General definitions can be found in the IEC 60050 series, International Electrotechnical Vocabulary.
Terms relating to industrial electro heating are defined in IEC 60050-841. Terms relating to EAF and SAF are
also defined in IEC 60676 and IEC 60683.

3.1.101
intended use
use of a machine in accordance with the information for use provided in the instructions

[SOURCE: I1SO 12100:2010, 3.23]

3.2 Equipment and state of equipment

This subclause of Part 1 is applicable with the following additions.
Addition:

3.2.101
AC current converter
device, which controls the secondary alternating current for EAF or SAF

3.2.102

arc furnace

furnace with a vessel, in which metal or other charged conducting material is heated mainly by
electric arc or joule effect using alternating current (AC) or direct current (DC)

[SOURCE: IEC 60050-841:2004, 841-26-05, modified — The definition has been entirely
reworded for better accuracy.]
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3.2.103

arc furnace transformer

transformer changing high voltage electrical supply to a lower voltage and higher current for
an arc furnace process

[SOURCE: IEC 60050-841:2004, 841-26-55, modified — The definition has been entirely
reworded for better accuracy.]

3.2.104

electric arc furnace using alternating current

EAF AC

furnace, in which electric arcs between the electrodes and conducting material are formed,
using alternating current

[SOURCE: IEC 60050-841:2004, 841-26-07, modified — The term has been modified and the
definition has been entirely reworded for better accuracy.]

3.2.105

electric arc furnace using direct current

EAF DC

furnace, in which the direct current is conducted via bottom electrode(s) (anode) to the
material to be processed, forming arcs between the material and the electrode(s) from top
(cathode)

[SOURCE: IEC 60050-841:2004, 841-26-06, modified — The term has been modified and the
definition has been entirely reworded for better accuracy.]

3.2.106

EAF electrode

LF electrode

part produced from high density graphite to transfer the electrical energy forming arcs between
tip and charged material

[SOURCE: IEC 60050-841:2004, 841-26-38, modified — The terms and the definition have been
made specific to EAF and LF.]

3.2.107

electrode clamp

metallic, water cooled device to hold the electrode and supply current for arcing to the
electrode

[SOURCE: IEC 60050-841:2004, 841-26-39]

3.2.108

ladle furnace

LF

arc furnace for secondary treatment of liquid metals which uses a ladle instead of a furnace
vessel

[SOURCE: IEC 60050-841:2004, 841-26-10, modified — The abbreviated term "LHF" has been
removed and the definition has been entirely reworded for better accuracy.]

3.2.109
rectifier for direct current
device which converts alternating current into direct current for EAF DC or SAF DC
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3.2.110

submerged arc-resistance furnace

SAF

furnace, in which material melting is carried out as a result of combined arc and resistance
heating

[SOURCE: IEC 60050-841:2004, 841-26-12, modified — The word "charge" has been replaced
by "material".]

3.2.111

submerged arc-resistance furnace using alternating current

SAF AC

furnace, in which material melting is carried out as a result of combined arc and resistance
heating, using alternating current

3.2.112

submerged arc-resistance furnace using direct current

SAF DC

furnace, in which material melting is carried out as a result of combined arc and resistance
heating, using direct current

3.2.113
SAF electrode
part produced from conductive material to transfer the electric current to the process

Note 1 to entry: There are different types of SAF electrodes, i.e.:
a) prebaked electrodes,
b) self-baking electrodes (e.g. Soederberg electrodes),

c) extrusion/composite electrodes, which are a combination of Soederberg electrodes with a prebaked electrode as
a core,

d) hollow electrode system, which allow charging of fines via the centre hole (prebaked, self-baking).

3.2.114

single fault condition

condition in which there is a fault of a single protection (but not a reinforced protection) or of a
single component or device .

Note 1 to entry: If a single fault condition results in one or more other fault conditions, all are considered as one
single fault condition.

Note 2 to entry: Reinforced protection is defined in IEC 60050-903:2013, 903-02-08.

[SOURCE: IEC GUIDE 104:2019, 3.8]

3.2.115

furnace ON of an arc furnace installation

normal arc furnace conditions during status "furnace breaker ON" and disconnector CLOSE and
grounding switch OPEN

3.2.116

furnace OFF of an arc furnace installation

normal arc furnace conditions during status "furnace breaker OFF" and disconnector CLOSE
and grounding switch OPEN

3.2.117

furnace shut down of an arc furnace installation

normal arc furnace condition during status "furnace breaker OFF" and disconnector OPEN and
grounding switch CLOSED
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3.3 Parts and accessories

This subclause of Part 1 is applicable.

3.4 Safety related concepts

This subclause of Part 1 is applicable with the following addition.
Addition:

3.4.101
emergency stop matrix
matrix indicating the relation of locations of emergency stop devices and related safety functions

3.5 Abbreviated terms

This subclause of Part 1 is applicable with the following addition.

Addition:

DRI: Direct reduced iron

EBT: Eccentric bottom tapping
HBI: Hot briquetted iron

OBT: Oval bottom tapping

4 Classification and subdivision of equipment and installations

4.1 Classification by processing frequency

This subclause of Part 1 is applicable.

