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Preface

Besides chemicals, major industrial (process) accidents and construction works,
there is hardly a more important specific occupational safety and health subject than
the achievement of safety in the use of machinery.

Safety in the use of machinery necessitates an effort in two different areas:

First of all at the manufacturer’s place in order to ensure the design and con-
struction of adequately safe machinery (taking the intended use into consideration)
being placed on the market accompanied by safety relevant information, and second
at the user’s place in order to ensure a controlled and risk-minimized use of the
equipment under the responsibility of the employer.

Many countries have approved legislation and published guidelines, including
standards, which promote the achievement of the safe use of machinery in the
framework of surveillance by competent authorities and assistance from expert
institutions, including Notified Bodies (third-party institutions).

Regarding efforts on regional levels, it is evident to set focus on the European
Union (EU) who has approved product specific legislation on machinery, harmo-
nizing the safety related requirements to be met by the manufacturers (Machinery
directive 2006/42, former Directive 98/37 and Directive 89/392). EU has also
approved minimum requirements to be met by employers concerning the use of
machinery at work (Use of work equipment directive 2009/104—codified version
of directive 89/655 as amended—being a daughter-directive of the Framework
directive 89/391 on health and safety at work).

As mentioned above, the achievement of safety in the use of machinery starts at
the manufacturer place at the design and construction stage before the machinery is
placed on the market, which is the principal subject of this publication—based on
the EU Machinery directive 2006/42.

Through the ILO code of practice “Safety and health in the use of machinery”,
published in 2013, the principles and approach of the European legislation will be
spread out as a global strategy—in particular, based on the machinery risk
assessment as the key issue for reaching the demanded level of health and safety.
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The ILO publication is of course also dealing with the responsibility of
employers, and again the risk assessment and risk reduction processes (at the
workplace) come into focus. Such workplace machinery risk assessment will in
general require appropriate contributions from manufacturers, for example through
the accompanying instructions, about possible hazards, implemented protective
measures and any residual risks, and recommendations for additional protective
measures to be implemented by the user.

As a conclusion, you could emphasize that in future, the design of safe
machinery and the communication by the manufacturer of associated risk assess-
ment aspect for the safe use of machinery are going to be the key elements—as ever
before—in the endeavour of avoiding any risk at the use of machinery.

It is worth mentioning that ILO (the International Labour Organization), having
its headquarters in Geneva, Switzerland, is the only tripartite UN agency, where
workers and employers together have an equal voice with governments in its
deliberations. The ILO code of practice on the safe use of machinery was drawn up
at a meeting in late 2011 by a group of 24 experts appointed after consultation
of the governments, the Employers’ group and the Workers’ group of the governing
body.

Finally, the author wishes to express his gratitude for the many helpful and
inspiriting discussions and comments received from colleagues at work, especially
Mr. Sigfred K. Nielsen (Bachelor of Science in Mechanical Engineering) who was
always ready to study and comment on any draft material prepared by me.

Koege, Denmark Torben Jespen
January 2016



Contents

1 Imtroduction .. ....... ... ... ittt 1
1.1 Disclaimer. . . . ... .. e e 2
2 BULepiSIation: . s v 6550 sisssssmmmmpnmamninmssessosnsisa 5
2.1 EULegislation . .......c.00iiniiiiiinennnnnenenonens 5
2.1.1 Introduction..................iiiinieiiiiai. 5

2.1.2  Product Directives . ... .........ovviriuenn.n. 6

2.1.3 'Workplate DITEotiVes . o cvovowwpmwen exessveszsys 7

2.14 Other DinectivVes. . « o svssasvssvosmes s siossess 8

22 Standards. : : ;i i is s s ia R hm e s s s e 9
221 Standards . ........ ... 9

222 Harmonised Standards . ....................... 10

2.2.3 Eurocodes and Similar Building Codes. . ........... 12

224 Semistandards. . . icinvinnninsiiacsiasasaaa 13

2.2.5 Supplementary Comments. . .................... 14

2.3  EU Legislation and Responsibilities . . .. ................. 15
23.1  Product Directives (and Regulations) . ............. 15

