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DISCLAIMER

CHECK WITH EXPERTS 

THE APPLICABLE RULES AND STANDARDS 

IN YOUR FACILITY AND IN YOUR COUNTRY
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OUTLINE
Why safety?
• Risk analysis
• Safety and rules/directives
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Standards for machinery
• Machinery directive
• Harmonised standards
• Automation
• Documentation

Standards for lifting equipment 

Standards for big structures 
(buildings…)

Conclusions

Standards for pressure and cryogenic 
equipment
• Pressure Equipment Directive
• Harmonised standards

• Material selection
• Desing
• Manufacturing
• Inspection
• Tests

• Safety devices
• Documentation 
• Specificities for accelerator equipment



Introduction

Introduction
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Safety

Safety for?
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Users

Maintenance 
people

In 2021…

Budget 
holders

Environment



Safety
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WHY SAFETY AND STANDARDS?

Heavy industrial robot collision (youtube.com)

We're going to need a bigger crane: Giant 630ft vehicle topples over in 
Scottish harbour | Daily Mail Online

Hazards shall be managed 
to reduce risks as much as 

possible

Banagar A., Swamy R., 2015/03/01, Modelling, Stress and Welding Strength Analysis of Pressure 
Vessel, International Journal of Analytical, Experimental and Finite Element Analysis (IJAEFEA)

https://www.youtube.com/watch?app=desktop&v=LzZmPRm4rII
https://www.dailymail.co.uk/news/article-2620867/Were-going-need-bigger-crane-Giant-vehicle-topples-Scottish-harbour.html
https://www.dailymail.co.uk/news/article-2620867/Were-going-need-bigger-crane-Giant-vehicle-topples-Scottish-harbour.html


Risk analysis
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From ‘Pressure Equipment Directive (PED) 2014/68/EU Annex I’

1.2. In choosing the most appropriate solutions, the manufacturer shall apply the principles set out below in the 
following order: 

— eliminate or reduce hazards as far as is reasonably practicable; 

— apply appropriate protection measures against hazards which cannot be eliminated; 

— where appropriate, inform users of residual hazards and indicate whether it is necessary to take appropriate 
special measures to reduce the risks at the time of installation and/or use.

From ‘REGULATION (EC) No 765/2008 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 9 July 2008 setting 
out the requirements for accreditation and market surveillance relating to the marketing of products and repealing 
Regulation (EEC) No 339/93’

Article 20

Products presenting a serious risk

…

2. The decision whether or not a product represents a serious risk shall be based on an appropriate risk assessment 
which takes account of the nature of the hazard and the likelihood of its occurrence. …



Risk analysisDifferent methodologies for risk analysis are 
available: FMEA is one of them. 

Reference is IEC 60812:2018 - Failure modes and 
effects analysis (FMEA and FMECA)

Risk priority number (RPN) = Severity (of the event) × 
probability (of the event occurring) × detection 
(probability that the event would not be detected 
before the user was aware of it).
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EDMS 2142606 FAILURE MODES AND EFFECTS ANALYSIS FOR THE 
LHC CRAB CRYOMODULE
4.3 … In this study, the “mean” triplet (S,0,D) = (2,2,2) gives an 
RPN=2*2*2=8 and is the threshold value of RPN. It means that 
mitigation measures shall be defined and implemented for all 
failure modes leading to RPNs equal or higher than 8. 
Additionally, the failure modes having one of the three factors 
equal to 4 shall also be mitigated.



Risk analysis
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https://edms.cern.ch/ui/file/2142606/1.0/FMEA_Crab_Cavities_1.0.pdf

Crab cryomodule example
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WHY SAFETY AND STANDARDS?

Heavy industrial robot collision (youtube.com)

We're going to need a bigger crane: Giant 630ft vehicle topples over in 
Scottish harbour | Daily Mail Online

Rules and directives

‘Communities of people’ decided to regulate 
some hazardous equipment (often hazard is 

linked to stored energy):

they created regulatory contexts, legal 
frameworks, rules and directives to respect

TO REGULATE THE MARKET EXCHANGES

Banagar A., Swamy R., 2015/03/01, Modelling, Stress and Welding Strength Analysis of Pressure 
Vessel, International Journal of Analytical, Experimental and Finite Element Analysis (IJAEFEA)

https://www.youtube.com/watch?app=desktop&v=LzZmPRm4rII
https://www.dailymail.co.uk/news/article-2620867/Were-going-need-bigger-crane-Giant-vehicle-topples-Scottish-harbour.html
https://www.dailymail.co.uk/news/article-2620867/Were-going-need-bigger-crane-Giant-vehicle-topples-Scottish-harbour.html