4.2 Classification by voltage

This subclause of Part 1 is applicable with the following additions:
Additions:

Arc furnaces can be operated with a secondary voltage above 1 000 V (rms) at mains
frequency or 1 500 V direct current; state of technology are arc furnaces with a secondary
voltage of up to 3 600 V (rms) at mains frequency or 5 000 V DC.

High current supply part of arc furnaces with the secondary voltage up to 3 600 V (rms) or up
to 5 000 V DC shall exceptionally be handled according to LV requirements, taking into account
special requirements mentioned in this document.

NOTE High current supply part starting from the secondary side terminals of the arc furnace transformer mainly
consist of secondary outlets of the arc transformer, high current bus bars, high current cables, flexibles, electrode
support arms, electrode columns, electrodes and where applicable AC current converter, rectifier for direct
current, reactor and/or bottom anode.

4.3 Subdivision of installation and equipment

This subclause of Part 1 is applicable.

4.4 Classification of hazards and risks

This subclause of Part 1 is applicable.
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5 Risk assessment
This clause of Part 1 is applicable, with the following addition.
Addition:

Due to the different designs of arc furnace installations, an individual risk assessment shall be
carried out in any case, taking into account the specific characteristics of the arc furnace
installation and the interface between the arc furnace and other equipment and/or parts of
buildings.

6 General provisions
This clause of Part 1 is applicable, except as follows:

6.1 Basic considerations
6.1.1

Not applicable and replaced by:

Any arc furnace installation or equipment shall be suitable for its intended use during
foreseen lifetime, it shall be designed to be operated, adjusted and maintained without putting
persons at risk during normal operation or single-fault condition. Design and construction shall
ensure adequate reduction of the risk at the state of the art at the time "bring it to the market".

6.1.2 to 6.1.8

These subclauses of Part 1 are applicable.

6.2 Significant hazards

This subclause of Part 1 is applicable, with the following addition.

Addition:

NOTE Clause 5 of ISO 13578:2017 provides information to significant hazards of electric arc furnaces and
equipment for production of steel.

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

This subclause of Part 1 is applicable, with the following additions.
Additions:

6.3.101 Precautions shall be taken to avoid any hazard to persons due to transient voltages
which might occur during normal operation in circuits comprising transformers, inductors,
capacitors and rectifiers for direct current. Equipment shall be designed to suppress and/or
withstand high voltages which are normal in the operation of an arc furnace.

6.3.102 Electrical equipment shall be arranged in such a way, that it does not deteriorate
during normal operation due to physical and chemical effects, including heat load close to the
furnace and pollution or electromagnetic forces, created by the current during operation. In
case it is necessary, suitable measures shall be taken by the manufacturer or an advice shall
be given to the user.
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6.3.103 Amount and cooling water quality for water cooled electrical equipment shall be
according to the requirements of the manufacturer.

NOTE Outside process equipment is defined in IEC 60519-1:2020, see Figure 1 — Block diagram of typical EH or
EPM installation.

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

This subclause of Part 1 is applicable, with the following additions.
Additions:

6.4.101 Furnace installations exceeding 1000 V AC, or 1 500 V DC shall take into
account ionization phenomena due to metallic vapour and pollution at high temperatures which
may occur. Insulation and distance between the electric phases or between phases and ground
shall be considered respectively.

6.4.102 Devices necessary for the operation (i.e. local control facilities, valve stands, lances
and manipulators) of the furnace shall be arranged within easy reach of the operator and
sufficient protection against live parts.

6.4.103 Devices for operation shall be designed and placed to prevent their unintended
activation. Devices for operation with plug connections shall be mechanically locked and shall
be designed different.

6.4.104 Electrical equipment and cables installed near components with high temperatures
during operation shall have sufficient thermal strength and protection.

6.4.105 Precautions shall be taken to avoid any hazard to persons due to transient voltages
which might occur during normal operation in circuits comprising high current systems.

6.4.106 Equipment shall be designed to suppress and/or withstand high voltages which are
normal in the operation of an arc furnace.

6.4.107 Electrical equipment shall be arranged in such a way, that it does not deteriorate
during normal operation due to physical and chemical effects, including heat load close to the
furnace and pollution or electromagnetic forces, created by the current during operation. In
case it is necessary, suitable measures shall be taken.

6.4.108 Amount and cooling water quality for water cooled electrical equipment shall be
according to the requirements of the manufacturer.

NOTE Process equipment is defined in IEC 60519-1:2020, see Figure 1 — Block diagram of typical EH or EPM
installation.

6.5 Power supply

This subclause of Part 1 is applicable, with the following additions.
Additions:

6.5.101 Short circuit capacity of the power supply on the point of common coupling (PCC)
shall be according to the requirements of the manufacturer. When special conditions apply,
an agreement between the manufacturer and user can be necessary.

6.5.102 Emergency power for equipment which is necessary to realise safe conditions shall
be provided. Equipment which requires emergency power and its power consumpti@&&aﬂﬁients
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listed by the manufacturer. When special conditions apply, an agreement between the
manufacturer and user can be necessary.

6.5.103 Uninterruptible power supply for control equipment which is necessary to realise safe
conditions shall be provided. Equipment which requires uninterruptable power supply and its
power consumption shall be listed by the manufacturer. When special conditions apply, an
agreement between the manufacturer and user can be necessary.

6.5.104 All high voltage equipment on the arc furnace transformer primary side is designed,
constructed and enclosed during any operation in accordance with IEC 61936:2021:

a) for arc furnaces with secondary voltage up to 1 000 V AC or up to 1 500 V DC and also for
state of technology arc furnaces with a secondary voltage of up to 3 600 V AC or 5 000 V
DC the minimum relevant standard IEC 60664-1: 2020 applies;

b) standard furnace operation according to the conditions, mentioned in 13.4.101 to 13.4.104;

c) visible information is given in the control room with respect to the status of the high voltage
switchgear and if applicable to the status of the AC or DC disconnector.

NOTE Power supply means electrical energy supply as defined in IEC 60519-1:2020, Figure 1 — Block diagram of
typical EH or EPM installation. This includes high voltage supply and low voltage supply.

6.6 Access

This subclause of Part 1 is applicable with the following additions.
Additions:

6.6.101 Personnel shall be warned of possible hazards associated with the arc furnace. In
addition, they shall be warned of any hazardous area underneath the arc furnace and the area
of current carrying conductors by warning signs. Access to the hazardous areas shall be
prevented by barriers as far as practicable.

NOTE 1 6.1.10 and 6.1.14 of ISO 13578:2017 provide information and requirements to access of electric arc
furnaces and equipment for production of steel.

NOTE 2 1SO 7010 2011 and IEC 60417 are valid.
6.7 Ergonomic aspects

This subclause of Part 1 is applicable, with the following addition.

Addition:

NOTE 6.1.8 of ISO 13578:2017 provides information and requirements to ergonomic principles of electric arc
furnaces and equipment for production of steel.

6.8 Transport and storage

This subclause of Part 1 is applicable, with the following addition.

Addition:

NOTE The transport to site, e.g. large arc furnace transformer and storage constraints can have consequences on
the design of the arc furnace installation.

6.9 Provisions for handling

This subclause of Part 1 is applicable, with the following addition.
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Addition:

6.9.101 Any part of an installation or equipment which cannot be fitted with attachments for
lifting shall be handled with other means of lifting equipment under safe conditions. The
information shall be given by the manufacturer.

6.10 Consumables and replaceable parts

This subclause of Part 1 is applicable.

7 Protection against hazards from electric shock

71 General

This subclause of Part 1 is applicable with the following additions.
Additions:

7.1.101 The minimum relevant standard IEC 60664-1 applies for arc furnaces with a
secondary voltage of up to 3 600 V AC or 5 000 V DC.

NOTE Electrical hazards in this standard are associated with electric charges and currents between frequencies
of 0 Hz and up to 60 Hz (refer to 4.1.101).

7.2 Fundamental rule of protection

This subclause of Part 1 is applicable with the following additions.
Additions:

7.2.101 The limits of reach according to ISO 13857 are valid for arc furnaces with secondary
voltage up to 1 000 V AC orup to 1 500 V DC. An additional distance of 120 mm shall be added
to the limits of reach in accordance with ISO 13857 for arc furnaces with secondary voltage
above 1 000 V AC up to 3600 V AC or above 1 500 V DC up to 5 000 V DC.

NOTE The additional distance of 120 mm means the minimum clearances in air according to IEC 61936-1:2021,
Table 2.

7.3 General provisions

This subclause of Part 1 is applicable, with the following addition.
Addition:

7.3.101 General

Direct contact with live parts shall not be permitted. However, using special equipment and
tools designed for this purpose, certain operational procedures may allow contact with live
parts, which shall be agreed with local authorities.

7.3.102 Special conditions for SAF

In case of SAF AC or SAF DC, in continuous operation, the inspection of the electrode
paste level, electrode additions or welding of electrode casings will be permitted on live parts
under the following conditions, to be fulfilled simultaneously:

— the rated voltage of the installation does not exceed 3 600 V AC or 5 000 V DC;
— the maximum permissible touch currents should be considered (refer to Annexﬁ@cuments
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— redundant insulation between support structure of electrode working platform and ground
(steel structure);

— wooden working platform;

— redundant insulation of crane for electrodes to ground;

— separation of working platform to ground;

— separation walls shall exceed live electrodes by at least 300 mm;

— only instructed personnel is able to access the working platform

— ladders of non-conductive material shall be used;

— tools (e.g. welding machine, grinding machine) shall be insulated to ground;

— information signs to be installed according to Annex G.

7.3.103 Access to current-carrying parts of the arc furnace, including the bottom electrode

system of an EAF DC and SAF DC, shall be permitted for skilled and instructed personnel
only.

7.3.104 Changing and slipping of electrodes including work on electrode accessories shall
not be carried out unless protective measures, stated in 13.4.1, have been ensured. This
also applies for automatic electrode jointing.

7.3.105 Deviation from the requirements in 7.3.104 is permitted, in case safety of the
personnel is fully ensured by other suitable precautions (for example, insulation of the
operator’s place, safe distance, use of insulated tools and contact with only one electrode).