2.3.2  Product Liability Directive 85/374 . ... ............ 17

2.3.3  General Product Safety Directive 2001/95........... 18

234 Workplace Directives . . . ............c..0vuu... 18

24  New Legislative Framework (NLF) . ... ................. 19
24.1 Introduction. ... ..........viuiieunennennnns 19

242 Backgroind: . .:sscsvvenneneieisiiiiiiaiiss 19

24.3 Important New Aspects. . .. ..........c.covvunnn. 20

244 Obligations of Economic Operators . .............. 21

245 Some General Conclusions . . ................... 22

2.5 Producer Liability . .. .. .. ... e 23
25.1 IDOAUEHON: - & 5 5 59 @ 6 o o mbiinm i 6 or s ss s a e n e b 23

2.5.2 Liability According to Product Directives . . .. ....... 24

vii



viii Contents
2.5.3 Product Liability Directive 85/374 . ... ............ 24
2.5.4 Liability Outside Contract—Subjective/Culpa
Liability . .. .... ... 26
2.6  Langnage ReqUIrEMSTTS o « v m s w5 5 s 0 w8 0s 9 5500w mn 27
26.1 IEOAUCHOR .« v 505 5 5 5 % % 5 5 5 3e s wsm e s s 27
2.6.2 Machinery Directive 2006/42. . . .. ............... 29
2.6.3 Explosive Atmosphere Directive 2014/34 (ATEX) . . . .. 30
2.6.4 Low-Voltage Directive 2014/35 (LVD). . .. ......... 31
2.6.5 Electromagnetic Compatibility Directive 2014/30
(EME) o samio 6565 5w wm s &/ mm s w a6 o 890 31
3 Machinery Directive. . . .. ...... ... ... . . ... . i 33
3.1 Machinery Directive. . . .. ... 33
3.1l IRHOAUCHONL « v ww womvss s s e soms wm w e 5w 5 0T = 8 5 33
3.1.2  Scope of the Machinery Directive . ............... 34
3.1.3  Preconditions for Placing Machinery
on the Market/Putting It into Service .. ............ 36
3.1.4  Preconditions for Placing Partly Completed
Machinery on the Market . . ... ................. 38
3.1.5 Essential Health and Safety Requirements (EHSR). . . .. 38
3.1.6  Technical File for Machinery. . .................. 39
3.1.7 Technical Documentation for Partly Completed
Machinery. . .. ........0 i iinnannnas 41
3.1.8  Declaration of Conformity (Machinery). . ........... 42
3.1.9  Declaration of Incorporation (Partly Completed
Machinery) . ..........concemsnvoasssnsninids 45
3.1.10 Marking and CE-Marking of Machinery . . .......... 48
3.1.11 Instructions (Machinery) . .. .................... 49
3.1.12 Assembly Instructions (Partly Completed
Machinery) ; s« i s iswsnssasmssews®nes 6@ 9w seses 53
3.2 Machinery Risk Assessment . . ........................ 54
3.2.1 Introduction to Machinery Risk Assessment ......... 54
3.2.2 Tackling the Risk Assessment Obligation . .......... 56
3.2.3 Basic Risk Assessment—The Three Core Elements . ... 58
3.24 Risk Assessment Procedures and Methods. . .. ....... 63
3.2.5 LOPA (Layers of Protection Analysis) . ............ 67
3.2.6 Process Units and Interconnected Machines
(Assemblies of Machinery) . . ................... 82
3.3  Essential Health and Safety Requirements (EHSR). . . ........ 83
331 IntooducHon. ..c.ccmeosewssnmmsEssssengssss ey 83
332 Individual EHSR . ........................... 84
34 Functional Safety. .. ........ ... .. .o, 112
34.1 IntroduCHon: ««vussssssmesswsaeves nssssessos 112
34.2 Functional Safety Related to EN 62061 ............ 115