Governments created the rules 

=> Focus on European Community 

Overview of CE Marking Directives and Regulations
1.Machinery Directive
2.Low Voltage Directive
3.EMC Directive
4.Medical Devices Regulation
5.Personal Protective Equipment Regulation
6.Construction Products Regulation 305/2011
7.Pressure Equipment Directive
8.REACH Regulation
9.Restriction of Hazardous Substances Directive (RoHS)
10.ATEX Directive
11.Toys Safety Directive (2009/48/EC)
12.Radio Equipment Directive
13.Recreational Craft and Personal Watercraft Directive
14.Active Implantable Medical Devices Directive
15.Explosive for Civil Use (CIVEX) Directive
16.Noise Emission Directive
17.Gas Appliances Directive 2009/142/EEC
18.Lifts Directive 1995/16/EC
19.Pyrotechnic Directive 2013/29/EU
20.Measuring Instruments Directive
21.Ecodesign and Energy Efficiency Labelling

Rules and directives
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CE Marking Directives and RegulationsLaws

The CE mark means that the manufacturer
takes responsibility for the compliance of a 
product with all applicable European health, 
safety, performance and environmental 
requirements. 
CE stands for "Conformité Européenne", the 
French for European conformity.

Who shall apply the laws?

Ask always: 
who is the 
manufacturer?

https://cemarking.net/eu-ce-marking-directives/machinery-directive/
https://cemarking.net/eu-ce-marking-directives/low-voltage-directive/
https://cemarking.net/eu-ce-marking-directives/emc-directive/
https://cemarking.net/eu-ce-marking-directives/medical-devices-directive/
https://cemarking.net/eu-ce-marking-directives/personal-protective-equipment-directive/
https://cemarking.net/eu-ce-marking-directives/construction-products-regulation-3052011/
https://cemarking.net/eu-ce-marking-directives/pressure-equipment-directive/
https://cemarking.net/eu-ce-marking-directives/reach-regulation/
https://cemarking.net/eu-ce-marking-directives/rohs-directive/
https://cemarking.net/eu-ce-marking-directives/atex-directive/
https://cemarking.net/eu-ce-marking-directives/toys-directive/
https://cemarking.net/eu-ce-marking-directives/rtte-directive/
https://cemarking.net/eu-ce-marking-directives/recreational-craft-directive/
https://cemarking.net/eu-ce-marking-directives/active-implantable-medical-devices-directive/
https://cemarking.net/eu-ce-marking-directives/explosive-civil-use-civex-directive/
https://cemarking.net/eu-ce-marking-directives/noise-emission-directive/
https://cemarking.net/eu-ce-marking-directives/gas-appliances-directive/
https://cemarking.net/eu-ce-marking-directives/lifts-directive/
https://cemarking.net/eu-ce-marking-directives/pyrotechnic-directive/
https://cemarking.net/eu-ce-marking-directives/measuring-instruments-directive/
https://cemarking.net/eu-ce-marking-directives/ecodesign-energy-labeling-directive/
https://cemarking.net/eu-ce-marking-directives/


Standards for pressure and 
cryogenic equipment

Pressure and cryo eq.
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PED ASME

Japan code…

Different countries regulate in a 
different way and with different legal 
implications

Focus on the European approach

Examples all 
around the word

Pressure codes
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… and many others…



Example: cryogenic He is classified in Group 2 
(not-dangerous gas) / cryogenic liquids are 
treated as gas
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European PED
Main content of Pressure Equipment Directive (PED) 
2014/68/EU:

• Applies to internal pressure > 0.5 bar (gauge)
• Vessels must be designed, fabricated and tested according to the 

Essential Safety Requirements (ESRs) of Annex I (see next slide)

2 key parameters:
Max. Allowable Pressure: PS

Volume (diameter for a 
pipeline): V

Desing your system to 
fall in the lowest 

possible category: 
minimise PS or V or 

both! • Establishes the conformity assessment procedures, 
depending on the category. For Cat II, III and IV 
involvement of Notified Body is mandatory

• The vessels are classified in different categories (SEP, I, II, III, IV), 
depending on the stored energy, expressed as Pressure x Volume 
(bar gauge x l) / Category IV represents the highest risk



Annex I of the Pressure Equipment Directive (PED) 2014/68/EU:
…
The manufacturer is under an obligation to analyse the hazards and risks in order to identify those 
which apply to his equipment on account of pressure; he shall then design and construct it taking 
account of his analysis. 