7.3.106 Tools, lances (for oxygen, bath temperature) and other metallic devices to be used at
an arc furnace during operation shall be earthed effectively. Their accessible metal parts shall
be insulated or only be used by personnel insulated against earth (e.g. standing on an insulated
platform at SAF). Where practicable, the length of any device, including arms of cars for
charging materials, shall be such that any approach to the electrode is prevented. In case this
is not possible, proper operating procedures shall be defined in the operation manual by the
manufacturer (i.e. electrodes are raised and held raised during operation). In case of an
automatic lance, it shall be earthed adequately and angled so that it is dipped into the metal
well away from the electrodes.

7.4 Basic protection

This subclause of Part 1 is applicable.

7.5 Provisions for protection in electric single fault condition

This subclause of Part 1 is applicable.

7.6 Protective equipotential bonding

This subclause of Part 1 is applicable except as follows.
Replacement:

7.6.2 All accessible metal parts of the process equipment, which are liable to become
accidentally live in the event of an insulation fault, shall be electrically connected to the
equipotential bounding by the low impedance conductor, as safely and solidly as required.

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

7.6.6 All parts of the protective equipotential bonding shall be dimensioned as
solidly as required. B%eelﬁﬁents
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7.6.7 All parts of the protective equipotential bonding shall be capable of withstanding all
internal and external influences (including mechanical, thermal and corrosive).

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

Movable conductive connections, e.g. hinges and slides, shall not be considered to be parts of
a protective equipotential bonding system unless compliance with the requirements in 7.6 is
maintained.

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

No element of the protective equipotential bonding shall contain any device which could
reasonably be expected to break the electrical continuity or to introduce significant impedance,
with the exception of components intended to be removed. This requirement may be dispensed
only temporarily for the verification of the continuity of protective conductors or for the measure
of the current of the protective conductor — see Clause 18.

Addition:

7.6.101 In some furnace applications, IT Networks are also applicable. Above mentioned
measures of 7.6 shall be adopted accordingly.

7.7 Additional provisions for fault protection for frequencies above 200 Hz

This subclause of Part 1 is not applicable.

7.8 Currents in protective conductors

This subclause of Part 1 is applicable.

7.9 Touch current and touch voltage

This subclause of Part 1 is applicable with the following replacement.
Replacement:

7.9.1 Touch currents causing harm shall be avoided. No part or surface that can cause harm
when touched shall be accessible. Annex BB informs about limits for touch currents and touch
voltages.

7.10 Conductors and insulations at high temperature

This subclause of Part 1 is applicable.

7.11 Non-electric faults

This subclause of Part 1 is applicable.

8 Protection against hazards from electric or magnetic fields

8.1 General

This subclause of Part 1 is applicable. Documents
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8.2 Magnetic fields

This subclause of Part 1 is applicable with the following addition.
Addition:

8.2.101 Measures shall be taken to avoid the influence of strong magnetic fields on the normal
operation of some electrical devices, for example control units, electromagnetic valves and
sensors; in addition, magnetization of some iron-made parts shall be prevented.

8.3 Magnetic fields below 1 Hz

This subclause of Part 1 is applicable.

8.4 Local electric fields

This subclause of Part 1 is applicable.

8.5 Requirements related to barriers and screens

This subclause of Part 1 is applicable.

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

This subclause of Part 1 is applicable.

9 Protection against hazards from radiation

9.1 General

This subclause of Part 1 is applicable.

9.2 Installation or equipment generating ionizing radiation

This subclause of Part 1 is applicable with the following addition.
Addition:

9.2.3.101 EAF and SAF do not create ionizing radiation. The charged material can seldomly
contain radioactive material. Suitable measures shall be taken in those cases to protect people
and environment.

9.3 Ultraviolet radiation

This subclause of Part 1 is applicable with the following addition.
Addition:

9.3.2.101 EAF and SAF create ultraviolet radiation in the arcs. Measures can include screens,
barriers, closed doors, filtered windows and warning markings. The manufacturer shall
indicate to the user in the information for use the need for personal protective equipment if
hazardous exposure can occur.

9.4 Visible and infrared radiation

This subclause of Part 1 is applicable with the following addition.
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Addition:

9.4.101 EAF and SAF create visible and infrared radiation before, during and after the process.
Counter measures can include screens, barriers, closed doors, filtered windows and warning
markings. The manufacturer shall indicate to the user in the information for use the need for
personal protective equipment if hazardous exposure can occur.

9.5 Laser sources

This subclause of Part 1 is applicable.

10 Protection against hazards from thermal influences

10.1 General

This subclause of Part 1 is applicable with the following modification.
Replacement:

10.1.2 Arc furnace installations or equipment shall be so designed, installed and operated
that no hazard due to thermal energy or elevated temperature is likely to occur for the operator
or the environment. Arc furnace installations or equipment shall be operated according to the
intended use.

10.1.4 In case of a single fault condition, the operator shall decide whether the furnace can
be operated until the next stop or shall be stopped and repaired immediately.

10.2 Surface temperature limits for protection against burn

This subclause of Part 1 is applicable.

10.3 Hazards caused by working conditions

This subclause of Part 1 is applicable.

10.4 Temperature resistance of components

This subclause of Part 1 is applicable with the following modification.
Replacement:

10.4.1 All structural parts and enclosures shall be made from or protected by material that is
sufficiently temperature resistant at all temperatures they may reach during normal operation.

The structural parts and enclosures shall suitably be constructed to enable the personnel to
escape safely in case of life-threatening fault conditions (e.g. unexpected flow of liquid material,
collapsing of roof bricks etc.).

10.4.3 All insulation shall be made from materials that are sufficiently heat resistant at all
temperatures it is exposed to during normal operation.

10.4.4 Clearance distances between conductive parts shall be sufficient for temperatures
expected during normal operation.

10.4.5 Creepage distances between conductive parts shall be made to incorporate any
increase of conductivity of insulating materials used due to temperatures expeﬁeg duri

n
normal operation. Curﬁents
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10.4.9 Refer to ISO 13578:2017, 6.1.22 Surface temperatures and heat radiation.

10.5 Cooling

This subclause of Part 1 is applicable with the following modification.
Replacement:

10.5.1 Where components require forced cooling and the lack of cooling can cause a hazard,
provisions shall be made for monitoring the cooling action. If the cooling becomes insufficient,
an alarm shall be triggered; if required, the equipment shall be switched into a safe state
depending on the type of furnace.

NOTE EN 14677 and EN 14681 are valid in the European Union.
10.6 Over-temperature protection

This subclause of Part 1 is not applicable and replaced by:
Replacement:

No temperature control circuits of the charged material for EAF and SAF furnaces are used.
The temperature shall be measured discontinuously via measuring lances, laser devices or
similar devices.

The temperature of the charged material can be calculated by computer models in some cases
as well.

NOTE EN 14677 and EN 14681 are valid in the European Union.
11 Protection against hazards from fire

This clause of Part 1 is applicable.

12 Protection against hazards from fluids
This clause of Part 1 is not applicable and replaced by:

Protection against hazards from fluids shall be according to 1SO 13577-1:2016 and
ISO 13578:2017.

13 Specific requirements for components and subassemblies

13.1 General

This subclause of Part 1 is applicable.

13.2 Electrical equipment and conductors

This subclause of Part 1 is applicable with the following modification.
Replacement:

13.2.1 The electrical equipment of the installation shall satisfy the safety requirements and
dimensioning identified by the manufacturer.
Documents
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The designer may select parts of the electrical equipment of the installation depending upon
the installation, its intended use and its electrical equipment that are for LV in compliance
with relevant parts of the IEC 61439 series and for HV parts in compliance with relevant parts
of the IEC 62271 series or IEC 61936-1 — see also Annex D of IEC 60204-1:2016.

NOTE The IEC 61439 series specifies requirements for equipment covering a wide range of possible applications
of LV switchgear and control gear assemblies. The IEC 62271 series specifies requirements for equipment covering
a wide range of possible applications of HV switchgear and control gear assemblies.

Addition:

13.2.101 High current lines for EAF DC and SAF DC shall be reasonably arranged to reduce
arc deflection, which can cause an impact to safe furnace operation.

13.2.2 This subclause of Part 1 is deleted.

13.3 Connection to the electrical supply network and internal connections

This subclause of Part 1 is applicable.

13.4 Isolation and switching

13.4.1 This subclause of Part 1 is applicable, with the following addition.
Addition:

13.4.101 The system shall be switched-off and earthed as shown in Annex AA prior to
any access is allowed to the roof of an arc furnace or before working in the vicinity of the
electrodes, including the bottom electrodes of an EAF DC or SAF DC. Means shall be provided
to prevent any unexpected connection of the system. Visual inspection of open circuit breaker
or disconnector is necessary (e.g. by CCTV- Closed Circuit Television). Any equipment under
power in the vicinity shall be shielded effectively (for exceptions, see 7.3.102).

During the status: "furnace OFF", all jobs, which are defined under EAF / LF or SAF processes
or operations, can be carried out, as long as safety measures are considered.

During the status: "furnace ON", some jobs, which are defined under EAF / LF or SAF
processes or operations, can be carried out, as long as safety measures are considered.

Corresponding to IEC 61936-1 means to protect the persons working on electrical installations
shall be valid.

13.4.102 Normal EAF AC-, EAF DC-, LF- or EAF material preheating processes or operations
during status "furnace breaker ON" and disconnector CLOSE and grounding switch OPEN (refer
to Annex AA) e.g.:

normal production of the furnace;

— temperature measurement and sampling by a robot;

— deslagging;

— charging of alloying materials, lime carbon, DRI, HBI by continuous feeding (roof: closed);
— charging of hot metal via launder through slag door or additional side wall hole;

— material charging in preheating facilities;

— tapping sequence with siphon tapping system until 4°;

— tap hole refilling — if done by automatic sand filling system;
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access to transformer room in special cases only (e.g.: hot spot temperature measurement
of the transformer flexibles located at primary and secondary side of the transformer during
furnace power switch ON).

The above-mentioned operations are common practice on most EAF AC-, EAF DC-, LF- or EAF
preheating facilities operation. Furnace applications can be differently designed, and hazards

shall be analysed during risk assessment (refer to Clause 5).

13.4.103 Normal EAF AC-, EAF DC-, LF- or EAF material preheating processes or operations
during status "furnace breaker OFF" and disconnector CLOSE and grounding switch OPEN
(refer to Annex AA) e.g.:

furnace power switch off;

processes or operations mentioned in item 13.4.102 except normal production of the furnace

manual temperature measurement and sampling by operator;
tapping sequence with OBT, EBT or spout system;

tap hole refilling — if done by operator manually;

scrap charging;

HBI and pig iron charged via crane into the furnace (roof: open);
hot metal charging via ladle into the furnace (roof: open);

slag door tunnel refractory services.

13.4.104 Normal EAF AC-, EAF DC-, LF- or EAF material preheating processes or operations
during status "furnace breaker OFF" and disconnector OPEN and grounding switch CLOSED
(refer to Annex AA) e.g.:

13.4.105 Normal SAF AC-, SAF DC processes or

furnace shut down;

processes or operations mentioned in item 13.4.103;

slipping and changing of electrodes;

maintenance at

tap hole (exchange),

roof,

panels,

shell,

electrode arms,

high current system,

furnace transformer,

electrode spray cooling,

preheating facilities (e.g. shaft and fingers),
rectifier (DC EAF);

refractory services.

operations during status "furnace breaker

ON" and disconnector CLOSE and grounding switch OPEN (refer to Annex AA) e.g.:

normal production of the furnace;

charging of material,;

slipping of electrodes;

addition of electrodes;

stoking of material;

Full document details: IEC 60519-4-2021
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— tapping of production;

— tapping of slag;

— temperature measurement;

— bath level measurements;

— access to transformer room.

The above-mentioned operations are common practice on most SAF operation. Furnace

application can be differently designed, and hazards shall be analysed during risk assessment
(refer to Clause 5).

13.4.106 Normal SAF AC-, SAF DC processes or operations during status "furnace breaker
OFF" and disconnector CLOSE and grounding switch OPEN (refer to Annex AA) e.g.:

— furnace power shut off;

— processes or operations mentioned in item 13.4.105 except normal production of the
furnace;

— maintenance activities without access to safety areas with hazards to electrical shock.

13.4.107 Normal SAF AC-, SAF DC processes or operations during status "furnace breaker
OFF" and disconnector OPEN and grounding switch CLOSED (refer to Annex AA) e.g.:

— furnace shut down;
— processes or operations mentioned in item 13.4.106;
— access to safety areas with hazards to electrical shock or magnetic fields;
— maintenance at:
e electrode columns,
e high current systems and high current cables,
o transformers, rectifier, current converter, reactor,
e furnace roof;

— refractory services.

13.4.108 The circuit breaker used to connect the electro heating installation to the power
supply shall be capable of switching off safely all currents, which may occur, including short
circuit current. When two switches are arranged in parallel, they shall be capable of carrying
and switching-off the rated current safely which may arise. When two switches are arranged
in series or parallel, each of them shall be capable of carrying and switching-off the short
circuit current safely which may arise.

13.4.2 and 13.4.3 These subclauses of Part 1 are applicable.

13.5 Sensors and actuators safeguarding moving parts

This subclause of Part 1 is applicable.

13.6 Motors

This subclause of Part 1 is applicable.

13.7 Non electric-heating means
This subclause of Part 1 is applicable.

13.8 Lighting
Documents
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Addition:

13.8.101 If internal parts of the arc furnace installation require regular inspection, they shall
be either provided with lighting appropriate to structure and to the nature of the process or the
user shall be advised to install suitable lighting.

13.9 Structural parts and stability

This subclause of Part 1 is not applicable and replaced by the following.
Replacement:

Structural parts and stability of arc furnace installations shall be according to ISO 13578:2017,
6.1.1 and ISO 13577-1:2016, 4.1.2.1.

13.10 Doors, windows and other openings

This subclause of Part 1 is applicable with the following addition.
Addition:
13.10.101 1SO 13578:2017 is applicable.

13.11 Transformers, inductors, capacitors

This subclause of Part 1 is applicable with the following addition.

Addition:

NOTE Further information will be provided for example in the following IEC standards: IEC 60076 (all parts),
IEC 61378 (all parts), IEC 60146-1-1, IEC 60871-1, IEC 62477-2.

13.12 Handheld applicators

This subclause of Part 1 is applicable.

13.13 Vacuum systems

This subclause of Part 1 is applicable.

13.14 Protective and reactive gas generator
This subclause of Part 1 is applicable.

14 Control of the installation or equipment

14.1 General

This subclause of Part 1 is applicable.

14.2 Operator control unit

This subclause of Part 1 is applicable, except as follows:
Replacements:

14.2.2 Any operator control unit or the control system Documents
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a) Local control panels shall be positioned in a way that enables the operator to have a good
overview to the controlled equipment;

b) The control system shall make sure that starting of the furnace or process is only allowed if
all installed safety devices are active and reset;

c) The control system shall give acoustic, visual or a combination of both warnings as a start-
up warning before movement of dangerous parts (e.g. roof swivelling, autonomous transfer
cars) is started which are not covered or fenced.

NOTE 1 EN 14681 is valid in the European Union.

Persons inside a hazard zone or otherwise potentially being exposed to any hazard shall have
sufficient time to leave the hazard zone or prevent starting.

NOTE 2 In arc furnace installations, it could happen that the operator cannot see all hazard zones.
14.3 Emergency stop

This subclause of Part 1 is applicable with the following addition.
Addition:

14.3.101 The location and function of individual emergency stop buttons shall be defined
according to the requirements of the safety analysis, e.g. in an emergency stop matrix.

14.4 Control systems and their safety functions

This subclause of Part 1 is not applicable and replaced by:
For control systems and their functions, IEC 60204-1:2016 applies.

14.5 Controlgear

This subclause of Part 1 is applicable.

14.6 Protective devices

This subclause of Part 1 is applicable with the following addition.
Additions:

14.6.101 Relevant, protective devices against overcurrent of electro heating installations
(refer to Annex AA) shall be provided in accordance with IEC 60204-11, in case of high voltage
installations or with IEC 60364-4-43 and IEC 60204-1 in case of low voltage installations.

14.7 Over-temperature protection devices and systems

This subclause of Part 1 is applicable with the following addition.
Additions:

14.7.101 Number, type and location of overtemperature protection devices shall be defined in
the risk assessment, see Clause 5.

14.8 Overpressure safety device

This subclause of Part 1 is applicable with the following addition.
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Addition:

14.8.101 Number, type and location of overtemperature protection devices shall be defined in
the risk assessment, see Clause 5.

15 Protection against mechanical hazards
This clause of Part 1 is applicable with the following addition.
Addition:

15.101 With respect to mechanical hazards of electrical arc furnaces, 4.2 of 1ISO 13577-
1:2016 and ISO 13578:2017 is applicable.

16 Protection against hazards resulting from use

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

This subclause of Part 1 is not applicable.

16.2 Combination equipment

This subclause of Part 1 is applicable.

17 EMC

17.1 Radio frequency interference

This subclause of Part 1 is applicable.

17.2 Immunity

This subclause of Part 1 is applicable.

18 Verification and testing

18.1 General

This subclause of Part 1 is not applicable and replaced by:
Replacement:

Compliance of the arc furnace installation or equipment with the applicable safety requirements
of this document including protective measures shall be verified by one or a combination of the
following methods:

a) examination of drawings or calculations,

b) visual inspection,

c) measurement,

d) functional test,

e) numerical modelling.
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Table 1 lists the recommended methods of verification with respect to the specific requirements
of this document. The applied method and results of the verification shall be documented.

Table 1 — Methods for the verification of requirements

Verification done by
g < E :‘m: =0
Clause/ s = 2 g % § £
Sub- Requirement or measure relating to £ 28 5 s s
clause E S g ET
% c g g c E
=
18.4 | 18.5 | 18.6 | 18.7 | 18.8
Physical environment and operating conditions for electrical
6.4 equipment caused by operation of the processing equipment v \ ()
6.5 Power Supply v v ) ()
6.6 Access v v )
6.7 Ergonomic aspects v v
6.8 Transport and storage v v
6.9 Provisions for handling v v
6.10 Consumables and replaceable parts v v
7 Protection against hazards from electric shock refer to ISO 14120:2015
7.3 General provisions v v
7.4 Basic protection v v
7.5 Provisions for protection in electric single fault condition v v
7.6 Protective equipotential bonding v v ()
7.7 Q\Sg\l/téogg(l) p|>_|r2w3|ons for fault protection for frequencies Not applicable
7.8 Protective conductor currents v v )
7.9 Touch current and touch voltage v v ()
7.10 Conductors and insulations at high temperature v v
7.1 Non-electric faults v v
8.2 Magnetic fields v v ()
8.3 Magnetic fields below 1 Hz v v )
8.4 Local electric fields Not applicable
8.5 Requirements related to barriers and screens v v
8.6 Requirements related to objects worn, carried or held by v v
persons
9.2 Installation or equipment generating ionizing radiation (V) (V) (V)
9.3 Ultraviolet radiation v v ()
9.4 Visible and infrared radiation v v )
9.5 Laser sources refer to IEC 60825-1:2014
10.2 Surface temperature limits for protection against burn v v )
10.3 Hazards caused by working conditions v
10.4 Heat resistance of components v v
10.5 Cooling v v v (V)
10.6 Over-temperature protection 4 v
11 Protection against hazards from fire v v DQ "L!ments
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Verification done by
e @
5 < o 2 =0
— <) © =
Clause/ s - g = © =
Sub- Requirement or measure relating to £ 28 5 s T
£ - o 2 £ET
clause S o ] = )
© © o =}
X c o c c E
E | 2
18.4 | 185 | 18.6 | 18.7 | 18.8
. . . refer to ISO 13577-1:2016 and
12 Protection against hazards from fluids ISO 13578:2017
13.2 Electrical equipment and conductors v v ) (V)
13.3 Connect.ions to the electrical supply network and internal v v v
connections
13.4 Isolation and switching v v v
13.5 Sensors and actuators safeguarding moving parts v v v 4
13.6 Motors v v v
13.7 Non electric-heating means refer to ISO 13577-2:2014
13.8 Lighting a2
- refer to 1ISO 13578:2017, 6.1.1 and
13.9 Structural parts and stability ISO 13577-1:2016, 4.1.2.1
13.10 Doors, windows and other openings v v
13.11 Transformers, inductors, capacitors v v
13.12 Handheld applicators v v v
13.13 Vacuum systems v v
13.14 Protective and reactive gas generator refer to ISO 13577-3:2016
14 Control of the installation or equipment v | v ‘ | 4 |
. . . refer to ISO 13578:2017 and
15 Protection against mechanical hazards ISO 13577-1:2016
Particular hazards in processing of food, feed, cosmetics and .
16.1 P . . Not applicable
similar intended for human or animal consumption
16.2 Combination equipment v v
17 EMC v v
19 Information for use v
NOTE v mandatory action, (v') non mandatory action / depending on requirements of safety analysis

18.2 Performing measurements and tests

This subclause of Part 1 is applicable with the following addition.
Addition:

18.2.101 Additional information for performing measurements and test are given in IEC 60676
for direct arc furnaces and in IEC 60683 for submerged-arc furnaces (SAF).

18.3 Verification of requirements from references
This subclause of Part 1 is applicable.
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18.4 Examination of drawings or calculations

This subclause of Part 1 is applicable.

18.5 Visual inspection

This subclause of Part 1 is applicable.

18.6 Measurements
18.6.1 Environment and operating conditions inside the processing equipment

This subclause of Part 1 is applicable.

18.6.2 Impedance of protective bonding

This subclause of Part 1 is applicable.

18.6.3 Insulation resistance measurement

This subclause of Part 1 is not applicable and replaced by:
Replacements:

18.6.3.1 This part of IEC 60519 specifies the insulation resistance measurements for EAF,
LF and SAF up to 3600 V AC (at main frequency) or 5000 V DC (at 0 frequency) nominal
secondary voltage.

Insulation measurements are required for the protection of man and machinery.

The measurements of the insulation resistances are taken at various times and life cycles both
between the individual components and in the form of earth insulation measurements. The
recordings of the measuring points show whether the insulation resistances vary because of
damage or soiling during the operation of the equipment.

18.6.3.2 The measuring device used for the insulation resistance measurements shall fulfil
the following minimum requirements:

— Test voltage range for 500 V, 1 000 V, 2 500 V or 5 000V depending on the nominal voltage
of the equipment

18.6.3.3 Measurements of the electrical insulation resistance shall be taken at the following
times/events:

— during several erection stages,

— before hot commissioning,

— during the routine maintenance shutdowns.

Prior to and for the performance of the measurements, the following points shall be borne in
mind:

— the safety instructions given in the operating and maintenance manuals shall be strictly
observed at all times;

— measurements are allowed to be taken only and exclusively when the equipment is furnace
shut down condition — in relation of the implemented configuration of Annex AA;

— measurements results can be influenced by transformers or cooling water connections.
Refer also to 18.6.3.6.
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18.6.3.4 Insulation resistance measurements shall be taken between two pre-defined points.
The manufacture should inform about the measuring points in the information for use. The
identification of the measuring points in a schematic and in a table by identification number
shall be helpful.

18.6.3.5 The test voltage shall be selected according to Table 101 on the basis of the
maximum transformer secondary voltage.

Table 101 — Test voltages of the Insulation measurement

Arc furnace transformer rated Test voltage
secondary voltage
WY [Vl
SAF only: less than 500 500
up to 1 000 1000
1 000 to 2 500 2 500
above 2 500 5000

18.6.3.6 For an EAF and LF furnace installation with water-cooled live parts, the
measurements shall be carried in several steps according to the installation progress, see

Table 102.
Table 102 — Installation progress of EAF and LF
Sequentially installation progress Minimum resistance

High current bus bar is installed without any further connections. Phase to phase: 1 000 Q /V
Phase to ground: 1 000 Q / V

Electrode arms are mounted on the stool without any further connections. Phase to ground: 1 000 Q / V

High current cables are connected to the high current bus bar and electrode Phase to ground: 1 000 Q / V

arms.

The cooling water hoses and hydraulic hoses are not connected to the electrode

arms.
High current bus bar is connected to the secondary pins of the transformer. Phase to phase: 1 000 Q /V
High current cables are connected to the high current bus bar and electrode

arms. Phase to ground: 1 000 Q / V
Cooling water hoses and hydraulic hoses are connected to the media supply Phase to phase: =~ 600 Q 2@

and electrode arms. Cooling water is not in the measuring lines.
Phase to ground: ~ 600 Q 2@

Cooling water in accordance with manufacturers specification is in the Phase to ground: ~ 300 Q 2
measuring lines.

a8 Exception: For certain parts of the high current conductor circuit, a lower minimum value of insulation
resistance is permitted in agreement with the manufacturer.

Please note that the RC combination and any secondary voltage measurement on the
transformer secondary side shall be disconnected before starting the measurements.

18.6.3.7 For an SAF furnace installation with water-cooled live parts, the measurement shall
be carried out without connections to the water-cooling system. During the measurements, the
cooling water hoses which would constitute an electric path shall be disconnected from the
equipment.

When insulation resistance tests are performed, the insulation resistance measured between
the high current conductor circuit and the protective bonding circuit shall be not less than 1kQ/V

rated voltage. Documents
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