INTERNATIONAL ISO
STANDARD 12100

First edition
2010-11-01

Safety of machinery — General principles
for desigh — Risk assessment and risk
reduction

Sécurité des machines — Principes généraux de conception —
Appréciation du risque et réduction du risque

e Reference number
= — ISO 12100:2010(E)

© SO 2010



ISO 12100:2010(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT 0

© 1S0O 2010

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +4122749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2010 — All rights reserved




ISO 12100:2010(E)

Contents Page
L oL =7 o o v
L T 11T T o Vi
1 Scope ,)& .............................................................................................................................................. 1
2 Normatié L= (= 0T o = 1
3 Terms and(&finitions ........................................................................................................................... 1
4 Strategy for r| ssessment and risk reduction ... ————— 9
5 RiSK @SSeSSMENT.) ... .. s nn e e s e e n e e e e s 12
5.1 General ................. S0 12
5.2 Information for risk L1 14 = L 12
5.3 Determination of limi MACKINEIY ... s 13
5.31 General ....cccccerrrenrennn % 13
5.3.2 Use I|m|ts'2x ............................................................................................................ 13
5.3.3 Space limits.....cccceerrvrvccccncaren A S eesmeeeeeeesessssssmeeeesesssssesssseeereeesssssssssmeeseessssssssssmeeesssssssssmesessesesssssssnrees 14
53.4  Time limits ....ccoooeeeeeeeererereenss e 14
5.3.5 Other limits........cccccrrrricmrrniccnnn B et tmrerraearerreeaEeeeeseaneeeeseaneereseanEeriesantesiesasteseesesneissanreseeseaneneinaane 14
5.4 Hazard identification ................. @ .................................................................................................... 14
5.5 Risk estimation........c..cccceceereunenn. 0 ............................................................................................... 16
5.51  General .......ccooorrriiiiiccerrrr s e eeeeeeeeeeeeeeeeeeeeseee e es e et e ee s s e e e eeeeeeeeee e ee e seeeeesee 16
5.5.2 Elements of risk........cccooommriiiiiiiiiinees Q ......................................................................................... 17
5.5.3 Aspects to be considered during risk e&fation ............................................................................ 19
5.6 Risk evaluation .........ooooiiinnccceeece OV e 21
561 GENEIAl cooroeressooessssoeeessseeesseeeeesseeees s T — 21
5.6.2 Adequate risk redUCHION .........cccoviiiiiiiiiiiiiii s rer e s s esgge s e e s s s e s e s s s ss s s s s e s e s e s e s er e s s s nr e s s s e rneeeeessessnessnsnennsssssssnnenes 21
5.6.3 Comparison of risks........ccccrvmrimnicnnssensienniennns @ ......................................................................... 21
6 Risk reduction..........ccccociiiiiiiiincccrr e % ..................................................................... 22
6.1 (7= 1= - | . « @ .................................................................. 22
6.2 Inherently safe design measures........cccccceeeceeeeeeeneennnns AN ——————— 23
0 B € 1Y o =Y - | RSP on. TS 23
6.2.2 Consideration of geometrical factors and physical aspe@fga.........ccccrrimiiniiicci e 23
6.2.3 Taking into account general technical knowledge of mac (XS] T [ o . 24
6.2.4 Choice of appropriate techNOIOgY ... e 25
6.2.5 Applying principle of positive mechanical action...................... é ............................................... 25
6.2.6 Provisions for stability........ccocorrren \L ............................................. 25
6.2.7 Provisions for maintainability ..........cccccureemmrrcccrr s @ ....................................... 26
6.2.8 Observing ergonomic prinCiples .........ccccecvrrreecerrrcccerrsssce e scee e N L ................................... 26
6.2.9 Electrical hazards ... T g e 27
6.2.10 Pneumatic and hydraulic hazards ...........ccccccemrririccisscerer e 0 ................................ 27
6.2.11 Applying inherently safe design measures to control systems.........cccccccerriiricccsscernnn s ssscsssneenns 28
6.2.12 Minimizing probability of failure of safety functions.............cccoomriiii e 33
6.2.13 Limiting exposure to hazards through reliability of equipment...........ccccornriiininniincicnee, 33
6.2.14 Limiting exposure to hazards through mechanization or automation of loading (feeding)/

unloading (removal) OPerations...........cccciiirinir i ——————— 34
6.2.15 Limiting exposure to hazards through location of setting and maintenance points outside

Lo F= 10T = T T 34
6.3 Safeguarding and complementary protective Mmeasures...........ccoccciiemmini e 34
L 0 I €T 4 T - | 34
6.3.2 Selection and implementation of guards and protective devices...........ccccueevcmmrnrcccerrrsscennssceeen 35
6.3.3 Requirements for design of guards and protective devices..........cccccrrercerrrricmrrnncseersss e 40
6.3.4 Safeguarding to reduce EMISSIONS.........ccccciriiiiiiiicirecrrr e s s snnn e e e e s e s e amnn e e s 43

© ISO 2010 — Al rights reserved iii



ISO 12100:2010(E)

6.3.5 Complementary proteCtive MEASUIES.........ccccceiiiiiiiiismirrerrirsssssssssree e s ss s sssns e s s s sssssssnnmne s e s e sesssssnnnns 44
6.4 LY e 4 4 0 F= 11 ToT o I8 o gl U= - 46
6.4.1 General reqUIreMENtS.........c.ceiiiiieiiiir i 46
6.4.2 Location and nature of information fOr USe ... s 46
6.4.3 Signals and warning devViCes........cccuuimrmiiniimmi i —————— 46
6.4.4 Markings, signs (pictograms) and written warnings..........cccccvmminnimmm s ———- 47
6.4.5 Accompanying documents (in particular — instruction handbook)..........cccccoeiiciiinniiiiiiccciiees 48
7 Documentation of risk assessment and risk reduction...........ccccvvcecrrrccccenrcccre s 51
Annex A (informative) Schematic representation of a machine...........cccooormmriri i, 52
Annex B (informative) ples of hazards, hazardous situations and hazardous events.................... 53
Annex C (informative) Trjagual lookup and index of specific terms and expressions used in

ISO 12100...........~ (3 DT OO P PRSBSOS 63
Bibliography ........eeeeeeereesen. Q( .................................................................................................................... 75

© 1SO 2010 — All rights reserved



ISO 12100:2010(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 hars&?e right to be represented on that committee. International organizations, governmental and
non-governmental gin liaison with ISO, also take part in the work. ISO collaborates closely with the
International Ele@pchnical Commission (IEC) on all matters of electrotechnical standardization.

International Standeﬁsd‘aga drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of techn ommittees is to prepare International Standards. Draft International Standards
adopted by the technical mittees are circulated to the member bodies for voting. Publication as an
International Standard requi pproval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibiff§) that some of the elements of this document may be the subject of patent
rights. ISO shall not be held respo@g for identifying any or all such patent rights.

ISO 12100 was prepared by Technicab&gnmittee ISO/TC 199, Safety of machinery.

This first edition of ISO 12100 can and replaces ISO 12100-1:2003, ISO 12100-2:2003 and
ISO 14121-1:2007, of which it constitutes ae§nsolidation without technical change. It also incorporates the

Amendments 1SO 12100-1:2003/Amd.1:20 ISO 12100-2:2003/Amd.1:2009. Documentation (e.g. risk
assessment, type-C standards) based on these @ﬁced documents need not be updated or revised.
/¢
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Introduction

The primary purpose of this International Standard is to provide designers with an overall framework and
guidance for decisions during the development of machinery to enable them to design machines that are safe
for their intended use. It also provides a strategy for standards developers and will assist in the preparation of
consistent and appropriatg type-B and type-C standards.

The concept of safety o@achinery considers the ability of a machine to perform its intended function(s)
during its life cycle where Es%as been adequately reduced.

This International Standard is %asis for a set of standards which has the following structure:
— type-A standards (basic s standards) giving basic concepts, principles for design and general

aspects that can be applied to inery;

— type-B standards (generic safety s ards) dealing with one safety aspect or one type of safeguard that
can be used across a wide range of jnery:

*
— type-B1 standards on particular safe(@spects (for example, safety distances, surface temperature,
noise);

— type-B2 standards on safeguards (for exa@le, two-hand controls, interlocking devices, pressure-
sensitive devices, guards); @

— type-C standards (machine safety standards) deali@vith detailed safety requirements for a particular
machine or group of machines. ()

When a type-C standard deviates from one or more technical isions dealt with by this International
Standard or by a type-B standard, the type-C standard takes preced

This International Standard is a type-A standard.

It is desirable that this International Standard be referred to in training d%es and manuals to convey basic
terminology and general design methods to designers. 6

ISO/IEC Guide 51 has been taken into account as far as practicable at the tim@’drafting of this International

Standard. “i@
o
§
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Safety of machinery — General principles for desigh — Risk
assessment and risk reduction

1 Scope 6/.

This International Standard specifies basic terminology, principles and a methodology for achieving safety in
the design of machin It specifies principles of risk assessment and risk reduction to help designers in
achieving this objectiv ese principles are based on knowledge and experience of the design, use,
incidents, accidents and associated with machinery. Procedures are described for identifying hazards
and estimating and evaluatifgZisks during relevant phases of the machine life cycle, and for the elimination of
hazards or the provision of su nt risk reduction. Guidance is given on the documentation and verification of
the risk assessment and risk re @on process.

This International Standard is also A%n‘ded to be used as a basis for the preparation of type-B or type-C
safety standards. {S‘

It does not deal with risk and/or damage t@)mestic animals, property or the environment.

NOTE 1 Annex B gives, in separate tables, ef%es of hazards, hazardous situations and hazardous events, in order
to clarify these concepts and assist the designer in { @ocess of hazard identification.

*
NOTE 2  The practical use of a number of methods for, h stage of risk assessment is described in ISO/TR 14121-2.

2

2 Normative references 0

o

The following referenced documents are indispensable fo?‘ue application of this document. For dated
references, only the edition cited applies. For undated re e@wes, the latest edition of the referenced
document (including any amendments) applies. /é

IEC 60204-1:2005, Safety of machinery — Electrical equipment of ines — Part 1: General requirements

(04
3 Terms and definitions @

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

3.1
machinery 0

machine
assembly, fitted with or intended to be fitted with a drive system consisting of linked parts or components, at
least one of which moves, and which are joined together for a specific application

NOTE 1 The term “machinery” also covers an assembly of machines which, in order to achieve the same end, are
arranged and controlled so that they function as an integral whole.

NOTE 2  Annex A provides a general schematic representation of a machine.
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