Some of the Essential Safety Requirements (annex I of Directive 2014/68/EU) concern 
• Risk analysis
• Design for adequate strength / Calculation method 
• Protection against exceeding the allowable limits of pressure equipment / Safety accessories
• Manufacturing procedures/ Permanent joining  / Non-destructive tests / Heat treatment  / 

Traceability
• Final assessment : Final inspection  / Proof test 
• Marking and labelling => CE marking
• Operating instructions
• Materials
• Specific quantitative requirements for some categories of pressure equipment : Allowable stresses / 

Joint coefficients / Hydrostatic test pressure (1.43 coefficient for test pressure)
• …

Annex III
The manufacturer shall establish the technical documentation. 
The technical documentation shall make it possible to assess the conformity of the pressure equipment 
to the relevant requirements …

European PED
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The pressure equipment shall be designed for 
loadings appropriate to its intended use and other 
reasonably foreseeable operating conditions. …
The allowable stresses for pressure equipment shall 
be limited having regard to reasonably foreseeable 
failure modes under operating conditions. To this 
end, safety factors shall be applied …

We do not discuss here the 
MARKET implications: we assume 
that accelerator facilities are not 

impacted.

• ‘manufacturer’ means any natural or legal person who manufactures pressure 
equipment or an assembly or has such equipment or assembly designed or 
manufactured, and markets that pressure equipment or assembly under his 
name or trademark or uses it for his own purposes; 



Rules / Laws / Directives Standards

European Union Directive:
European Directive 

2014/68/EU 
on the ‘Approximation of 
the laws of the Member 

States concerning pressure 
equipment’

Mandatory / legal obligation
Not mandatory / not legal 

obligation

Harmonized Standards Not Harmonized Standards

Presumption of Conformity with 
Essential Safety Requirements

EN 13445 Unfired pressure vessels 
EN 13480 Metallic industrial piping. 
EN 13458 Cryogenic vessels. Static vacuum insulated vessels. 
EN 10028-1 Flat products made of steels for pressure purposes. General 
requirements
EN 10028-7 Flat products made of steels for pressure purposes. Stainless 
steels
EN 10216-5 Seamless steel tubes for pressure purposes. Technical 
delivery conditions. Stainless steel tubes
EN 10217-7 Welded steel tubes for pressure purposes. Technical delivery 
conditions. Stainless steel tubes
EN 10222-5 Steel forgings for pressure purposes. Martensitic, austenitic 
and austenitic-ferritic stainless steels
EN 10272 Stainless steel bars for pressure purposes

French CODAP, AD 2000-Merkblätter, ASME Boiler and 
Pressure Vessel Code (BPVC), …

Technical standards
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Harmonised Standards - European Commission (europa.eu)

Essential Safety Requirements /  
general statements

Technical detailed implementation (see next slides) 

Proof of conformity is at the 
charge of the manufacturer

Not mandatory / not 
legal obligation

Use Harmonised Standards

https://single-market-economy.ec.europa.eu/single-market/european-standards/harmonised-standards_en


https://edms.cern.ch/nav/P:CERN-
0000076703:V0/P:CERN-0000095872:V0/TAB3 

• Standard pressure equipment
• PS = 110 bar
• V=4 l
• Gas : CO2

• Category II
• Complete follow-up according to EN13445
• Compliant with European Directive 

97/23/EC (superseded by 2014/68/EU)
• CE marked

Example
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C02 pressure dumper for CMS 
Pixel detector upgrade

https://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095872:V0/TAB3
https://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095872:V0/TAB3


Cryogenic insert for 
superconducting magnet tests

ATLAS C3F8/C6F14 
exchanger

The first 5.5 m long 11 T MBH dipole prototype in its cryostat 
at CERN ready to be transported to the test bench

Crab cavity

LHC cavity

More examples
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Comprehensive approach

Technical standards
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EN 13445 Unfired pressure vessels 
EN 13480 Metallic industrial piping. 
EN 13458 Cryogenic vessels. Static vacuum insulated vessels. 

About 1200 pages!

Material Selection

Inspections

Tests
Use

Maintenance

Desing 
• Design 

solutions
• Calculations
• Welded joints

Documentation



• According to EN13445, select the right the stainless steel (be careful!). 

Use Harmonized standards :  

• Plates and Sheets

• EN 10028-1 Flat products made of steels for pressure purposes. General requirements

• EN 10028-3 Flat products made of steels for pressure purposes. Weldable fine grain steels, 
normalized

• EN 10028-7 Flat products made of steels for pressure purposes. Stainless steels

• Tubes

• EN 10216-5 Seamless steel tubes for pressure purposes. Technical delivery conditions. 
Stainless steel tubes

• EN 10217-7 Welded steel tubes for pressure purposes. Technical delivery conditions. Stainless 
steel tubes

• Bars

• EN 10272 Stainless steel bars for pressure purposes

… and many others!

• During design process, DON’T use real properties but properties you find in the harmonized standards.

• When you buy a commercial component: be careful! ASME materials: it is not impossible to use them but 
it is necessary to justify them!

• When a material is not considered in the standard, please discuss with experts.

“Particular Material 
Appraisal”

Standard material 
certificate

https://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095883:V0/TAB3

https://edms.cern.ch/nav/P:CERN-
0000076703:V0/P:CERN-0000095883:V0/TAB3

https://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095881:V0/TAB3

https://edms.cern.ch/nav/P:CERN-
0000076703:V0/P:CERN-
0000095881:V0/TAB3

See talks of Stefano Sgobba and Ignacio A. Santillana

Materials
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Avoid ASME materials

https://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095883:V0/TAB3
https://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095881:V0/TAB3


Design
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▪ Following the EN 13445, here the main steps:

 Select the actions loading the vessel

 Select the proper action combinations: load cases

 Classify in ‘standard load case’, ‘test load case’, ‘accidental load 
case’ => different safety factors!

▪ Example of actions for a superconducting  RF cavity

 Pressure inside the vessel (with and without liquid)

 Outer pressure  (i.e. due to leak in insulation vacuum space)

 Reactions at the supports (including seismic loads)

 Loads imposed by piping 

 Shipping and handling

 …

▪ Example of load case for a superconducting  RF cavity

 Leak test

 Pressure test

 Transport

 Cool-down

 Steady state

 Warm-up

 …

Crab cavity

Main parameter to define: 
Maximum Allowable Pressure PS: 

it has legal implication, being it 
defined in the PED

The risk analysis is very useful to 
avoid overlooking important 

actions and load cases

Actions and load cases



DesignSelect the Design method*
• Design by formula

• The most standard approach and easiest to cross check

• Often long and tedious calculation procedures: spreadsheets are a must

• Only deals with pressure loads

• Rarely enough to calculate a magnet cryostat or a cryomodule (weight, 
interface loads, particular geometry, etc.)

• Stress analysis (ex: EN 13458-2 Annex A or EN 13445-3 Annex C) 

• Evaluation of stresses using a finite element code

• Linear elastic analysis

• Decomposition of stresses in primary, secondary, membrane, bending

• Comparison with different allowable stresses depending on the load 
classification

• Design by analysis – Direct route (EN 13445-3 Annex B)

• Applicable to any component under any action

• When manufacturing tolerances specified by the code are exceeded

• Finite element models including material and geometrical non-linearities
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* “Design checks” is actually a better term. The verification of the final design must be 
done through one of these routes but it may be practical to use other formulas/methods 
during the preliminary design phase.

See talks of Martina Scapin and Federico Carra

Based on FEA



Design
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Permanent joints 

The most commonly used processes in cryostat fabrication are:
• Tungsten Inert Gas (TIG - 141)
• Metal Inert Gas Welding (MIG - 131)
• Electron-beam welding (51) 

Vacuum Brazing is another process used for permanently joining 
different materials

Full quality assurance of welds involves:
• Specification of quality levels for imperfections suitable to 

the application
• Qualification test of welding procedures and welders
• Welding inspection

Manufacturing
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See talks of J. M. Krumenacker, R. Girard and S. Mathot



WPQR (Welding Procedure 
Qualification Record)

WPS (Welding Procedure 
Specifications) WQ (Welder 

Qualification)

CO2 example
https://edms.cern.ch/nav/P:CERN-
0000076703:V0/P:CERN-
0000095872:V0/TAB3 

Manufacturing
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Welding book



Inspections

Non-destructive tests (NDTs)

From EN 13445-5: 2014 Section 4.1

Each individual vessel shall be inspected during construction and upon 
completion. Inspections shall be made to ensure that in all respects the design, 
materials, manufacturing, and testing comply with the requirements of this 
standard. Documented evidence shall be prepared to verify implementation of 
this requirement.

Different tipologies:
• Visual test: always 100% visual test on EU standards! 
• Liquid penetrant test
• X-ray test
• Ultrasound test

Type and extents depend on materials and on joint coefficient (= depend on the 
design)

Performed 
• by qualified testing personnel
• according to specific European Harmonized Standards

Remarks
• Brazed joints shall be testes as well

CO2 examplehttps://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095890:V0/TAB3

CO2 example
https://edms.cern.ch/nav/P:CERN-
0000076703:V0/P:CERN-
0000095890:V0/TAB3

See talks of Gonzalo A. Izquierdo

Inspections and tests
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https://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095890:V0/TAB3


CO2 vessel
https://edms.cern.ch/nav/P:CERN-
0000076703:V0/P:CERN-0000095872:V0/TAB3 

Pressure test

For a component falling into the PED domain, the pressure test is 
MANDATORY!

The test pressure is derived from Maximum Allowable Pressure: according 
to EN 13445, usually (but not always) the test pressure is 1.43*PS

The test procedure is given in the EN 13445.

Is not a pressure test enough to grant the safety of a vessel? 

An overpressure test is not enough to ensure safe operation over the 
lifetime of the equipment! