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BRITISH STANDARD

National foreword

This British Standard is the UK implementation of

EN ISO 16090-1:2018. It is identical to ISO 16090-1:2017. It supersedes
BS EN 12417:2001+A2:2009, BS EN 13128:2001+A2:2009 and

BS EN 14070:2003+A1:2009, which will be withdrawn on 30 April 2021.

BSI, as a member of CEN, is obliged to publish EN ISO 16090-1:2018 as a
British Standard. However, attention is drawn to the fact that during the
development of this European Standard, the UK committee voted against
its approval as a European standard. The UK committee submitted a
negative vote for the following reasons:

a) The UK committee believe that any unrestricted use of Mode
of safe operation 3 (MSO 3) (see subclause 5.2.4.6) and Mode of
safe operation, service (MSO Service) (see subclause 5.2.4.7) has
the potential to lower the levels of protection on machine tools
by allowing safeguarding systems to be disabled unnecessarily,
and without the necessary additional protective measures being
implemented.

b) The original intended use of MSO 3 was limited to situations in which
operator access to the work area was deemed absolutely necessary.
In the opinion of the UK committee, the final standard does not give
a clear list of defined and acceptable circumstances under which
MSO 3 should be provided and used, which means the standard could
be open to interpretation. The UK committee believes this could
result in MSO 3 being provided and used in situations where it is
not absolutely required, which may expose machine operators to a
greater level of risk than necessary.

c) The level of protection defined by the current requirements is
a minimum level applicable to all MSO 3 applications. The UK
committee believes it is not what can be achieved at the state of the
art, and that it is not tailored for the different MSO 3 applications.

d) The UK committee believes that removing the use of an enabling
device during the application of MSO 3 for ergonomic reasons (see
subclause 5.2.4.6.2, i) causes a reduction in the level of protection
provided, despite the application of alternative engineering control
measure combinations like those cited as examples 1) and 2).

e) It is the UK committee’s opinion that where the standard covers
machines with multiple functions (e.g. milling, turning and grinding),
the safety requirements applied to these functions in this standard is
not consistent with those that appear in the machine tool standards
in which they are the primary function, e.g. clause 5 “Safety
requirements and/or measures” in BS EN ISO 16089:2015 Machine
tools - Safety - Stationary grinding machines.

f) Annex] does not contain any safety functional requirements for MSO
Service. Consequently, the UK committee recommends that users of
this standard determine appropriate safety functions and suitable
performance levels where this mode is provided.

g) In the UK committee’s opinion, Figure 2 (see subclause 5.2.5.7, d)
does not show a safe area of conveyor. The UK committee believes
that because a conveyor can continue to run without a chip container

in position (because the chip container is not 1nterlogg§whmg§'ts

it remains in place), an unsafe situation covld be crea
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an operator could reach into the hazardous area between the return
belt and casing while the chip conveyor is moving.

h) The UK committee believes that the potential for the ejection of
workpieces (see subclause 5.12.2) has not been properly considered
as a significant hazard, nor has the associated residual risk been
determined and communicated.

The UK committee also draws users’ attention to the fact that although
EN ISO 16090-1:2018 supersedes

e EN12417:2001+A2:2009 Machine tools - Safety - Machining centres

e EN 13128:2001+A2:2009 Safety of machine tools - Milling machines
(including boring machines) and

e EN14070:2003+A1:2009 Safety of machine tools — Transfer and special-
purpose machines,

it is these three standards that are cited in the Official Journal of the
European Union under EU Directive 2006/42/EC Machinery (MD), and
therefore continue to confer a presumption of conformity with the
essential health and safety requirements of that directive. At the time of
publication, EN ISO 16090-1:2018 is not cited. For further information,
see www.ec.europa.eu/growth/single-market/european-standards/
harmonised-standards/machinery_en.

The UK participation in its preparation was entrusted to Technical
Committee MTE/1/1, Machine tools - Safety.

Alist of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions
of a contract. Users are responsible for its correct application.

© The British Standards Institution 2018
Published by BSI Standards Limited 2018

ISBN 978 0 580 80800 5
ICS 25.080.01

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 31 May 2018.

Amendments/corrigenda issued since publication

Date Text affected
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EUROPEAN STANDARD ENISO 16090-1
NORME EUROPEENNE
EUROPAISCHE NORM April 2018

ICS 25.080.01 Supersedes EN 12417:2001+A2:2009,
EN 13128:2001+A2:2009, EN 14070:2003+A1:2009

English Version

Machine tools safety - Machining centres, Milling
machines, Transfer machines - Part 1: Safety requirements
(ISO 16090-1:2017)

Sécurité des machines-outils - Centres d'usinage, Werkzeugmaschinen Sicherheit - Bearbeitungszentren,
fraiseuses, machines transfert - Partie 1: Exigences de Frasmaschinen, Transfermaschinen - Teil 1:
sécurité (ISO 16090-1:2017) Sicherheitsanforderungen (ISO 16090-1:2017)

This European Standard was approved by CEN on 24 January 2018.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this
European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references
concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN
member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by
translation under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC Management
Centre has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Rue de la Science 23, B-1040 Brussels

© 2018 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN ISO 16090-1:2018 E
worldwide for CEN national Members.
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EN ISO 16090-1:2018 (E)

European foreword

This document (EN ISO 16090-1:2018) has been prepared by Technical Committee ISO/TC 39 "Machine
tools" in collaboration with Technical Committee CEN/TC 143 “Machine tools - Safety” the secretariat of
which is held by SNV.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by October 2018, and conflicting national standards shall
be withdrawn at the latest by April 2021.

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

This document supersedes EN 13128:2001+A2:2009, EN 12417:2001+A2:2009 and
EN 14070:2003+A1:2009.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom.

Endorsement notice

The text of ISO 16090-1:2017 has been approved by CEN as EN ISO 16090-1:2018 without any
modification.

Documents
Document SharingBHub

Full document details: BS EN ISO 16090-1:2018


http://www.avadocuments.com/doc/bs-en-iso-16090-1-2018
http://www.avadocuments.com/doc/bs-en-iso-16090-1-2018

IS0 16090-1:2017(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
IIMETOUICEION. ..ot vi
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 2
3 Terms and AeFIMITIOIIS ...
3.1 (CT101=) VR V=) i 0 L
3.2 Groups of machines. ...
3.3 Parts of machines..........cos
34 Mode of safe 0Perations..........e
3.5 Maximum permissible spindle speed and feed rate
4 List of SigNIfiCant NAZATAS ... 12
4.1 GIBIETAL .. 12
4.2 MaIN RAZATA ZOMNES ......oooooeeis s 12
4.3 Significant hazards and hazardous situations covered by this document.............. 12
5 Safety requirements and/or protective /risk reduction measures.................n, 17
5.1 General requirements
5.10T  GOIIETAL e
5.1.2  Required characteristics for guards of all machine groups ... 17
5.1.3  Power-operated moveable guards for user access............c.c.e
5.2 Specific requirements resulting from mechanical hazards ...,
5.2.1  Protective measures for Group 1 machines.............n
5.2.2  Protective measures for Group 2 machines...........n.
5.2.3  Protective measures for Group 3 and Group 4 machines
5.2.4  MSO of MaChiNE OPETATION ..ooocoioeieeeee e
5.2.5  Optional or additional equipment for machines...........es
5.3 Specific requirements resulting from electrical hazards...
5.4  Specific requirements resulting from noise hazards ...
55 Specific requirements resulting from radiation hazards...........,
5.6 Specific requirements resulting from material or substance hazards
5.6.1 Combustible COOLANTES ...
5.6.2  Minimum quantity lubrication (MQL)
5.6.3  Dry processing and combustible dust
5.6.4  Requirements for biological or microbiological hazards............ccccccue.
5.7 Specific requirements resulting from neglect of ergonomic principles hazards................ 42
5.8 Specific requirements resulting from unexpected start-up, over-run or over-
SPEEA NAZATAS ...t
5.8.1 General..
5.8.2  Starting.......
5.8.3  Normal stop..........
584  Emergency stop
5.8.5  Safety related parts of control system (SRP/CS)
5.8.6  Monitoring rotational speed limits and limits of linear and rotary movements...45
5.8.7  Requirements for electromagnetic compatibility of electrical equipment...... 45
59 Specific requirements resulting from failure of any power supply ..., 45
5.10 Release of trapped and/or clamped PEerSOMNS.............o e
5.11 Specific requirements resulting from errors of fitting hazards
5.12  Specific requirements resulting from ejected fluids or parts..........cc.....
5.12.1  GeNEral FEQUITEIMEINES. ..ottt
5.12.2 Ejection of parts — Guard Strength ...
5.12.3 Power-operated workpiece and tool clamping
5.12.4 Additional requirements for Group 3 and Group 4 machines ... 48
5.13  Specific requirements resulting from loss of stability hazards...........cnn 48
Documents
] Document Sharin%Hub
© IS0 2017 - All rights reserved 1

Full document details: BS EN ISO 16090-1:2018


http://www.avadocuments.com/doc/bs-en-iso-16090-1-2018
http://www.avadocuments.com/doc/bs-en-iso-16090-1-2018

ISO 16090-1:2017(E)

5.14 Requirements resulting from slips, trips, and fall of persons hazards ..., 48
5.15 Requirements resulting from accessibility for maintenance or troubleshooting on
high parts of the MaChine ... 48
5.16 Requirements for machinery with operator cabins and perimeter fencing..........cc.... 49
5,161 GOIETAL ..ot 49
5.16.2 Overall concept for entering/leaving machinery.......... e, 49
5.16.3 Requirements for moveable/adjustable operator cabins and
OPETAtION PLATEOTIIS ..ot

5.16.4 Requirements for perimeter fencing............ns
5.17 Verification of the safety requirements and/or protective measures

6 INFOIIMATION O TS
6.1 (OT=Y 1) = T
6.2 IVATKITIG

6.3 Instruction for use...

6.3.1 General........

6.3.2  Tooling ...
6.3.3  Workpiece clamping
6.3.4  Machine functions accessible from the NC panel

0.3.5  RESEAIT e

0.3.6 N OIS ook

6.3.7  Residual risks to be addressed to the machinery user

6.3.8  Installations instructions of MACKhINETY ...

6.3.9  Cleaning instructions of MAChINEIY ...

6.3.10 Machinery with operator cabins and/or perimeter fencing...........cccns 62
Annex A (normative) Impact test method for guards on machines ... 63
Annex B (informative) Equipment for impact test and examples of tested materials...................... 66

Annex C (informative) Illustrative figures as examples of machines

Annex D (informative) Illustrative figures as examples of guards ...
Annex E (informative) Examples of the integration of exhaust and extinguishing systems

when using combustible coolants or combustible dust ... 84
Annex F (informative) Provisions when using combustible coolants and combustible dust............. 86
Annex G (normative) Gravity-10ad@d @XES ... 920
Annex H (informative) Examples: Concept for leaving/returning to a cabin (control station)

at Group 3 and Group 4 MACKINES ... 97
Annex I (informative) Typical demand rates of safety functions for calculations according

£0 TADIE 5 ANA ATIIEX J ..ot 929
Annex J (normative) SAfety fUNCHIONIS ...t 104
Annex K (normative) Noise emiSSion MeASUI@IMIENT .................cciirii oo eese oo 151

Bibliography

Documents

. Document Sharing Hub
v © ISO 2017 - All rights reserved

Full document details: BS EN ISO 16090-1:2018


http://www.avadocuments.com/doc/bs-en-iso-16090-1-2018
http://www.avadocuments.com/doc/bs-en-iso-16090-1-2018

IS0 16090-1:2017(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of [SO specific terms and expressions related to conformity assessment,
as well as information about ISO's adherence to the World Trade Organization (WTO) principles in the
Technical Barriers to Trade (TBT) see the following URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 39, Machine tools, Subcommittee
SC 10, Safety.
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Introduction

This document is a type-C standard as stated in [SO 12100,

This document is of relevance, in particular, for the following stakeholder groups representing the
market players with regard to machinery safety:

— machine manufacturers (small, medium and large enterprises);
— health and safety bodies (regulators, accident prevention organisations, market surveillance, etc.).

Others can be affected by the level of machinery safety achieved with the means of the document by the
above-mentioned stakeholder groups:

— machine users/employers (small, medium and large enterprises);

— machine users/employees (e.g. trade unions, organizations for people with special needs);
— service providers, e.g. for maintenance (small, medium and large enterprises);

— consumers (in case of machinery intended for use by consumers).

The above-mentioned stakeholder groups have been given the possibility to participate at the drafting
process of this document.

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

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

Milling machines present a wide range of hazards. Protection of operators and other persons from
contact with moving cutting tools, especially when being rapidly rotated in the spindle or being swung
from a tool magazine to the spindle during power-operated tool changing, or from contact with fast-
moving workpieces, is of great importance.

When power-operated mechanisms are provided for workpiece transfer, they can also create hazardous
situations during loading/unloading and workpiece alignment, clamping or releasing of the workpiece.

The significant hazards covered by this document are those listed in Clause 4. The safety requirements
and/or protective measures to prevent or minimize those hazards identified in Table 2 and procedures
for verification of these requirements or measures are found in 5.17.

The figures in Annex D are examples only and are not intended to illustrate the only interpretation of
the text.

Documents

. Document Sharing Hub
V1 © ISO 2017 - All rights reserved

Full document details: BS EN ISO 16090-1:2018


https://doi.org/10.3403/30201665U
http://www.avadocuments.com/doc/bs-en-iso-16090-1-2018
http://www.avadocuments.com/doc/bs-en-iso-16090-1-2018

INTERNATIONAL STANDARD ISO 16090-1:2017(E)

Machine tools safety — Machining centres, Milling
machines, Transfer machines —

Part 1:
Safety requirements

1 Scope

This document specifies the technical safety requirements and protective measures for the design,
construction and supply (including installation and dismantling, with arrangements for transport and
maintenance) of stationary milling machines (see 3.1.1), including machines capable of performing boring
operations (see 3.1.2), machining centres and transfer machines which are intended to cut cold metal,
and other non-combustible cold materials except for wood or materials with physical characteristics
similar to those of wood as defined in ISO 19085-1, and for glass, stone and engineered/agglomerated

materials as defined in EN 14618

This document covers the following machines:

a) manually, without numerical control, operated boring and milling machines (see 3.2.1, Group 1),
e.g. knee and column type milling machines (see Figures C.1 and C.2);

b) manually, with limited numerical control, operated boring and milling machines (see 3.2.2,
Group 2), e.g. profile and contouring milling machines (see Figures C.3 and C.4);

c¢) numerically controlled milling machines and machining centres (see 3.2.3, Group 3), e.g. automatic
milling machines and milling centres, e.g. multi-spindle milling machines, gear-milling machines
(see Figures C.5, C.6 and C.7);

d) transfer and special-purpose machines (see 3.2.4, Group 4), which are designed to process only pre-
specified workpieces or limited range of similar workpieces by means of a predetermined sequence
of machining operations and process parameters (see Figures C.8, C.9, C.10, C.11, C.12 and C.13).

This document also applies to machines fitted with the following devices/facilities:
— tool magazine(s);

— tool changer(s);

— workpiece handling mechanism(s);

— powered workpiece clamping mechanism(s);

— swarf/chip conveyor(s);

— power-operated door(s);

— additional equipment for turning;

— additional equipment for grinding.

When in this document the sole word “machine” or “machines” is being used, it is referred to all above-
mentioned groups and types of machines.

This document deals with all significant hazards, hazardous situations and events relevant to this type

of machinery which may occur during transportation, assembly and installation, setting, operation,
cleaning and maintenance, troubleshooting, dismantling or disabling according to @'ﬁl@hw
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machinery is used as intended and under conditions of misuse which are reasonably foreseeable by the
manufacturer (see Clause 4).

This document presumes accessibility to the machine from all directions and specifies access conditions
to operator positions. It also applies to workpiece transfer devices including transport devices for
loading/unloading when they form an integral part of the machine.

2 Normative references

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

[SO 230-5:2000, Test code for machine tools — Part 5: Determination of the noise emission

[SO 3744, Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Engineering methods for an essentially free field over a reflecting plane

[SO 3746:2010, Acoustics — Determination of sound power levels and sound energy levels of noise sources
using sound pressure — Survey method using an enveloping measurement surface over a reflecting plane

[SO 4413:2010, Hydraulic fluid power — General rules and safety requirements for systems and their
components

[SO 4414:2010, Pneumatic fluid power — General rules and safety requirements for systems and their
components

[SO 4871, Acoustics — Declaration and verification of noise emission values of machinery and equipment
[SO 6385, Ergonomics principles in the design of work systems

ISO 9355-1, Ergonomic requirements for the design of displays and control actuators — Part 1: Human
interactions with displays and control actuators

IS0 9355-2, Ergonomic requirements for the design of displays and control actuators — Part 2: Displays

ISO 9355-3:2006, Ergonomic requirements for the design of displays and control actuators — Part 3:
Control actuators

[SO 11161:2007 Safety of machinery — Integrated manufacturing systems — Basic requirements. Amended
by 1SO 11161:2007/Amd1:2010.

[SO 11202:2010, Acoustics — Noise emitted by machinery and equipment — Determination of emission
sound pressure levels at a work station and at other specified positions applying approximate environmental
corrections

[SO 11204:2010, Acoustics — Noise emitted by machinery and equipment — Determination of emission
sound pressure levels at a work station and at other specified positions applying accurate environmental
corrections

[SO 11228-1, Ergonomics — Manual handling — Part 1: Lifting and carrying
[SO 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction

[SO 13849-1:2015, Safety of machinery — Safety-related parts of control systems — Part 1: General
principles for design

[SO 13849-2, Safety of machinery — Safety-related parts of control systems — Part 2: Validation

[SO 13850:20185, Safety of machinery — Emergency stop function — Principles for design
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ISO 13851:2002, Safety of machinery — Two-hand control devices — Functional aspects and design
principles

ISO 13854, Safety of machinery - Minimum gaps to avoid crushing of parts of the human body

[SO 13855:2010}, Safety of machinery — Positioning of safequards with respect to the approach speeds of
parts of the human body

[SO 13856-1}, Safety of machinery — Pressure-sensitive protective devices — Part 1: General principles for
design and testing of pressure-sensitive mats and pressure-sensitive floors

[SO 13856-2, Safety of machinery — Pressure-sensitive protective devices — Part 2: General principles for
design and testing of pressure-sensitive edges and pressure-sensitive bars

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

[SO 14118:2000, Safety of machinery — Prevention of unexpected start-up

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

[SO 14120:20185, Safety of machinery — Guards — General requirements for the design and construction of
fixed and movable guards

[SO 14122-1}, Safety of machinery — Permanent means of access to machinery — Part 1: Choice of fixed
means and general requirements of access

[SO 14122-2, Safety of machinery — Permanent means of access to machinery — Part 2: Working platforms
and walkways

[SO 14122-3| Safety of machinery — Permanent means of access to machinery — Part 3: Stairs, stepladders
and guard-rails

[SO 14122-4, Safety of machinery — Permanent means of access to machinery — Part 4: Fixed ladders

[SO 14738, Safety of machinery — Anthropometric requirements for the design of workstations at
machinery

[SO 15534-1, Ergonomic design for the safety of machinery — Part 1: Principles for determining the
dimensions required for openings for whole-body access into machinery

ISO 15534-2, Ergonomic design for the safety of machinery — Part 2: Principles for determining the
dimensions required for access openings

[SO 15641|, Milling cutters for high speed machining — Safety requirements

[SO 16156:2004, Machine-tools safety — Safety requirements for the design and construction of work
holding chucks

ISO 19085-1, Woodworking machines - Safety - Part 1: Common requirements
[SO 19353, Safety of machinery — Fire prevention and fire protection
[SO 23125:2015, Machine tools — Safety — Turning machines

IEC 60204-1:2009, Safety of machinery — Electrical equipment of machines — Part 1: General requirements
[EC 60529, Degrees of protection provided by enclosures (IP code); Corrigendum 2
[EC 60825-1, Safety of laser products — Part 1: Equipment classification and requirements

[EC 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immunity for
industrial environments Documents
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[EC 61000-6-3, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Emission standard
for residential, commercial and light-industrial environments

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

IEC 61800-5-2:2016, Adjustable speed electrical power drive systems — Part 5-2: Safety requirements —
Functional

IEC 62061:2005+AMD1:2012+AMD2:2015, Safety of machinery — Functional safety of safety-related
electrical, electronic and programmable electronic control systems

[EC/TS 62046, Safety of machinery — Application of protective equipment to detect the presence of persons
EN 1005-1+A1, Safety of machinery — Human physical performance — Part 1: Terms and definitions

EN 1005-2+A1, Safety of machinery — Human physical performance — Part 2: Manual handling of
machinery and component parts of machinery

EN 1005-4+A1, Safety of machinery — Human physical performance — Part 4: Evaluation of working
postures and movements in relation to machinery

EN 1127-1:2011), Explosive atmospheres — Explosion prevention and protection — Part 1: Basic concepts
and methodology

[EC 61000-4-2, Electrostatic discharge immunity test
[EC 61000-4-4), Electrical fast transient / burst immunity test

3 Terms and definitions

For the purposes of this document, the terms and definitions given in [SO 12100 and [SO 13849-1| and
the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

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

3.1 General terms

3.1.1

milling machine

machine tool using geometrically defined rotary cutters to remove material in order to produce plane
or formed surfaces on a workpiece while advancing (i.e. feeding) the tool or the workpiece in a certain
direction (axis movement) or certain directions (axes movements)

3.1.2

boring machine

machine tool for boring holes in which the principal motion is a rotating cutter against a non-rotating
workpiece along a feed axis and the diameter of the hole is adjusted by a different axis which is usually
perpendicular to the feed axis

Note 1 to entry: This definition does not include machines exclusively for drilling.

3.1.3
stationary machine
machine which is assembled, installed and intended to be used permanently at a predefined location
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314

boring operation

machining process of enlarging a hole that has already been produced (e.g. drilled or cast), by means of
a single-point cutting tool or a boring head which contains several such tools

3.1.5

numerical control

NC

automatic control of a process performed by a device that makes use of numeric data introduced while
operation is in progress

[SOURCE: [SO 2806:1994, 2.1.1]

3.1.6

computerized numerical control

CNC

realization of NC (3.1.5) using a computer to control the machine functions in which the part program is
generated by inputting data manually at the machine

[SOURCE: [SO 2806:1994, 2.1.2, modified — Manual data input]

3.1.7

manual data input

MDI

mode of operation of a CNC system in which the part program is generated by inputting data manually
at the machine

3.1.8

electro-sensitive protective-equipment

ESPE

assembly of devices and/or components working together for protective tripping or presence-
sensing purposes comprising a sensing device, controlling monitoring devices, output devices and all
interconnecting wiring

[SOURCE: IEC 61496-1:2012, 3.5]

3.1.9

active opto-electronic protective device

AOPD

device whose sensing function is performed by opto-electronic emitting and receiving elements
detecting the interruption of optical radiation, generated within the device, by an opaque object present
in the specified detection zone

Note 1 to entry: [EC 61496-2 gives detailed provisions on AOPD. For applications, see [EC/TS 62044.

3.1.10

pressure sensitive protective device

PSPD

sensor(s) that responds to the application of pressure, a control unit and one or more output signal
switching device(s) and equipment for detecting persons or parts of persons which generates an
appropriate signal to the control system to reduce risk to the persons detected

Note 1 to entry: [SO 13856-1], [SO 13856-2 and [SO 13856-3 give detailed provisions.

Note 2 to entry: Safety-related control system associated with the PSPD or the PSPD itself can further include a
secondary switching device, start interlock, re-start interlock, etc.
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3.1.11
operational stop
stop of the machine movements in the production process

Note 1 to entry: Control functions between control system and machine drives are maintained (torque, speed of
rotation, position).

3.1.12

safe operating stop

SOS

operational stop with additional control system measures for monitoring standstill, preventing
hazardous machine movements due to control system faults

Note 1 to entry: The SOS function prevents the motor from deviating from the stop position by more than a

specified value. The power drive system supplies the motor with energy so that it can withstand external forces;
see also [EC 61800-5-2.

3.1.13

safe stop 1

SS1

function which either

a) initiates and controls the motor deceleration rate within set limits to stop the motor and initiates
the STO function when the motor speed is below a specified limit, or

b) initiates and monitors the motor deceleration rate within set limits to stop the motor and initiates
the STO function when the motor speed is below a specified limit, or

c) initiates the motor deceleration and initiates the STO function after an application specific time delay

Note 1 to entry: This safety function corresponds to a controlled stop in accordance with stop category 1 of

[EC 60204-1]

3.1.14

safe stop 2

SS2

function which either

a) initiates and controls the motor deceleration rate within set limits to stop the motor and initiates
the safe operating stop function when the motor speed is below a specified limit, or

b) initiates and monitors the motor deceleration rate within set limits to stop the motor and initiates
the safe operating stop function when the motor speed is below a specified limit, or

c) initiates the motor deceleration and initiates the safe operating stop function after an application
specific time delay

Note 1 to entry: This safety function corresponds to a controlled stop in accordance with stop category 2 of
IEC 60204-1.

3.1.15

safe torque off

STO

function which ensures that no energy is applied to the motor that can cause rotation or motion (in the
case of a linear motor)

Note 1 to entry: The Power Drive System (PSD) will not provide energy to the motor which can generate torque
or force (in the case of a linear motor).

Note 2 to entry: This safety function corresponds to an uncontrolled stop in accordance to stop category 0 of
IEC 60204-1.
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Note 3 to entry: This safety function may be used where power removal is required to prevent an unexpected
start-up.

Note 4 to entry: In circumstances where external influences (e.g. falling of suspended loads) are present,
additional measures (e.g. mechanical brakes) may be necessary to prevent any hazardous situation.

Note 5 to entry: Electronic means and electric contactors are not adequate for protection against electric shock
and additional measures for isolation may be necessary.

3.1.16
direction control
positive actuation device to select and maintain a movement

Note 1 to entry: A direction control can be a soft key, touch key, push button control or a rotary type button, e.g.
for opening or closing a door or for a movement for clockwise or counter clockwise.

3.1.17

non-combustible materials
materials, excluding wood, with PCS < 3,0 M]/kg ( or AT <50°Cand Am <50 % and tf< 20 s
(), which withstand surface flame attacks and edge flame attacks with 30 s exposure time
without flame spread in excess of 150 mm vertically from the point of application of the test flame
within 60 s from the time of application ([SO 11925-2

3.1.18

short presence

dwelling time of a person staying in the hazard zone less than an accumulated time of one hour, but
never more than 10 min per single exposition, during an 8 h shift

Note 1 to entry: See also [EC 62061:2005, Table A.2.

3.2 Groups of machines

With regard to the applications and the relevant hazards, machines are subdivided into four different
groups. See the overview in Table 1.

Table 1 — Overview of groups of machines

Subclause in which group
Group No. Group name is defined

Group 1 Manpally controlled boring and milling machines without nu- 321

merical control E—
Group 2 Manua_lly controlled bormgla.nd milling machines with limited 329

numerical controlled capability
Group 3 Numerlcal controlled milling machines, milling and machin- 323

ing centres —
Group 4 Transfer and special purpose machines 3.24
3.2.1

Group 1: Manually controlled boring and milling machine without numerical control

machine where axis motion is controlled by actuation of a mechanical handwheel or where powered
single-axis motion is controlled by mechanical, electrical or other means but without the capability for
programmed multiple axes movement

Note 1 to entry: For illustration, see Figures C.1 and C.2.
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3.2.2

Group 2: Manually controlled boring and milling machine with limited numerical controlled
capability

machine that can be operated like a Group 1 machine by the use of mechanical or electronic handwheels
or as a machine with limited NC control by operating controls on the NC panel

Note 1 to entry: For illustration, see Figures C.3 and C.4.

Note 2 to entry: This group of machines may be equipped with some or all of the features of Group 1 machines
(manual machines without NC) and the following:

— alimited numeric control system (NC) providing;

— constant service speed (CSS);

— axis interpolation (i.e. copying/predefined profiling);
— thread cutting cycles.

However, the following features shall not be provided:

— automatic program start;

— automatic initiated tool change;

— unlimited rapid axis movements;

— automatic workpiece change or bar feed system.

3.2.3
Group 3: Numerical controlled milling machine, milling and machining centre
numerically controlled machine capable of performing programmed multiple axis movements

Note 1 to entry: For illustration, see Figures C.5, C.6, and C.7.
Note 2 to entry: Such machines may incorporate facilities for manual control in varying degrees.

Note 3 to entry: It is possible to have different machining processes within Group 3 machinery. For these kind of
processes, e.g. turning, grinding, etc., see relevant standard.

3.24

Group 4: Transfer and special purpose machine

machine designed to process only a pre-specified workpiece or family of workpieces, by means of a
predetermined sequence of machining operations and process parameters

Note 1 to entry: For illustration, see Annex C, Figures C.8 to C.13 and Figures D.7 to D.8.

3.3 Parts of machines

3.31

station of a transfer machine

zone which is processing in each operation of the transfer machine working cycle including also the
fixtures, units, spindle heads and other mechanisms associated with the process performed at a
particular station

Note 1 to entry: See Figures C.11, C.12 and C.13.
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Note 2 to entry: Stations are normally identified by sequential numbering, e.g.:

station 1:  Load station
station 2:  Machining station
station 3:  Gauging station
station 4:  Idle station

station xx: Unload station

3.3.2

electronic handwheel

manual pulse generator

MPG

manually operated control device which initiates and maintains an axis movement by pulse generation
input to the numerical control (3.1.5) during its rotation

3.3.3
workpiece setting station
machine area in which the workpiece is loaded/unloaded

3.3.4
workpiece transfer device
device incorporated in the machine (e.g. pallet changer) to load/unload the workpiece

3.3.5
workpiece load/unload mechanism
mechanism that delivers workpieces to, or removes them from, the machine

3.3.6
feed axis
axis for feeding a cutting tool or a workpiece

Note 1 to entry: “Feed axis” may be driven by one or more feed drives.

3.3.7
work zone
zone where the cutting process is taking place

3.3.8

accessible work zone

zone of a machine where a stationary standing position is required within the work zone for use in
accordance with its intended purpose

3.39
spindle
drive system for rotating a cutting tool (tool spindle)

3.3.10
workholding spindle
drive system for rotating a workpiece in case of turning and grinding operation

3.3.11

counter spindle

spindle which is constructed of two workholding spindles facing each other and those spindles can be
rotated synchronously
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3.4 Mode of safe operations

3.4.1

mode of safe operation

MSO

mode of operation to supply a defined amount of machine functions under predefined safety measures

Note 1 to entry: Mode of safe operation is not a function itself. The functions summarized under the term mode of
safe operation can only be used when that particular mode of safe operation has been activated.

Note 2 to entry: See Clause 5 for safety requirements and measures relating to modes of safety operations.

3.4.2

MSO selection system

facility for manual selection of the machine mode of safe operation, to which only an authorized group
of persons have access

34.21

MSO access device

facility which limits access to an authorized group of persons and prevents accidental or abusive
actuation of the selection system

3.4.2.2
MSO selection device
facility which allows changing the mode of safe operation of a machine

Note 1 to entry: The selection device can be integrated into the access device, e.g. in a key switch (mode of safe
operation selector switch).

3.4.2.3
MSO activation device
device that activates a selected mode of safe operation

3.4.3

mode of safe operation 0

MSO 0

operation of the machine by the operator with non-automatic mode of the machine axes, where the
operator has control over the machining process without the use of pre-programmed operations

Note 1 to entry: MSO 0 is also be referred to as manual mode.

Note 2 to entry: The motion of axes can be controlled by means of a hold-to-run control device, direction control,
electronic handwheels or joysticks.

3.4.4

mode of safe operation 1

MSO 1

automatic, programmed, sequential operation mode of the machine with the facility for manual or
automatic loading/unloading of workpieces and tools, until stopped by program or operator

Note 1 to entry: MSO 1 is also be referred to as automatic mode.

Note 2 to entry: The automatic mode can include an operational interruption for loading/unloading of workpieces

and tools.
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3.4.5

mode of safe operation 2

MSO 2

operation mode in which adjustments and preparations for the following machining process are
performed by the operator(setter) with the possibility that guards are open and/or protective devices
suspended

Note 1 to entry: MSO 2 is also be referred to as setting mode.

Note 2 to entry: Assessments of tool or workpiece position (e.g. by touching the workpiece with a probe or tool in
single step mode) are procedures of the setting mode (see 5.2.4.5).

3.4.6

mode of safe operation 3

MSO 3

limited automatic mode (fixed sequence of separate consecutive steps) started by the operator, which
temporarily allows manual control or numerically controlled operation of the machine, with guards
opened and/or protective devices suspended

Note 1 to entry: MSO 3 is also be referred to as optional special mode for manual intervention under restricted
operating conditions.

3.4.7

mode of safe operation service

MSO Service

operation mode for service and maintenance tasks while guards are open and/or protective devices
suspended

Note 1 to entry: Examples for service and maintenance tasks are checking the accuracy of positioning of an axis
by laser systems, circular interpolation testing, spindle error analysis, vibration analysis, etc.

3.5 Maximum permissible spindle speed and feed rate

3.51

maximum spindle speed

maximum permissible rotational speed for a tool spindle specified and set as a machine parameter by
the machine manufacturer

3.5.2

reduced spindle speed

maximum permissible rotational speed (speed limit) of a spindle limited by control for safety purpose
by the machine manufacturer

Note 1 to entry: The spindle speed for both, tool and workpiece, is reduced for safety reasons in MSO 2, MSO 3
and MSO Service.

3.5.3

maximum feed rate

maximum permissible feed rate of the axes, specified and set as a machine parameter by the machine
manufacturer

Note 1 to entry: The maximum permissible feed rate of the axes depends on constructional limits specified by
the manufacturer of the machine.

3.5.4
reduced feed rate
maximum permissible feed rate limited by control for safety purposes

Note 1 to entry: The feed rate is reduced for safety reasons in MSO 2, MSO 3, and MSO Service.
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3.5.5

safely limited speed

SLS

function to prevent the motor from exceeding the specified speed limit

Note 1 to entry: The SLS function prevents the motor from exceeding the specified speed limit, see IEC 61800-5-
2 and also safety functions in Table ].17, 17.3 and 17.4.

3.5.6

minimum quantity lubrication

MQL

process of using a little quantity lubrication on cutting point by external spray or through-tool systems

Note 1 to entry: The amount to be used depends on the machining process and type of MQL delivery system.

4 List of significant hazards

4.1 General

This clause contains all the significant hazards, hazardous situations and events identified by risk
assessment as significant for this type of machinery and which require action to eliminate or reduce
the risk.

4.2 Main hazard zones
The main hazard zones are the following:

a) working areas with moving spindle(s) and workpiece(s), clamping components for workpiece and
tool clamping, tool changer, copying unit(s), setting places for workpiece(s) and tool(s), coolant
under high pressure, special measuring devices (e.g. laser);

b) handling devices for workpiece loading/unloading;

c) tool magazines and tool changers;

d) areasurrounding the swarfand chip conveyor (if integrated);
e) exposed gear box;

f) exposed cam mechanisms;

g) lead screw (Group 1: manual machines without NC functions);
h) feed screw (Group 1: manual machines without NC functions);
i) ball screw (Groups 2, Group 3 and Group 4 machines);

j) linear and rotary drives.

4.3 Significant hazards and hazardous situations covered by this document

The significant hazards covered by this document are listed in Table 2.
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Table 2 — List of significant hazards and hazardous situations

Causes of hazards Examples of_oper_al tions, Relevant
hazardous situations and . . .
No. and hazardous Possible consequences |clause in this
. . hazardous areas
situations s : document
at milling machines
1 |Mechanical hazards
Manual operations between
the area of tool and parts of the
machine, for milling application, Crushing hazard
especially the work piece support ) 51
or between tool and workpiece Shearing hazard :
Manual operations between the Drawing-in or trapping 5.2
areas of changing mechanisms, hazard
e.g. tool changer / workpiece
11 Approach of a moving |changer or pallet changer
' element to a fixed part Crushing hazard
Feed motion of tool to the workpiece | Shearing hazard 51
Ejected parts 59
Manua_l operations near to the Entanglement hazard
workpiece or machine spindle
Crushing hazard
Clamping of tools and workpieces 5.2.5
Shearing hazard
Operations in the near area of
moving axes and in the area of au-
tomatic loading/ unloading devices
during processing, setting, mainte- Impact hazard
nance, repair Drawing-in or trapping | 4
1.2 |Moving elements Operations on hazard 5_
tool changer/ Crushing hazard 2.2
workpiece changer/ )
pallet changer Shearing hazard
Operations in the area of operating
platforms
Drawing-in or trapping
Unintended contact with the rotat- |hazard 5.1
1.3 |Rotating elements ing tool or rotating workpiece or o .
tool cleaning device Friction or abrasion 5.2
hazard
Uni ded th sh Stabbing or puncture
. nintended contact with sharp hazard 5.1
1.4 ggtte?g parts, sharp edges of machine elements, work- o .
g piece or tool Friction or abrasion 5.2
hazard
Ejection or fall of work material and 5.1
chips during machining, machine
) setting, tool changing, mainte- Crushing hazard 5.2
Falling nance, or shut down 5
Impact hazard =
L5 Jor — falling workpiece; 12
. . Stabbing or puncture I
ejected objects — tool break; hazard AnnexA,
— ejected broken machine ele- Annex B and
ment(s) at or near machine Annex E
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Table 2 (continued)

Causes of hazards Examples of_oper_a tions, Relevant
hazardous situations and . . .
No. and hazardous Possible consequences |clause in this
. . hazardous areas
situations o ; document
at milling machines
Falling of moving machine elements
during machine setting, e.g. during
tool changing or workpiece chang-
ing and weight loaded axes
Crushine h d 5.2.5.5
Breakage during operation rushing hazar
. . 5.2.5.6
1.6 |Gravity Dropping or falling of machine Shearing hazard
elements during transport or setup, ||mpact hazard Annex G, G
e.g. activities in the vicinity of grav- 311
ity-loaded axes
Operations in the area of operating
platforms or pits
Height in relation . . Impact hazard
1.7 to the floor Fall from high situated work places Slip, trip, and fall hazards 5.15
At hydraulic elements during stay at
. or neialr rpachlfn(;, espec}:glly during Penetration or impact of |5.8.1b)
1.8 |High pressure Installation of the machine media under pressure
Start-up and working on coolant | into the skin/eyes 2814
systems
Unrestrained machine or machine Impact hazard
1.9 |Lack of stability part falls or overturns during stay |Crushing hazard 5.13
at or near machine .
Shearing hazard
Operations on ground and in the
area of stairs around the machine,
as well as work at height due to:
— ejection or spillage of metal
cutting fluid, lubricants or hydrau- 513
1.10 |Rough, slippery surface |lic fluid; Slip, trip, and fall hazards | 5.14
— residuals, contained in ejected 515
fluids;
— insufficient railing or other
restraining facilities, especially at
places where a fall hazard exists
2 |Electrical hazards
2.1 |Live parts Contact with live parts Electric shock hazard 5.3
22 Parts v_vhlch have be- |Contact with parts which are live Electric shock hazard 53
come live under fault |by fault
3 |Thermal hazards
Obiects or materials Ejection of hot swarf or workpieces
ject: during milling operation during Burn hazard
3.1 |with high/low tem- stay at and/or near machine, and i 56
perature y , Frostbite hazard
hot/cold surfaces
5.6
. Burn, fall, and bump
3.2 |Explosion hazards Annex E
Annex F
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Causes of hazards Eﬁ:::qﬂfj:;‘:g:{f:::;sﬁ d Relevant
No. and hazardous Possible consequences |clause in this
situations hazardous areas document
at milling machines
5.6
3.3 |Flame Burn hazard Annex E
Annex F
4 |Noise hazards
Permanent hearing loss
Vibration of tool and/or work mate-
Manufacturine process rial while processing, AH further_ (e.g. mechan-
41 |04 rl;ovi;ll elirrl)lents drive and transmission elements, ~|ical, electrical) problems |5 4
g during stay at or near machine due to Interference with
blowing air for cleaning speech communication or
acoustical signals
5 |Vibration hazards
i i Discomfort
5.1 |Vibrating elements Tr_ar}sfer of vibrations from the 57
milling process to the operator Neurological disorder
6  Radiation hazard
Low- and high-fre- At electrical equipment, especially
6.1 |quency electromagnet- duri : Burn hazard 5.5
. o uring setup or maintenance
ic radiation
Optical radiation
(infrared, visible and |At measuring equipment especially e
6.2 ultraviolet), including |during setup or maintenance Eye and skin injuries 85
laser
7 |Material/Substance hazard
Biological
or . .
7.1 |microbiological sub- gonFact with contaminated coole}nt Infection hazard 5.6
uring stay at and/or near machine
stance
(viral or bacterial)
72 | Fluid Skin contact with coolant-, during Skin damage 56
stay at and/or near machine
Inhalation and ingestion of sub-
. stances used or generated during |Difficulties of breathing
7.3 |Mists and vapour operation (e.g. coolant) during stay |poisoning. 20
at and/or near machine
Operating with:
— combustible dust, e.g. alumini- 5.6
74 | Combustible dust um-, titan-, magnesium swarf, and/ |Fire and explosion haz- Annex E
' or ard, burns. 0
— flammable coolant, e.g. oily Annex
coolant
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Table 2 (continued)

Causes of hazards E:;‘:;%fi::;;g:{f:::;sﬁ d Relevant
No. and hazardous hazardous areas Possible consequences |clause in this
situations 1 ; document
at milling machines
8 |Ergonomic hazards
8.1 Design or location of ~ |Misinterpretation of displayed in- 57
' visual display units formation at work place of operator | o]l further (e.g. mechan- |~
Design, location or Mal i fth hi ical, electrical) problems
8.2 |identification of con- aloperation of the machine at due to human errors 57
trol devices work place of operator
8.3 |Excessive effort At control devices and during Fatigue 5.7
8.4 |Body posture handling Musculoskeletal disorders|5.7
Inadequate consideration of anato-
my ?{f hand/arm cl)r}ioot/_leg during Fatigue, Motivation for
8.5 |Repetitive activities workpiece or tool changing defeating of safeguarding 5.4, 5.7
Inadequate consideration of body  |equipment
posture during maintenance tasks
Operations during handling/posi- {.l;(gge;r?renn;nauna(} :(C:E;i)-ns
tioning of work material and the im yaired
8.6 |Visibility, local lighting |tool, during loading/unloading, p 5.7
during machine setting, tool chang- |Fatigue
ing and maintenance
Human errors
Reasonably foreseeable misuse of
the machine
Incorrect work material and milling
tool handling and setting
8.7 Human error / human |Insufficient design of work place All above listed hazards 1511
' behaviour and/or organization of the machin- I
ing process
Inadequate consideration of anato-
my of hand/arm or foot/leg
Faulty mounting
9 |Hazards related to the operational environment of the machine
Electromaenetic inter- Uncontrolled movements (includ- |Crushing, shearing,
9.1 ference 8 ing changes in speed, unintention- |trapping, entanglement |5.8.7
al, unexpected start-up) hazards
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Table 2 (continued)

Causes of hazards Examples of_oper_a tions, Relevant
hazardous situations and . . .
No. and hazardous Possible consequences |clause in this
. . hazardous areas
situations oy . document
at milling machines
10 |Combination of hazards
Fall or ejection of moving ma-
] chine elements or clamped work- 5 g
101 Fallulre of the power piece or tool 2.0
su ;
PPy Failure of stopping moving ele- Crushing hazard =
ments Shearing hazard
Restoration of energy |Uncontrolled movements Impact hazard
10.2 |supply after aninter- |(including change of velocity) unin- . ) 5.8
ruption tended/unexpected start-up EUttln<ig or severing
azar
Fall or ejection of moving ma-
chine elements or clamped work- |Entanglement hazard
piece or tool Drawing-in or
Failure of stopping moving ele- Trapping hazard
ments c g
i i Stabbi t 2.0
10.3 Failure/disorder of the Uncontrolled movements (includ- abbuig of puncture
control system . . hazard 59
ing change of velocity) 2.7
. Friction and abrasion
Unintended/unexpected start-up hazard
Other hazardous situations due to
failure or inadequate design of the
control system

5 Safety requirements and/or protective/risk reduction measures

5.1 General requirements

5.1.1 General

Machinery shall comply with the safety requirements and/or protective/risk reduction measures
of this clause. In addition, machinery shall be designed according to the principles of [SO 1210( for
relevant but not significant hazards, which are not dealt with in this document.

For guidance in connection with risk reduction by design, see [SO 12100:2010, 6.2, and for safeguarding
measures, see [SO 12100:2010, 6.3.

Machinery shall be designed and safeguarded in accordance with the specific requirements and/or
protective measures listed in this clause. All requirements and/or protective measures are given in
this clause.

NOTE An analysis of the failure of machine components, including failure in the control system(s), is part
of the risk assessment guidance on this subject and is given in ﬁSO 13849-2. Generally used safety functions and
their required performance level (PLr), including all associated categories in accordance with , are
listed in Tables ].2 to ].22. Typical demand rates are specified in Table L.1.

5.1.2 Required characteristics for guards of all machine groups

5.1.2.1 General

The work zone shall be enclosed by fixed and/or interlocked movable guards during machining
operations.
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Guards shall be in accordance with [SO 14120. The fixing systems of fixed guards shall remain attached
to the guards or to the machinery when the guards are to be removed in accordance with the intended
use of the machine for routine cleaning, setting and maintenance operations by the user of the machine.

5.1.2.2 Fixed guards
The requirements are the following.

a) Where enclosure is not reasonably practicable (e.g. due to the size of the workpiece, its geometry,
other special characteristics of the machine or its application), operators and other exposed
persons shall be safeguarded by a combination of other means (e.g. protected operator position
by a cabin perimeter fence, other protective devices). For example, where external equipment (e.g.
crane) is used to load/unload workpiece to a large size machine, cabin and perimeter fence are
more practical safeguards rather than an enclosure.

b) Where guards are floor-mounted (e.g. perimeter fencing), they shall be fixed securely and have at
least a height of 1 400 mm and a distance in accordance with [SO 13857:2008, Table 2 to prevent
access to the hazard zone. Any opening between the bottom of the guard and the floor shall not
exceed 200 mm (see I1SO 11161:2007/Amd1:2010, 8.5.2). Where operator access through these
guards is required (e.g. load/unload) ergonomic reasons dictate that these requirements can be
waived as long as the relevant requirements of Table .6, Table ].8, Table ].9 and Table ].10 are met
and there is no hazard posed to the operator in carrying out this task.

c¢) For the guarding of drives, access to mechanical power transmission drives (e.g. chains and
sprocket wheels, gears, feed screws, ball screws, etc.) shall be prevented by fixed guards (including
telescope type guards), unless they are safe by sufficient distances (see [SO 13857:2008, Table 2).
If access to these parts is required during normal operation of the machine more frequently than
once per shift, interlocked movable guards shall be provided.

5.1.2.3 Moveable interlocked guards

a) Movable interlocked guards shall be interlocked with or without guard locking in accordance with
ﬁSO 14119 in order to prevent access to hazardous areas where hazardous machine movements
take place. It shall be ensured that the hazard zone cannot be reached when opening an interlocking
guard before the hazardous machine motion has stopped (see [SO 13855:2010, 9).The selection of
interlocking devices shall be in accordance with [SO 14119:2013, 6.

b) A detected failure in the interlocking device, i.e. function or arrangement, shall result in a stop of
the machine initiated by a safety related stop function according to Annex J. Only for control with
integrated safety technology, SOS in accordance with ‘ satisfies the above-mentioned
requirements (SS2-stop). This measure does not apply in all cases, where the stop itself is also
afflicted by error (e.g. energy loss).

5.1.3 Power-operated moveable guards for user access

5.1.3.1 General
Requirements regarding accessing the work zone (see 5.2.3.1) shall also apply.

It shall not be possible in MSO 1 to start the movement of the machine until the guard is fully closed.
Closing of the guard can be used as a start command for the machine, if the guard system meets the
requirements of [SO 12100:2010, 6.3.3.2.5.

Movements of gravity loaded power-operated guards shall not result in any hazardous situation when
power loss takes place.

Power operated movable guards for user access can be realized as automatic power operated movable
guards or manually controlled power operated movable guards.
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5.1.3.2 Power-operated moveable guards where motion is initiated automatically by the
control system

a) Where whole body access to the work zone is not foreseen

Pressure sensitive edges or reduced forces shall be provided. They shall be in accordance with
[SO 12100:2010, 6.3.3.2.6 and ISO 14120:2002, 5.2.5.2 and shall be equipped with a protective
device to avoid shearing hazards at the front edge or shall be provided with round edges with a
radius of at least 2 mm for each edge and a combined value (sum of the two radii) of at least 6 mm.

— Ifpressure-sensitive edges are provided, they shall be fitted on the total length of the front edge
up to a maximum height of 2 700 mm above the floor or platform (IS0 13857:2008, 4.2.1.3). The
pressure-sensitive edge shall be in accordance with [SO 13856-2. While opening there shall be
no hazards posed by crushing and shearing edges.

— Ifreduced forces are used, the force to prevent the guard from closing shall not exceed 75 N and
the kinetic energy of the guard shall not exceed 4 ]. When the guard is fitted with a protective
device which automatically initiates reopening of the guard on actuation, this may be a
maximum of 150 N and the kinetic energy a maximum of 10 J.

Limitation of energy and forces shall be done according to [SO 1412(Q and length of time period
according to [EN 16005,

b) Where whole body access to the work zone is foreseen

In addition to 5.1.3.2 a), further additional measures according to 5.2.3.2 c) 3) shall be provided
to prevent entrapment in the hazard zone and a start command for closing of the power operated
moveable guard shall only be possible from outside the accessible hazard zone.

5.1.3.3 Manually controlled power-operated moveable guards

For manually controlled power-operated movable guards, one of the following protective measures
shall be provided.

a) Manual operation of the power-operated guard by means of two-hand control. Fixed operator
position in case of movement of the power-operated guard by means of arranging the operator
panel in a position in sufficient distance to the hazard area ([SO_13855:2010, Clause 8), at least
100 mm with adequate shrouding with the two buttons B1 (first hand) and B2 (second hand) of a
two-hand control (according to ISO 13851);

Or

b) Manual operation of the power-operated guard by means of enabling device ([SO 12100) and
direction control.

— A minimum distance to the hazard area is not mandatory for the operator.

— Enabling device and direction control are mounted on an operating desk or on a portable manual
operating desk to ensure full visibility to the hazard area for the operator.

— As long as there is only an impact hazard (gap > 300 mm), travel speed up to 25 m/min is
allowed.

— When the gap between the movable power-operated guard and the fixed guard is less than
300 mm presenting a shearing or crushing hazard, a maximum travel speed of only 5 m/min is
allowed.

— By releasing the enabling device (first hand) or the direction control device (second hand), the
drive should decelerate to a standstill as quickly as possible (IEC 60204-1:2009, 9.2.2);

Or
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c¢) Manual operation of the power-operated guard by single-handed control. For single-handed
control, the location of the hold-to-run control device shall be in a fixed safe position. By releasing
the single-handed control device, the drive shall decelerate to a standstill initiated by a safety
related stop function according to Annex |.

NOTE Safety functions are to be found in Table ].13.
5.2 Specific requirements resulting from mechanical hazards

5.2.1 Protective measures for Group 1 machines

The following requirements for safeguarding of Group 1 machines shall be fulfilled.

a) To inhibit access to the cutting tool (figures in D.1), adjustable cutter guard(s), adjustable %uard!s{
or interlocked movable guard(s) shall be provided. Guards shall be in accordance with [SO 1412
interlocking shall be in accordance to [SO 14119,

b) An electrical interface shall be provided to connect an interlocked movable guard with the control
of the machine, e.g. to prevent spindle rotation when the guard is open.

c) Regarding handwheels, the hazard of entrapment, trapping and impact resulting from power
rotation of handwheels shall be prevented, e.g. by automatic disengagement or by using plain solid
(no spokes) handwheels with either no pegs or sprung to safe position pegs.

d) Protective clothing and training are important. As the operator is not completely protected from
ejection hazards in the work zone, special attention shall be given to the documentation, i.e.
the instructions for use, to ensure that the operator has the required qualification and uses the
personal protective equipment (PPE), e.g. safety glasses, tight fitted clothing, etc. (see instructions
in 6.3.1 p) and, as far as possible, uses additional safety devices, adapted to the pending machining
process.

e) Continuous powered axis feed rate shall not exceeding 2 m/min and/or a hold-to-run controlled
rapid traverse axis speed not exceeding 5 m/min.

If Group 1 machines provide continuous powered axis feed speed exceeding 2 m/min and/or hold-to-
run controlled rapid traverse axis speed exceeding 5 m/min, then the requirements of 5.2.2 for Group 2
shall also apply to Group 1 machines.

5.2.2 Protective measures for Group 2 machines

The characteristics of guards and specific requirements for Group 2 machines are the following.

Guards shall be in accordance with [SO 1412(, interlocking shall be in accordance with [SO 14119
Guard locking (SO 141@) shall be provided when opening of the interlocked movable guard
provides access to any hazards during deceleration (i.e. run-down); see [SO 13855:2010, 9.

a) The work zone shall be guarded with fixed and/or interlocked movable guard(s) (see '%ure D.2 g

b) Anymachine movements shall only be possible when the interlocked movable guard(s) are/is closed.
Interlocking devices shall be in accordance with . Opening of an interlocked movable
guard shall cause the hazardous movements to stop and to be inhibited. The stop shall be in
category 0 or category 1 according to IEC 60204-1:2009, 9.2.5.3. For control with integrated safety
technology, SOS, SS2, SS1, and STO in accordance with satisfy the above-mentioned
requirements.

c¢) When powered machine movements are required with the movable guard open (e.g. for setting),
these movements shall only be permitted under the following restrictions:

1) Axis feed moving speed shall be limited to 2 m/min and initiated and maintained with a hold-
to-run control device ([SO 12100:2010, 3.28.3).
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2) Spindle rotation shall be initiated and maintained by one of the following means:
— ahold-to-run control device;

— a spindle start device together with an enabling device. When a manual data input (MDI)
followed by command “cycle start” is carried out, the axis and spindle movement shall be
initiated and maintained only while the enabling device is actuated. Releasing the enabling
device shall initiate a safety related stop function according to Annex J. For control with
integrated safety technology, SOS, SS1, SS2, and STO in accordance with |@EC 61800-5-2
satisfy this requirement.

3) The rotational speed of the spindle shall be limited by the capability to stop the rotation, while
the moveable guard is open and the safety functions are effective. After a stop command, the
spindle shall stand still within 2 revolutions without tool. In case of power loss or errors in the
control or the power elements, coast of spindle drive is permissible.

d) Fixed and/or interlocked movable guard(s) shall be provided to prevent access to moving machine
elements with linear speeds greater than 15 m/min; where only an impact hazard exists; or
2 m/min where a crushing, shearing or trapping hazard exists. The safety distances for guards
to prevent the operator or other exposed persons from reaching into the hazard zone shall be
according to [SO 13857:2008, Table 4 to Table 7.

5.2.3 Protective measures for Group 3 and Group 4 machines

5.2.3.1 Access to the work zone

Guards shall be provided to reduce the risks listed in Table 2 (e.g. entanglement, crushing, shearing,
etc.) by preventing access to dangerous parts/areas of the machines (see Clause 4). General guidance
for the selection of safeguards, where the hazards from moving parts cannot be avoided by design, is
given in 5.1.2 and in [SO 12100:2010 Table B.1. For features of guards used to minimize the hazards of
ejection, see 5.12.

The work zone shall be enclosed where reasonably practicable by fixed and/or interlocked movable
guards during machining operations. Where enclosure is not reasonably practicable (e.g. due to the
size of the workpiece, its geometry, other special characteristics of the machine or its application),
operators and other exposed persons shall be safeguarded by a combination of other means (e.g.
protected operator position by a cabin, perimeter fence, other protective devices). For example, where
external equipment (e.g. crane) is used to load/unload workpiece to a large size machine, cabin and
perimeter fence are more practical safeguards than an enclosure. See 5.16 for more information on
operator cabins and perimeter fencing.

All protective equipment for detecting access to the work zone, such as ESPE or PSPD, shall be in
accordance with the following standards:

— ESPE, see [EC 61496-1] [EC 61496-7, [EC 61496-3;

— PSPD, see [SO 13856-1], [SO 13856-2, [SO 13856-3.

NOTE See 3.1.8 for ESPE and 3.1.10 for PSPD.

Distances between the protective equipment (e.g. AOPDs) and the work zone shall be in accordance
with [SO 13855 in regards to the approaching speed.

5.2.3.2 Characteristic of guards

The characteristics of guards and specific requirements for Group 3 and Group 4 machines are the
following:

a) Mounting: Where reasonably practicable, work zone guarding shall be fixed to the structure of the
machine (see ISO 14120:2015, 3.2.1). For examples, refer to Figures D.3 to D.8.
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b) Observation: Where routine observation of the machine operation is required, means (e.g.
windows) shall be provided so that this can be achieved without the need to open, remove or
suspend any work zone guarding or other protective device(s) (see also Table 2, 8.6 on visibility
and local lighting).

c) Interlocking of guards:

1) All guards through which frequent access of more than once per shift to hazardous movements
is required during operation, shall be designed as interlocked movable guards. The opening of
a guard or actuation of a protective device, in any MSO, shall cause the safety requirements of
the selected MSO to be initiated (see ISO 14118). If opening of an interlocking movable guard
exposes the operator(s) to crushing, shearing, cutting or severing, entanglement, drawing in or
trapping, impact, stabbing or puncture hazards, guard locking shall be provided ([SO 14119).

If prolonged movement (e.g. coast of spindle) is to be expected after a power failure, access to the
machine shall be prevented by guard locking device in de-energized state.

2) Measures to minimize possible defeat of interlocking device(s) shall be taken (see
[SO 14119:2013, 7).

3) When persons can have whole body access or can remain in the hazardous zone(s) without
being visible to the operator, means to inhibit restart shall be provided. These means can be

— presence-sensing protective equipment,
— door closure inhibition by technical means (e.g. secured by padlock),
— double acknowledgement (inside and outside the protective device), or

— acknowledgement from a position that allows viewing the hazardous area (direct activation of
the guard locking device)

Protective devices (e.g. gravity, spring operated or padlock) shall be available to prevent unattended
closing of guards and trapping of persons or there shall be devices available (e.g. gravity or spring
operated) to prevent closing of the guards.

4) Interlocking guards with a start function (control function) shall only be used ifall requirements
of [S0 12100:2010, 6.3.3.2.5 are fulfilled.

5) When interlocking devices with guard locking are used and whole body access is possible,
either the locking is power-on applied, power-on released ([SO 14119:2013, 4.3.3) or an escape
released ([SO 14119:2013, 5.7.5.2) shall be provided.

d) Multiple work zones: Where more than one work zone is provided on a single Group 3 machine,
safeguards (e.g. fixed or movable interlocked guards or protective devices) shall protect the
operator(s) from adjacent active work zone hazards (e.g. when loading or unloading workpieces
in a non-active work zone, cleaning). Unauthorized movement of the machine into an adjacent
non-active work zone shall be prevented using a limiting device, e.g. mechanical stops, range
limit switches, light beams.

e) Alternatives to enclosures:

— Access to the work zone by operator(s) from the normal (fixed) operating position shall be
prevented by local guarding (typically forming a cabin; see Figure D.6). See also 5.16.3 for
requirements of accessing the operator cabin/platform and/or 5.16.4 for requirements of
accessing machinery that is safeguarded by perimeter fencing.

— Access to the work zone by persons other than the machine operator shall be prevented (see
also 5.16.3 for requirements of accessing cabin/platform and/or 5.16.4 for requirements of
accessing machinery by usage of perimeter fencing).
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5.2.4 MSO of machine operation

5.2.4.1 General requirements

Table 3 gives an overview of the mandatory, optional or not allowed modes of safe operation (MSO).

Table 3 — Overview of machine groups and modes of safe operation

Group 1 Group 2 Group 3 Group 4
Manually controlled Manually controlled | Numerical controlled Transfer and
Mode of safe boring and milling boring and milling milling machines, special purpose
operation (MSO) machines without machines with limited milling and machines
numerical control numerical controlled | machining centres
capability
MSO0 0 Mandatory Mandatory Not allowed Not allowed
manual mode
MSO 1 Mandatory
automatic mode Not allowed see5.2.2 Mandatory Mandatory
MSO 2 .
setting modea Not allowed Optional Mandatory Mandatory
MSO 3
special mode for
manual inter-
vention under Not allowed Not allowed Optional Optional
restricted
operating condi-
tionsa
MSO.Serv1cea Not allowed Optional Optional Optional
service mode
a In order to allocate access authorization, it may be necessary to provide different key switches (or other
appropriate access means) for one machine.
NOTE 1 Example of implementation:
Key 1: Access to setting mode (and automatic mode) for setting staff [see 6.3.1 a) 3)];
Key 2: Access to NC program code and user related NC-parameter modifications for adequately trained staff
[see 6.3.1 a) 3]].
Key 3: Access to mode of safe operation 3 for adequately trained an authorized staff [see 6.3.1 a) 3)].
Key 4: Access to service mode for trained service staff of the machine user [see 6.3.1 a) 3)].
NOTE 2 In most applications, key switch 1 (setting mode) and key switch 2 (NC program code access) can be
identical.

If the machine is designed and built so that several modes of safe operation (MSO) of machine operation
(see Table 3) with different protective measures and/or methods of operation are possible, the machine
shall be equipped with a MSO selection device.

5.2.4.2 Requirements for MSO selection system (Group 2, Group 3 and Group 4 machines only)

The selection of a MSO shall be done according to Figure 1.

The MSO selection system consists of a security system (named Security in Figure 1) and a safety
system [named Safety (SRP/CS) in Figure 1]. The sole purpose of the security system is the prevention of
unauthorized access to the safety system, which contains the actual MSO selection device and the MSO
activation device. The security system itself is not a safety related part of the control system (SRP/CS).
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MSO selection system

Security Safety (SRP / CS)
MSO access device MSO selection device MSO activation device
Access by » (Input) » (Logic)
. K
. F’:stord Selection device of MSO Logical control of input data
Electronic key
Other equally secure means

Figure 1 — Border between security system and safety system

The MSO access device (security) and the associated control system arrangements (SRP/CS) shall
ensure that only one MSO is selected and enabled at any time. For requirements concerning safety
functions, see AnnexJ.

The selection of a MSO shall only be permitted from outside the hazardous areas.

The MSO selection system shall be capable of being locked in the selected position. Mode selection
by itself shall not initiate machine operation. The following requirements shall be fulfilled for MSO
selection.

a) Ifmore than one location (control console) is available for MSO selection at a hazard zone of several
machines or interacting partial machines and a different mode of safe operation than MSO 1 is
selected from an arbitrary control console of a dedicated hazard zone, the automatic cycle shall be
interrupted for this particular hazard zone before access to this hazard zone is enabled.

b) Every selected MSO shall be indicated visually [e.g. by visual display on the operating panel,
by coloured signal lamps or a text on the user interface (HMI - Human Machine Interface)].
See also 5.2.4.8 and Table 4. In special cases, if necessary, audible signals can also be used
(ﬁSO 11161:2007 8.10).

c¢) Dynamic mode selection is not permitted when the machine is running. A dynamic transition
between MSO 1 and MSO 3 is applicable to Group 3 and Group 4 machines only (see 5.2.4.6).

d) Where a machine has more than one control station, measures shall be provided to ensure that
initiation of commands from different control stations do not lead to a hazardous situation
(IEC 60204-1:2009,9.2.5.1).

5.2.4.3 Mode of safe operation 0: Manual mode (MSO 0)
When MSO 0 is selected, the following requirements apply.

a) If interlocked moveable cutter or interlocked moveable table guards are provided, the spindle
rotation shall only be initiated manually by a control device provided for that purpose when
these guards are closed. Movement of spindle with these guards open shall only be initiated and
maintained with the enabling device actuated. Releasing the enabling device shall initiate a safety
related stop function of the spindle rotation according to Annex J.

b) Axis feed movements shall be possible with interlocked moveable table guards closed and traverse
movement speed shall be limited to 5 m/min. Axis feed movement with open interlocked moveable
table guards shall be manually selectable and shall only be possible by hold-to-run control with
2 m/min limited speed.

c) Rapid traverse movements shall be manually selectable and shall only be possible by hold-to-run

control.
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d) With controllable power-driven feed axes, only one feed axis movement is allowed at a time. The
spindle is permitted to rotate at the same time. Releasing the enabling device stops the spindle and
feed motion initiated by a safety related stop function according to Annex J.

5.2.4.4 Mode of safe operation 1: Automatic mode (MSO 1)

MSO 1 is the standard mode for production and can use the full performance of the machine. Manual
movement of the machine axes and operation with running spindle drive is permitted with all safeguards
active and guards closed via hold-to-run device or MPG (i.e. electronic handwheel) operation. When
MSO 1 (automatic mode) is selected, the following conditions apply before the machine is started.

a) Moveable interlocked guards which give access to the work zone shall be closed and the protective
devices shall be active to permit and maintain operation in automatic mode.

b) If whole body access to the hazardous area is possible, it shall be ensured that no persons are
present in that area. If it cannot be ensured that persons can be seen from the position where the
control devices for start/restart are located, additional protective measures are to be provided,
such as presence-sensing devices or double acknowledgement inside and outside the accessible
work zone, or audible or visual warning ([SO 11161:2007 8.10).

c¢) Where multiple main control cycle start devices are provided and the operators can therefore put
each other in danger, only one shall be enabled at any time [[SO 12100:2010, 6.2.11.8 €)]. If it is
possible to start the same hazardous element by means of several controls, the control circuit shall
be arranged that only one control is effective at any given time.

d) For start/restartin MSO 1, the following requirements shall be fulfilled:
— the start/restart shall only be initiated from a control station where no hazard exists;

— all protective devices including their safety related functions shall be properly arranged
and active;

— it shall be ensured that a start/restart is not initiated unintentionally (e.g. shrouded push
button);

— the control device(s) for start/restart shall be located to allow a clear and unobstructed view to
persons within the hazardous area.

Movements only associated with loading/unloading of tools/workpieces in MSO 1 with guards
open shall be possible with specific requirements stated in 5.2.5.1 e (machine with tool magazine),
5.2.5.2 ¢ (machine with tool changer), 5.2.5.3 d (machine with workpiece handling mechanism),
5.2.5.4 (machine with workpiece setting station) and 5.2.5.5 b (machine with workpiece clamping
mechanism).

e) Machining in MSO 1 is permitted by operating machine axes with a hold-to-run control or an
electronic handwheel when guards are closed.

5.2.4.5 Mode of safe operation 2: Setting mode (MSO 2)

5.2.4.5.1 Basic specifications

MSO 2 is a mode of operation which allows the operator to perform adjustments for the following
machining process with movable interlocked guards open and/or protective devices suspended.
Assessment of the tool and workpiece position, e.g. by touching the workpiece with a probe or tool, is
part of the setting mode.

No machining is permitted in MSO 2 with either the moveable interlocked guards closed or open.

When changing to MSO 2 from any other MSO, the working cycle shall firstly be interrupted and then
access to the work zone can be enabled (e.g. by unlocking the interlocked guard with guard locking).
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When a hold-to-run control device or electronic handwheel is used, single axis movement and spindle
rotation shall be initiated and maintained only while the enabling device is actuated. Releasing the
enabling device shall initiate a safety related stop function according Annex ]. An enabling device
is not required if the hold-to-run control device or electronic handwheel complies with the safety
requirements according to 5.8.5.

When a manual data input (MDI) followed by command 'cycle start' is carried out, single axis and spindle
movement shall be initiated and maintained only while the enabling device is actuated. Releasing the
enabling device shall initiate a safety related stop function according Annex J.

The required movements in MSO 2 shall be limited to pre-set sequential steps, which, however, shall not
represent a full automation.

5.2.4.5.2 Range of functions

When any interlocked movable guard is open and/or a protective device is suspended, hazardous
powered machine movements shall only be permitted under the following conditions:

a) singular linear axis feed movements

— shall be limited to a maximum of 2 m/min, or

— the movement shall be in steps with a maximum increment of 10 mm;
b) for rotary axes (including workpiece and workholding spindle),

— peripheral speeds shall be limited to 15 m/min, and

— rotation speed shall be limited to 50 r/min (ISO 23125:2015, 5.2.4.4.1 f);

c) spindle speed shall be limited by its braking ability. After a stop command the spindle shall stand
still within two revolutions without tool.

NOTE The number of two revolutions only refers to the displacement/angle covered by the deceleration
procedure. Response time of the operator is not included, e.g. releasing the enabling device and control are
not included.

d) Where whole body access is possible, the limits of rotational speed or axis feed movements or
incremental distance [defined in a), b) and c) above] shall be monitored (see 5.8.6 and speed limit
control in Table J.17, 17.3 and 17.4). A stop shall be initiated when the speed limit is exceeded. The
stop function of the movement shall be initiated by a safety related stop function according to
Annex |. If whole body access is not foreseen, an enabling device or a hold-to-run device may be
implemented instead of speed monitoring.

e) Means shall be provided to prevent hazardous movements of vertical or slant axes under gravity
(e.g. brakes, counter balance, Annex G).

f) Unguarded swarf/chip conveyor movements shall only be initiated and maintained by a hold-to-
run control device or an enabling device (first hand) in conjunction with a direction control (second
hand) (see ].11.2 to ].11.4) but not in conjunction with feed axes and spindle movement.

g) For Group 3 and Group 4 machines only: Automatic tool- and workpiece changing mechanisms shall
remain inhibited in case of pending operations within the work zone. Initiation of their automatic
movement shall only be possible by reselection of MSO 1. Manually controlled single movements of
tool- and workpiece changing mechanisms are permitted in conjunction with an enabling device.
Every movement shall be initiated by a start command. This can be achieved by, e.g. MDI.
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5.2.4.6 Mode of safe operation 3: Optional special mode for manual intervention under
restricted operating conditions (MSO 3)

5.2.4.6.1 Basic specifications

MSO 3 permits use of the machine under manual or numerical control with guards open and/or
protective devices suspended.

The risk in MSO 3 is significantly higher than in MSO 1 due to open guards and suspended protective
devices respectively. To adequately reduce the overall risk over the service life of the machine, the
duration of use, and therefore the fraction of MSO 3 shall be limited to the absolute necessary minimum.
The overall risk decreases proportionally with a shorter period of use of MSO 3.

By limiting the machine's performance in MSO 3, a motivation to switch back to the higher performing
MSO 1 mode, is given in this document.

The change from MSO 1 to MSO 3: First the operating conditions of MSO 1 shall be reduced to those
demanded in MSO 3 and shall be monitored. Then the relevant safety requirements (e.g. the possibility
for temporarily/partly opening of guards or the interruption of protective devices) shall be allowed.

The change from MSO 3 to MSO 1: First the higher safety requirements of MSO 1 (e.g. movable guards
closed or light curtain activated) shall be activated and monitored, then the higher values of the
operating conditions of MSO 1 shall be allowed.

MSO 3 shall only be provided when details of the intended application are known and the operators are
trained and authorized by the machine manufacturer or supplier. The required skill level of operators
shall be defined in the instruction handbook (see 6.3.1, a), 3).

Turning operations are not permitted in MSO 3 (see [SO 23125)).

5.2.4.6.2 Range of functions
When MSO 3 is provided and activated, the following conditions shall apply.
a) Individual axis speed shall

— be limited to 5 m/min, or

— the movement shall be in steps with a maximum increment of 10 mm.
b) For rotary axes (including workpiece and workholding spindle),

— peripheral speeds shall be limited to 15 m/min and

— rotation speed shall be limited to 50 r/min [see also [SO 23125:2015, 5.2.4.4.1 f)].

c) Spindle speed shall be limited by its braking ability. After a stop command the spindle shall stand
still within five revolutions without tool.

NOTE The number of five revolutions only refers to the displacement/angle covered by the deceleration
procedure. Response time of the operator is not included, e.g. releasing the enabling device and control are
not included.

d) Where whole body access is foreseen, the limits of rotational speed or axis feed movements or
incremental distance [as defined in a), b) and c) above] shall be monitored (see 5.8.6 and speed limit
control in Table ].17, 17.3 and 17.4). When the speed limit is exceeded, a safety related stop function
according to Annex | shall be initiated.

e) Non-programmed movements shall be achieved as follows.

1) Spindle rotation shall be initiated by a spindle start control device together with an enabling
device and maintained by the enabling device.
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2) Axis movements shall be initiated and maintained by one of the following means:
— ahold-to-run device; or

— an electronic handwheel; or

— manual data input (MDI) followed by cycle start together with an enabling device.

f) Execution of a program shall be initiated by a cycle start control device in conjunction with an
enabling device and maintained by the enabling device.

g) The requirements of MSO 2 in 5.2.4.5.2, €), f) and g) shall also apply.

h) In any of the above cases, the release of the enabling device shall initiate a safety related stop
function according to AnnexJ.

i)  Where ergonomic considerations in the application of MSO 3, make the use of an enabling device
impractical (e.g. because the duration of necessary process observation/intervention exceeds an
acceptable fatigue time for the machine operator to actuate the enabling device or the manipulation
of multiple parameter control devices prevents the sustained operation of an enabling device), then
a combination of alternative engineering control measures, to reduce entanglement and crushing
risks, shall be substituted for the enabling device. Two examples of accepted alternative engineering
control measure combinations are:

1) A standing position safe from the machine movements for the operator that is monitored by an
active optical protection device (ESPE), e.g. a scanning device or light curtain, but excluding
the use of a pressure sensitive mat or similar easily defeated device, together with

— activation with a MSO selection device,
— areadily accessible emergency stop control device shall be provided,

— a design that initiates a stop function by triggering a pressure sensitive protective device(s)
(PSPD) shall be applied to all moving machine elements that pose a crushing risk,

— the monitoring for reduced spindle and axes speeds shall satisfy the requirements of Table ].17,
17.3 and 17.4 (see also 5.8.6), and

— identification of appropriate personal protective equipment (PPE), e.g. safety goggles, protective
shoes, etc., shall be provided in the Instructions for Use [see 6.3.1 a)2) and p) and 6.3.8].

2) Protection against entanglement risk by means of a fixed guard enclosing the rotating spindle
and cutter or an ESPE (e.g. AOPD, light curtain) around (or in front of) the rotating spindle and
cutter (the position of AOPD shall fulfil the requirements of [SO 13855) together with

— activation with a MSO selection device,
— areadily accessible emergency stop control device shall be provided,

— pressure sensitive protective device(s) shall be applied to all moving machine elements that
pose a crushing risk,

— the monitoring for reduced spindle and axes speeds shall satisfy the requirements of Table ].17,
17.3 and 17.4 (see also 5.8.6), and

— identification of appropriate personnel protective equipment (PPE) shall be provided in the
Instructions for Use [see 6.3.1 a)2) and p) and 6.3.8].

NOTE Examples of work situations and work tasks, where MSO 3 is needed, are given in
ISO/TR 16090-21).
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j)  Toreduce ejection risks, the cutting speed employed in any MSO 3 application shall be in accordance
with iSO 15641

5.2.4.7 Mode of safe operation, service (MSO Service)

MSO Service shall only be provided to service staff, who is trained and authorized by the machine
manufacturer.

a) Appropriate safety instructions shall be provided in the instructions for use.

b) Movements of automatic workpiece changing mechanisms shall, if applicable, be carried out with
reduced speeds. The individual steps shall be initiated in succession.

c) Means shall be provided to prevent hazardous movement of vertical or slant axes under gravity,
e.g. redundant restrain system (see Annex G). For requirements concerning safety functions, e.g.
control function, to prevent unintended descent of vertical or slant axes, see Annex J;

d) Additional safety measures shall be provided, such as secondary guards, barriers or screens in
combination with warning signs;

e) MSO Service will enable restricted automatic functionality of the machine or parts of it, at which
the main guards of the individual work zone can be open. The restrictions are as follows.

1) Before selecting MSO Service, a chain with warning sign shall be set up. The warning sign
indicates that service operations are being conducted on the machine and that unauthorized
persons are not permitted to pass beyond the point of the chain.

2) Machining is not permitted in service mode and shall be systematically prevented as far as
possible.

3) Simultaneous rotation of the spindle and axis motion is allowed only for measurement and
calibration tasks.

4) If movement of tool changer and/or tool magazine is foreseen, automatic tool changing
movements or tool magazine movement shall be initiated by a hold-to-run control device or
start button. It shall be possible to initiate the individual steps successively.

5) Ifthe hazard analysis indicates that the pressure of coolant injection can create hazards while
interlocking guards are open, the coolant ejection shall be disabled.

6) Movement shall be initiated from a control device located outside the reach of hazardous
movements or, if feasible, a movable control station.

f) Multiple axes interpolation is permitted.

5.2.4.8 Symbols for displaying MSO on machines

For identification of the mode of safe operation for machines, the letter code (e.g. MSO 0 or manual
mode) or the following standardized symbols shall be used on the command devices and if necessary
on the SPS/NC display:
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Table 4 — Symbols for displaying modes of safe operation on machines

en: Meaning
Mode of_safe IS0 369/[S0O 7000 Symbol fr: Référent
operation reference no. de: Bedeutung
en: Manual control
MSO 0 ISO 369-5.1-13
fr: Commande manuelle
Manual mode 1SO 7000-0096
de: Handbetatigung, Handsteuerung
Automatic control (closed loop)
MSO 1 ISO 369-5.1-15 €M Commande automatique (boucle fer-
. fr: mée)
Automatic mode 1SO 7000-0017
de: Automatikbetrieb (geschlossener
Kreislauf)
en: Setting
MSO 2 [SO 369-5.1-12 fr: Rl
. r: Réglage
Setting mode [SO 7000-0910 gas
de: Einrichten
MSO 3 en: Testrun
Automatic mode 1SO 7000-1942 fr: Session d'essai
with manual in-
tervention de: Testlauf
en: Call for maintenance
MSO Service ISO 369-5.1-44 ) )
. fr: Appeler le service de maintenance
Service mode 1SO 7000-0717
de: Kundendienst rufen

5.2.5 Optional or additional equipment for machines

5.2.5.1 Additional requirements for tool magazine(s)
If the machine is equipped with tool magazine(s), the following requirements shall be fulfilled.

a) Accessto hazardous movements of the tool magazine shall be prevented by fixed and/or interlocked
movable guards (see [SO 14119:2013, Clause 7 and Annexes) or the hazardous movements shall be
suspended or inhibited by protective devices. Where routine observation of the tool magazine is
required, means (e.g. windows) shall be provided.

b) When the interlocked movable guards are opened or the protective devices are suspended, the tool
magazine drive(s) and other hazardous movements shall be stopped and further movements shall
be inhibited.

c) Access openings shall be in accordance with ISO 15534-1 and ISO 15534-2.

d) Where whole body access into the hazard zone of the tool magazine is foreseen the same
requirements as for the work zone shall also be applied if applicable for a tool magazine (see 5.2.4.4
for MSO 1, 5.2.4.5 for MSO 2 and 5.2.4.6 for MSO 3).

e) Powered movements of the tool magazine with guards open/protective devices suspended are
permitted when carried out in accordance with the following:

Movements shall be initiated and maintained in a position with a sufficient distance from the
hazard area (as defined in [SO 13855:2010, Clause 8) by either:
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— an enabling device together with direction control

Movement shall be at a reduced speed of a maximum of 15 m/min where only an impact hazard
exists or where a crushing, shearing or trapping hazard exists either be able to stop in less than
4 mm or be a maximum of 2 m/min.

Or
— atwo-hand-control

The requirements of ISO 13851 type IIl B and C shall be fulfilled however, the minimum button
separation of 260 mm in ISO 13851 can be suspended if there is no way to actuate the two hand
devices with one hand, for example by 2 independent knob switches or rotary type switches. The
distance requirements of[SO 13857 and [SO 13855:2010, Clause 8 (atleast 100 mm) are required.

Or
— an enabling device in fixed position in conjunction with a start button.

The distance requirements of [SO 13857 and [SO_13855:2010, Clause 8 (at least 100 mm) are
required.

Releasing the enabling device or one of the two hand control devices shall initiate a safety related
stop function according to Annex |.

f) No hazardous machine movements shall be initiated from the actuation of any sensor or feedback
device while the interlocked guards or monitored guards are open (see IEC 60204-1:2009, 10.1.4).

g) Means shall be provided to prevent hazardous movements of vertical or slant axes under gravity,
e.g. brakes.

Safety functions for control of tool magazines are listed in Table ].10.

5.2.5.2 Additional requirements for tool changer(s)

If the machine is equipped with tool changer(s), the following requirements shall be fulfilled.

a) Access to hazardous movements of the tool changer(s) from any direction shall be prevented by
fixed and/or interlocked movable guards ([SO 14119:2013), 7 and Annexes).

b) When the safeguarding measures are suspended, the tool changer drive(s) and other hazardous
movements shall be stopped and further movements shall be inhibited.

c) Powered movements of the tool changer with guards open/protective devices suspended and no
whole body access are permitted when carried out in accordance with the following:

Movements shall be initiated and maintained in a position with a sufficient distance from the
hazard area (as defined by [SO 13855:2010, 8) by either:

— an enabling device together with direction control

Movement shall be at a reduced speed of a maximum of 5 m/min where only an impact hazard
exists or where a crushing, shearing or trapping hazard exists either be able to stop in less than
4 mm or be a maximum of 2 m/min.

Or
— atwo-hand-control

The requirements of ISO 13851 type III B and C shall be fulfilled, however, the minimum button
separation of 260 mm in ISO 13851 can be suspended, if there is no way to actuate the two hand
devices with one hand, for example by two independent knob switches or rotary type switches.

The distance requirements of [SO 13857 and [SO 13855:2010), 8 (at least 100 mnmméhts
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Releasing the enabling device or one of the two hand control devices shall initiate a safety related
stop function according to Annex J.

Measures shall be taken to prevent hazards from ejected tools under all operating conditions
and/or failure of power supply when the interlocked guard is open by securing the tools into the
tool changer.

d) Where whole body access is foreseen, information about the residual danger due to the presence of
persons shall be provided in the documentation. The same requirements as for the work zone shall
also be fulfilled (5.2.4.4 for MSO 1, 5.2.4.5 for MSO 2, and 5.2.4.6 for MSO 3).

e) No hazardous movements of the tool changer shall be initiated from the actuation of any sensor or
feedback device while the interlocked guards or monitored guards are open (see [EC 60204-1:2009,
10.1.4). In order to prevent falls or ejections, tools shall, under all operating conditions and/or
failure of power supply, be securely held within the holders of the tool changer.

f) Means shall be provided to prevent hazardous movements of vertical or slant axes under gravity,
e.g. brakes.

Safety functions for control of tool changers are listed in Table |.9.

5.2.5.3 Additional requirements for workpiece handling mechanisms

If the machine is equipped with automatic workpiece handling mechanisms, the following requirements
shall be fulfilled.

a) The positions for operators at workpiece load/unload mechanisms shall be located outside the
work zone and away from other hazardous machine movements.

b) Access to hazardous movements from any direction of the workpiece handling mechanisms shall
be prevented by fixed and/or interlocked movable guards ([SO 14119:2013, 7 and Annexes).

c) When the interlocked movable guards are open, the workpiece handling mechanism drive(s) and
other dangerous movements shall be stopped and further movements shall be inhibited.

d) Powered movements with movable interlocked guards open and/or protective devices
suspended shall be initiated and maintained in a position with a sufficient distance from the
hazard area by either:

— an enabling device together with direction control:

movement shall be at a reduced speed of a maximum of 15 m/min where only an impact hazard
exists or where a crushing, shearing or trapping hazard exists either be able to stop in less than
4 mm or be a maximum of 2 m/min;

Or
— atwo hand control:

The requirements of ISO 13851 type III B and C shall be fulfilled, however, the minimum button
separation of 260 mm in ISO 13851 can be suspended if there is no way to actuate the two hand
devices with one hand, for example by two independent knob switches or rotary type switches.
The distance requirements of [SO 13857 and [SO 13855:2010, 8 (at least 100 mm) are required.

Releasing the enabling device or one of the two hand control devices shall initiate a safety related
stop function according to Annex J.

e) Where whole body access into the hazardous zone of the handling mechanism is foreseen the same
requirements as for the work zone shall be fulfilled (5.2.4.4 for MSO 1, 5.2.4.5 for MSO 2, and 5.2.4.6
for MSO 3).
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f) No hazardous machine movements shall be initiated from the actuation of any sensor or feedback
device while the interlocked guards or monitored guards are open (see IEC 60204-1:2009, 10.1.4).

g) Means shall be provided to prevent hazardous movements of vertical or slant axes under gravity,
e.g. brakes.

Safety functions for control of workpiece handling mechanisms are listed in Table ].6.

5.2.5.4 Additional requirements for workpiece setting stations

If powered movement of the workpiece setting station is required (e.g. to rotate a pallet with workpiece)
while interlocked guards are open or protective devices are suspended (e.g. to clean the workpiece or
to carry out measurements) then this shall be possible by using either

— an enabling device together with a direction control; In this case, movement shall not exceed the
maximum of 15 m/min, if only an impact hazard exists. Where crushing, shearing or trapping
hazards exist also, the movement shall be able to be stopped within a travel distance of 4 mm or the
maximum travel speed shall not exceed 5 m/min;

Or

— atwo-hand control; In this case, the requirements of ISO 13851 type IIl B and C shall be fulfilled,
however, the minimum button separation of 260 mm as stated in ISO 13851 can be suspended, if it
is impossible to actuate the two-hand control with one hand (e.g. b¥| two independent knob switches
or rotary type switches). The distance requirements of [SO 13857 and [SO 13855:2010, 8 (at least
100 mm) shall be fulfilled.

Releasing the enabling device or one of the two-hand control devices shall initiate a safety related stop
function according to Annex J.

Where whole body access into the hazardous zone of the workpiece setting station is foreseen, the
requested requirements as for work zones shall be fulfilled (see 5.2.4.4 for MSO 1, 5.2.4.5 for MSO 2 or
5.2.4.6 for MSO 3).

No hazardous machine movements shall be initiated from the actuation of any sensor or feedback
device while the interlocked guards or monitored guards are open (see [EC 60204-1:2009, 10.1.4).

5.2.5.5 Additional requirements for powered workpiece clamping mechanisms

If the machine is equipped with powered workpiece clamping mechanisms, the following requirements
shall be fulfilled.

a) General requirements

1) Measures shall be taken to prevent unintended loosening of workpieces due to gravity, e.g. by
clamps or support devices.

2) The state of the powered workpiece clamping mechanism shall be monitored when connected
and if the required actuating force, e.g. monitored by pressure, current, etc., (indirect measuring
is possible) is not reached the start of operation shall be prevented, or a stop command shall be
initiated if operation has already commenced (see Table ].4, 4.2, 4.3).

3) No hazardous movement of workpiece clamping device shall be initiated from the actuation of
any sensor or feedback device while the interlocked guards or monitored guards are open (see
[EC 60204-1:2009, 10.1.4).

b) Movement of power operated workpiece clamping device while movable interlocked guards are
open shall be

1) restricted to a 4 mm clamping stroke or less (see [SO 13857:2008, 4.2.4.1, Table 4), or
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2) initiated and maintained by means of an enabling device together with a direction control, or

3) initiated and maintained by means of two-hand control (for two-hand controls, the
requirements of [SO 13855:2010, 8 and ISO 13851, shall be fulfilled), or

4) ifitisrequired to supportthe workpiece by hand for fixation or adjustment, the movement shall
be controlled by a three-step footswitch (category 3) and reduced speed of maximal 5 m/min.
The compression of the three-step footswitch leads to an emergency stop or the activation of
the movement in the release direction.

c¢) For magnetically operated workpiece clamping mechanisms, the following requirements shall be
fulfilled:

1) therequirements of 5.2.5.5 a) 1) and b) shall be fulfilled;
2) connection via plug and socket.

When the electrical control system is connected to the magnetic clamping plate by means of an
electrical plug connection, the workpiece shall be released or clamped by actuating a control device
while the control system is connected. The generated clamping force or its nominal value calculated
by indirect measurement shall be displayed on the electrical control device prior to disconnection
and axis movements are only permitted after verification that the displayed clamping force meets
or exceeds the application requirements and that the clamping device has been unplugged. Once
disconnected, the magnetic clamping force shall remain in the clamping plate. Confirmation that the
clamping force continues to meet or exceed the application requirements shall be done at specified
intervals according to the manufacturer’s specifications by reconnecting the device. Specifications
shall be given in the instruction for use (see 6.3.1).

NOTE A safety function according to [SO 13849-1| is not definable for these clamping devices because
once they are unplugged, there is no connection to the clamping device.

3) Continuous connection

When the electrical control system is permanently connected to the magnetic clamping plate, the
workpiece shall be released or clamped by actuating a control device. The generated clamping force
or its nominal value calculated by indirect measurement shall be displayed on the electrical control
device and axis movements are only permitted after verification that the displayed clamping force
meets or exceeds the application requirements. If metal is being removed in the working process,
it is not allowed to change the clamping force during the machining process. Confirmation that the
clamping force continues to meet or exceed the initial application requirements shall be done at
specified intervals according to the manufacturer’s specifications. Specifications shall be given in
the instruction for use (see 6.3.1). The safety functions for workpiece clamping mechanisms listed
in Table ].4 are applicable for these clamping devices.

4) Connection via sliding contacts

When the electrical control system is permanently connected to the magnetic clamping plate by
sliding contacts or brushes, the workpiece is released or clamped by actuating a control device. This
method allows multi-purpose applications for milling and turning operations. The requirements of
5.2.5.5 ¢) 3) are applicable.

The magnetically operated workpiece clamping mechanism can be used without PL.
NOTE For the time being, there is no performance level available from the manufacturers.

d) For workpiece clamping mechanisms operating with vacuum, the following requirements shall be
fulfilled.

1) The requirements of 5.2.5.5 a) and b) shall be fulfilled.
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2) For these clamping devices, the safety functions for workpiece clamping mechanisms in
Table .4, 4.2 and 4.3 shall be implemented.

e) For machine warm up, filling the machine or finishing production, it shall be possible to run the
machine without workpiece(s) in the fixture in automatic mode of operation with guards closed.
In that case, the monitoring of the workpiece clamping may be disabled. The muting function shall
have the same safety level as the detection of an incorrectly clamped workpiece (see Table ].4, 4.3).
The warm up cycle shall be done in MSO 1.

5.2.5.6 Additional requirements for workpiece clamping mechanisms in case of turning
operation

The general conditions are as follows.

a) Workpiece clamping devices, except collets, shall be clearly marked with their maximum
permissible speed. The work table shall be such that manual clamping devices, primarily positive
fitting, can be mounted. Mounting of clamping devices which are guided in slots shall primarily be
done in such a way that the slots are closed in outside direction or bolts are fitted to open slots to
prevent loose clamping devices from being ejected. Design of vision panels and steel sheets (also
roof sections) for jaws with a mass of max. 2,5 kg shall be in accordance with .

b) When the workpiece is rotating, it shall not be possible to loosen the workpiece clamping device by
manual operation, regardless of how the workpiece is clamped. Unclamping shall only be possible
during a standstill under safe speed monitor (SSM, n = 0 r/min; see ISO 61800-5-2:2008, 4.2.3.14).
Non-return valves shall be provided when hydraulic or pneumatic clamping devices are used.

c¢) For machines equipped with clamping devices other than collets and where programmable
workholding spindle speed is available, a program shall not run in automatic mode unless the
following conditions are fulfilled.

1) Machines shall have facilities for entering and/or validating the maximum workholding
spindle speed (milling/turning table) taking into account the maximum permissible speed of
the workpiece clamping device.

2) Rotary movement shall only be initiated when at least one of the following conditions is
fulfilled:

i) clamping device is designed for the maximum permissible speed of the worktable;
ii) the maximum permissible rotational speed shall be monitored (see Table ].4, 4.9); or
iii) when the requested rotary speed is lower than the speed limit of the clamping device.

3) The clamping device shall be designed such that necessary clamping forces and torques can be
transferred to the workpiece.

4) An actuating force (e.g. by monitoring hydraulic or vacuum pressure) sufficient for the safe
clamping of the workpiece shall be maintained until the workholding spindle (milling/turning
table) has come to rest (in accordance with [SO 16156:2004} 5.2.1), e.g. by non-return valves on
the hydraulic system or a self-locking workpiece clamping device.

5) Means shall be provided to monitor the workpiece clamping device actuating force (e.g. by
monitoring hydraulic or vacuum pressure) of power-operated workpiece clamping devices (for
further explanation, see Note).

6) For power operated clamping systems the following applies.

i) Ifthe required actuating force of power operated clamping device is not reached, initiation
of rotary movement shall be prevented.

ii) If the workholding spindle (milling/turning table) drive is running and the actuating force
falls below a pre-set value or any other monitoring system of the worfp@@ipneid s
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activated, movement shall stop initiated by a safety related stop function according to
Annex ]. If a clamping device cannot be monitored during machining, alternative safety
measures shall be provided, e.g. unbalance detection, additional workpiece retaining
device, workpiece present monitoring.

d) For machines with counter workholding spindles that transfer the workpiece to another spindle
while both spindles are rotating with the same speed, it shall be possible to run a spindle without
workpiece in the workholding spindle in automatic mode of operation with guards closed. In this
case, the monitoring of the workpiece clamping in either the main spindle or the counter spindle
may be disabled. Means shall be provided to ensure that at least one of the spindles is running with
an activated monitoring of the workpiece clamping.

e) No hazardous movements of the workpiece clamping device shall be initiated from the actuation
of any sensor or feedback device while the interlocked guards or monitored guards are open (see
IEC 60204-1:2009, 10.1.4).

f) The position workpiece clamped and clamped without workpiece of power operated systems shall
be monitored by the machine control in order to enable start functions for turning movements. If
position monitoring of power operated workpiece clamping systems is not possible, other safety
measures shall be provided.

g) Safety functions for control of clamping conditions for the workpiece are listed in Table ].4.

5.2.5.7 Additional requirements for swarf/chip conveyor and removal system

If the machine is equipped with swarf/chip collection and removal system, the following requirements
shall be fulfilled:

a) Access to hazardous moving parts of swarf/chip collection systems shall be prevented by means
of fixed guards. Where operators have a need to access more frequently than once per shift,
interlocked movable guards shall be provided. Guards shall be in accordance with [SO 14119 and

[SO 14120.

b) Opening an interlocked movable guard, which provides access to hazardous moving parts of a
swarf/chip collection and removal system, shall initiate a safety related stop function according to

Annex].

c) If movement of a swarf/chip system with an interlocked guard open is essential (e.g. for cleaning
purposes), the movement shall only be

1) permitted by means of a hold-to-run control device according to 5.8.5, or

2) permitted by means of an enabling device together with a start device and reduced peripheral
speed of max. 5 m/min. The movement shall be initiated and maintained only while the
enabling device is actuated. Releasing the enabling device shall initiate a safety related stop
function according to Annex J, or

3) initiated and maintained by means of two-hand control. For two-hand controls, the
requirements of ISO 13851:2002, Clause 8, shall be fulfilled. Distance requirements of
[SO 13857 and [SO 13855:2010, Clause 8 (at least 100 mm) shall be fulfilled. The movement
shall be initiated and maintained only while the two-hand control device is actuated. Releasing
the two-hand control device shall initiate a safety related stop function according to Annex |.

d) For the swarf/chip discharge area (removal area), the following applies.

1) Design and safety distances for guards according to [SO 13857:2008, Table 3, where any other
additional measures are not provided.

2) If the measure Y in Figure 2 is shorter than 850 mm, additional measures shall be taken to
prevent reaching into the hazardous movement of the chip conveyor. Figure 2 shows a design
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example structure for a conveyor that fulfils this requirement. The following protective
measures shall be done:

— funnel dimensions according to Figure 2;

— at least three sides of the chip container shall reach higher than the lower edge of the
discharge funnel so that the funnel reaches fully inside the container;

— design to minimize the chance of chips being held up in the funnel;

— provide a lockable device to switch off the movement of the chip conveyor at the chip
discharge area;

— place warning labels (pictogram are preferable) according to ISO 7010-P015 at each visible
side of the funnel;

— awarning sign yellow-black on the floor surrounding the funnel.

State in clause “Information for use” that a yellow and ablack marking on the floor shall be noted by
the user.

Y 2150 mm

Figure 2 — Safe area of conveyor

e) Information regarding operating/handling the chip conveyor and container shall be provided in
the instruction for use [see 6.3.1 ¢)].

f) For Group 4 machines only: Means shall be provided to enable the collection and removal of
swarf/chips without the need to remove guards (e.g. fixture design to promote swarf/chip
shedding, directed flows of metal working fluid).

g) Requirements for guards with a start function (control guards) of [SO 12100:2010, 6.3.3.2.5 shall
be observed.

h) Safety functions for control of the swarf/chip collection and removal system are listed in Table ].11,
Table ].16 and Table J.17.
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5.2.5.8 Additional requirements for pits
If the machine construction includes pits, the following requirements shall be fulfilled.

a) Pits shall be covered (e.g. floor grids) or secured against persons falling into them. If coverage is
not possible, one of the following alternatives in given priority order shall be installed to prevent
persons from falling into the pit:

1) railings according to [SO 13857 and [SO 14122-1| to ISO 14122-4,

2) cables with roll-up devices or barrier chains, tapes or cables with a warning sign located at
least 1 m, but no more than 2 m in front of the hazardous area, or

3) chains yellow/black with a warning sign 1 m in front of the hazardous zone (pit).

b) Where access to pits is necessary for observation, maintenance or adjustment purposes, entry into
the pit shall be possible via movable guards which prevent machine movement. Where powered
machine movements are necessary, machine elements may be moved under the conditions set out
in5.2.4,5.2.5.3 and 5.2.5.4.

c¢) Minimum gaps between moving machine elements and pit walls or other fixed parts shall be in
accordance with ISO 13854. Where these minimum gaps cannot be achieved, additional protective
measures shall be provided to minimize the risk of crushing or trapping.

d) If impact hazards may also be present, the access to the moving parts of machinery shall be
prevented.

5.3 Specific requirements resulting from electrical hazards

a) Direct contact with electrical equipment:

1) Electrical equipment shall be in accordance with [EC 60204-1], unless otherwise specified in
this document.

2) The following requirements in the relevant clauses of [EC 60204-1| shall be fulfilled:

i) Clause 7 for protection of equipment, against short circuit, feeder circuit excluded and
overloading. The machine manufacturer shall provide the user with information on how to
provide the protection against short circuit of the feeder circuit (see 6.3.9);

NOTE The protection against short circuit of the feeder circuit is not up to the machine manufacturer.
ii) Clause 8 for equipotential bonding;
iii) Clause 12 for conductors and cables;
iv) Clause 13 for wiring practices;
v) Clause 14 for electrical motors and associated equipment.

3) Electrical enclosures shall not be exposed to the risk of damage from the ejection of tools
and/or workpieces. Live parts shall not be accessible (see IEC 60204-1:2009, 6.2.2). The risk of
fire is not considered significant for machines where power circuits are protected against over
current (see IEC 60204-1:2009, 7.2.2).

b) Forindirectcontactwith electrical equipment, the machine manufacturer shall provide the protective
bonding system of the machine up to the PE terminal and shall provide the user with information on
how to complete protection against electrical shock due to indirect contact (see 6.3.9).

NOTE See IEC 60204-1:2009, 3.27, for the definition of “indirect contact”

c) The degree of protection of all electric components outside the enclosure and the enclosures for
electrical components themselves shall be at least IP 54 if liquids can come into contac\G e thigments
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and IP 5X if not in accordance with [EC 60529 Live parts inside electrical enclosures shall have at
least IP 2X.

5.4 Specific requirements resulting from noise hazards

When designing the machine, the available information and technical measures to reduce noise at its
source shall be taken into account (see, for example, [SO/TR 11688-1, [SO/TR 11688-2).The design shall
take into account noise from every possible source. Appropriate technical measures for reducing noise
at the main sound sources of machines are listed below:

a) usage of low-noise machine components;

b) transmission noise by gearbox damping;

c) pneumatic exhaust through silencers;

d) power generation sounds by damping or absorption;

e) noise during cutting process by damping or absorption inside the work zone enclosure;
f) during workpiece/tool change by damping or absorption inside the work zone enclosure.

The above list is not exhaustive. Alternative technical measures for noise reduction with identical or
greater efficiency may be used.

Where noise levels must be reduced beyond those achievable by design at source, the machine shall be
provided with protective measures (e.g. noise enclosures, screens fitted to the machinery, silencers).

Operating conditions for noise measurement shall be in accordance with Annex K. The determination of
the noise emission shall be in accordance with [SO 230-5. The declaration of the noise emission values
shall be in accordance with 6.3.6.

5.5 Specific requirements resulting from radiation hazards
a) For low-frequency radiation, high-frequency and microwaves radiation, see 5.8.7. See also
EC 61000-6-Z and IEC 61000-6-4 for more information.

b) Built-in laser feedback systems shall be designed to prevent exposure to beam paths or specular
reflections in accordance with [EC 60825-1|.

c) Strong magnetic fields, which may be encountered at e.g. linear drives, can cause irreversible
injuries. Through constructive measures, e.g. guards, direct access during normal operation shall
be prevented.

Warning signs shall be set up, which emphasize the danger. The persons particularly at risk are those
with cardiac stimulator and prostheses which react to magnetic fields.

5.6 Specific requirements resulting from material or substance hazards

5.6.1 Combustible coolants

Machinery designed to make usage of combustible coolants shall be equipped with devices which
minimize the risk from the production of combustible mixtures or an ignition source, especially in MSO 1:

a) Dimension of coolant circuit shall be such (pipe cross section, reservoir, pumps, nozzle forms
and positioning, etc.) that sufficient and continuous amount of coolant supply is ensured at
processing site.

b) Preventing start-up of machines working cycle, when coolant supply is not functioning properly.
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c) In case of a not properly functioning coolant supply, the machining process shall automatically be
brought to a stop in an appropriate manner, e.g. separation of workpiece and tool and shut off of
tool drives.

d) Use of adequate exhaust systems:

The suction power shall be as such that at least a negative pressure (below the atmospheric pressure)
in the work zone is maintained so as to securely prevent coolant vapours and aerosols from escaping
the work zone.

In case of an incorrectly functioning exhaust system, start-up of machines working cycle shall be
prevented or a currently running machining process shall automatically be brought to a stop in
an appropriate manner, e.g. separation of workpiece and tool and shut off of tool drives. For safety
requirements, see Table ].12 and ].14.

Piping of exhaust systems shall be such that fluids flow back into the machine, so that the pipes are empty.

All metal parts within the work zone including pipes of exhaust system shall be fully connected to the
protective bonding circuit to prevent electrostatic charge.

Vents within the work zone shall be as such that swarf/chips or greater amounts of fluid cannot be
sucked in.

If fire and explosion risks cannot be excluded by these systems, additional measures for limiting the
consequences of fire and explosion events shall be provided in accordance with [SO 19353 and [EN 1127-1].

These include the following measures:

— pressure-resistant enclosure of the work zone including windows and if necessary pressure reliefin
a direction not dangerous to personal;

— preventing flames and hot gases from work zone escaping into the operating area outside the work
zone and vicinity of the machine, e.g. flame arresting labyrinth seals on movable parts of the guards
(circumferential). For examples, see F.2;

— adequate fire extinguishing devices;

— the machine, including the control, shall be such that connecting fire detecting devices, e.g. fire
extinguishing systems, fire alarm, pressure relief valves, etc. are possible according to the
manufacturer's recommendations (interface description).

For accessible machines and use of fire extinguishing devices with oxygen suppressing quenching
gases, mechanical interlocking capability for the quenching gas supply shall be provided. Additional
measures shall be taken to prevent personnel from being trapped within the work zone, e.g. possibility
for unlocking the door from the inside without the need of power supply by means of a guard locking
device with an escape release (. In addition, the extinguishing system shall be provided with
a release button which shall be actuated only from outside the work zone. The automatic extinguishing
system is only activated after the release button has been actuated and can only then, after a sensor
signal has been triggered, be set in a condition where quenching gas can stream into the work zone.

NOTE1 It could otherwise be possible to unintentionally close and lock the door from the inside while the
machine is switched off and quenching gas could perhaps stream inside.

NOTE 2 For further information, see also Annex E.

For machines which are intended to be connected to a central exhaust system, measures or devices
shall be provided, which in case of fire

— prevent fire from spreading into the central exhaust,

— prevent further air flow into the work zone, and
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