3.4.3 Functional Safety Related to EN 13849-1 ........... 116



Contents

4

ix
3.4.4  Safety Requirement Specification. ................ 124
345 Required Level (SIL or PL) of Functional Safety. .. ... 125
3.4.6  Designing Your Own Matrix or Risk Graph for
Required SIL Determination . . .................. 133
3.5 [Fire and Explogion RiSkS ..o cowenswmsvssssvsvssansisns 134
3.5.1 Introductory Comments. . . ..................... 135
352 References ......... it 136
3.5.3  Approaching the Fire and Explosion Risks .......... 137
3.5.4 Machinery Fire Risk Assessment . .. .............. 141
3.5.5 Fire Risk Assessment Guidelines . ................ 142
3.5.6 Machinery and ATEX Directive Relations. . ......... 145
3.5.7 ATEX Equipment Directive 2014/34 Risk
ASSESSIIENt . . . . .o 146
3.5.8 Workplace Fire Risk Assessment. . ............... 150
3.59 Workplace Fire Risk Assessment Guidelines . . ....... 153
3.6  Machinery Safety Standards . ......................... 157
3.6.1 Machinery Directive Standards, Listed According
foConfent. . . .....oii i e 157
3.6.2 Equivalence Between EN and ISO Standards. . ....... 162
3.7  Machinery Workplace Directive. . . .. ................... 163
371 Introduction. .. .........uiiiiiinntnnnenn, 163
3.7.2 Framework Directive . ........................ 163
3,73 Useof Work Equipment. .. .................... 165
EHSR I FOUIE ; : 5 s s cvonmesnmwnsosess v svsisiissi685sve 167
41 OUAE ;. s s ismE AT AT EE RS S S EFNFF ARSI E A EE 167
411 Introduction. .............ooueivvinnnennnenns 167
412 References ........ ... ... 167
413 NOGEHBES, , v v urwrxmmmamem s s s H s 5233838 we 168
B2 ACESSE o s v 555655 R ewE GE SR EOEBEE S TE S Y B EEE E R R B 172
421 SCOPE: i s sssnmmmmmssmmsws 885445 ia500850 172
422 References ..........uuiiinii i 173
423 Guidelines. . .. .. ... .. 173
43  Safety Signs . ..ot 177
431 BEOPB: ¢ osmmssn s RS RAT S E S §E b § 5 F R A B4 177
432 [References svssswvassnvscmssrinsiassassins 177
433 Guidelines. . .. ... 178
434 EU Legislation on Safety Signs . . .. .............. 179
4.3.5 Product Directive Provisions on Safety Signs. . ....... 179
43,6 Workplace Directive Provisions on Safety Signs ... ... 181
437 KeyStandards. ............ ... ... .. .. ... ... 185
438 OtherStandards. . ............. ... 186
44 NOISE . . o ottt 186
441 TAOHUEHION, « cvsvmommmsmem s s s s u s s s 8855y w0 186



6

Contents

443 REIEGIENCES + s wuwamummompwew g8 assivssissssns 187
A44 Guidelines. . s csvscvasnevssiseasavssssinysas 187
44.5 Sound and Noise—Aspects and Terminology ........ 190
4.5 Emergency StOP .. .. v ittt e e 192
451 Introduction. . .............iuuiiiiiiinnn. 192
452 References ........ .. 192
453 Guidelines, .cv s nemmvis o ssiasisassoprmss 193
4.6  Hazardous Substances and Safety Data Sheets. . ............ 198
46.1 Introduction. ... .........oiiiiiiiiiinaan.. 198
462 References ......... ... .. .. .. i, 198
463 Guidelines. . . . ...t e 199
464  Acronyms and Designations . ................... 211
Risk Assessment and Risk Reduction Methodologies . . ... ....... 213
5.0 IntroduClon. . ....ov vt e 213
5.2 - Rifk AsSeSSmieht StEPS v v sv sy s st s s 1812 s r e EnwEnws 214
5.3  Step 1: Limits of the Machinery . ...................... 216
5.4  Step 2: Hazard Identification Methods .. ................. 217
5.4.1 Machinery Directive, Annex I .. ................. 218
542 ENISO 12100. . . . ..ot 219
54.3 HAZOP (Hazard and Operability Study). ... ........ 219
5.4.4 FMEA (Failure Mode and Effect Analysis) . ......... 222
5.4.5 FTA (Fault Tree Analysis) . .................... 222
5.5 Step 3: Risk Estimation Tools . . ... ....... ... ... ... 223
551 RiskMatrix. . ...t 224
552 PRiBkGraph.sscvicsocissanrssspanmsannmenyss 225
5.5.3  Supplementing by Using Numerical Scoring . . ....... 227
5.5.4 Risk Estimation Aspects . . . . ... ... ..ot iunn... 228
5.6  Risk Reduction Based on Functional Safety ............... 229
5.6.1 PL and SIL Assignment Rooted in EN ISO 13849-1 ... 231
57 StepA:RigkEvalnation . ...ccovvs0sivopnanvnnasnssss 231
5.8  Step 5: Risk Elimination/Minimisation . . . ................ 233
5.9 Risk Characterisation/Classification and Decision Making . . . . . . 234
5.9.1 Risk Definition and Specification. . ............... 234
5.9.2 Some Danish Accident Numbers . ................ 234
5.9.3 When Is Risk Acceptable? . .................... 235
5.10 Acceptable Risk and the Level of Functional Safety (SIL). . . ... 237
5.11 Emergency Stop Decisions . ... ....................... 240
Basic Knowledge on Fires and Explosions. . . .. ............... 243
6] INCOAUEHON: - s sos s s 1856885 RaFamE ARy S EEEEEEBRE$ 3 243
6.2  DBANITONS v vm cown b 755 5 88 5 05 58w 6B 58 243
6.3 Fires and Explosions .. .......... ... .., 245
6.4 Deflagrations. . . .. ... ... . 246
6.5 Confined (Internal) Explosions. . . ... ..... ..., 248



Contents Xi

6.6  Partly Confined Gas Explosions. . . ..................... 249
6.7  Gas Explosions in Process Areas and Unconfined Areas. . ... .. 250
6.8 Flash Fires . .. ... .. i 251
A Few Facts About the Author . . . . ......... ... ... ... ......... 253



Chapter 1
Introduction

Although it is primarily the EU Machinery directive 2006/42 and risk assessments
that are put into focus here, you can for some part consider the present informative
guide as a general introduction to the European Product regulation and how to
comply with its essential requirements.

When you have become familiar with the principles behind and the structure of
the Machinery legislation you will be in a much better position to comply with EU
Product legislation in general.

In order to facilitate the achievement of an appropriate degree of familiarity with
the EU Product regulation, especially concerning the Machinery directive, Chap. 2
and subchapters are dedicated to a brief introduction to relevant EU legislation,
standards, responsibilities, producer liability and language requirements.

Chapter 3 and subchapters go into details with the Machinery directive and its
Essential Health and Safety Requirements (EHSR), which must be met in order to
be in compliance with the Directive. This is a prerequisite for placing machinery (as
defined by the Directive) on the EU market and/or putting machinery into service.
The legal requirements directed towards what is called “Partly completed
machinery” are also discussed.

Concerning the EU (European Union) market, this is here equivalent to the EEA
(European Economic Area) market, which is composed of the EU countries sup-
plemented by Iceland, Liechtenstein and Norway.

The Machinery directive aims primarily to ensure the free circulation of
machinery on the EU market and to ensure a high level of protection of the health
and safety of users and other exposed persons.

The objectives to be attained find expression in the list of mandatory EHSR
stated in Annex I to the Directive.

All of these EHSR, which put together “cover” all the possible hazards that may
be associated with machinery, are generally only to be taken into consideration
when the hazard behind the requirement is of relevance for the machinery in
question. And the extent of the required EHSR fulfilment is to be determined by the
assessed risk and “the state of the art” concerning this requirement.

© Springer International Publishing Switzerland 2016 1
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2 I Introduction

This leads to the conclusion that the machinery safety risk assessment is the
key aspect concerning Machinery directive compliance. The main subjects of
Chap. 3 and subchapters are therefore Machinery risk assessment. This is supple-
mented by a closer look on the EHSR, some comments on subjects as Functional
safety, Fire and explosion risks, and the standards, which can be used in order to
obtain a presumption of being in compliance with the Directive (concerning the
EHSR covered by the standard). Section 3.7 tells you a little about the parallel
workplace EU legislation concerning machinery (which is for the employer to
comply with, as the user of machinery).

Chapter 4 and subchapters set focus on some aspect related to some of the
EHSR: Guards, access possibilities, safety signs, noise emissions from machinery,
emergency stop and hazardous substances used or produced by machinery
including the SDS (Safety Data Sheet) requirements for these chemical agents.

Risk assessment, including hazard identification and risk reduction methodolo-
gies, is not only a very important subject concerning safe machinery, but of general
importance for assemblies of machinery, plant departments and plants. In order to
become more familiar with this subject, Chap. 5 contains a more general intro-
duction to the aspects of Risk assessment.

Finally, Chap. 6 contains some basic knowledge about fires and explosion,
which can be of value when considering and assessing the hazard/risk in relation to
some of the EHSR.

This guide does not contain many references to interesting and relevant publi-
cations. More legislative information—and updates—can easily be found at the
European Commission website http://ec.europe.eu/enterprise/sectors/mechanical/
machinery, and when you need supplementary information on specific topics, you
should go to the Internet and search for relevant updated information including
references to related important publications.

1.1 Disclaimer

The purpose of this guide is to provide general guidance on issues arising out of the
EU Product legislation—especially the Machinery directive with its EHSR—that is
to be applied according to sound risk assessments.

The author has endeavoured to ensure the accuracy of the guidelines. But leg-
islative issues are subject to change, and the interpretation may differ over time and
between experts, and this guide cannot be exhaustive in its coverage of all the
aspects. The same goes for some of the more technical and scientific subjects that
are closely connected to this legislation.

Anyhow, the guide intends to reflect the interpretations and recommendations
regarded as valid at the time it was published. But supplementary information may
be needed depending on the circumstances, and it must therefore be emphasised
that this text is intended to guide you in the right direction but it cannot be relied
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upon as a guarantee for being in compliance with the EU legislation or for not
failing when a specific decision has to be taken.

In the end, being in compliance with EU legislation concerning a specific pro-
duct is first of all the responsibility of the product manufacturer and implies the
accomplishment of a sound specific risk assessment for which he may need to be
supported by professional advice procured from outside the company.






Chapter 2
EU Legislation

2.1 EU Legislation

2.1.1 Introduction

A few words about EU legislation is appropriate in order to establish a certain
framework for the subjects dealt with in this guideline, which sets focus on fulfilling
Machinery Directive requirements—especially the proper carrying through of risk
assessments.

The basic or primary EU legislation—only to be shortly mentioned here—is
composed of the Treaties on the European Union, introduced by the Treaty of Rome
in 1957 and revised through the years by several Treaties—last time in 2007 by the
Treaty of Lisbon. The Treaties define e.g. the decision-making process for more
specific EU legislation and the possibilities for the adoption of such secondary
legislation.

Secondary legislation (i.e. Directives and Regulations) must have legal base in
Articles of the applicable Treaty.

Regulations are EU legislation which is directly applicable and binding in all
EU Member States without the need for any national implementing legislation. This
direct applicability of the EU legislation ensures a more transparent and uniform
legislation in EU. For example, the general EU legislation on chemicals is based on
the REACH Regulation 1907/2006, and the classification and labeling of chemicals
on the CLP Regulation 1272/2008.

Directives are EU legislation which binds the Member States as to—what could
be called—the objectives to be achieved within a certain time-limit while leaving
the national authorities the choice of form and means to be used. Directives have to
be implemented in national legislation in accordance with the procedures of the
individual Member States.
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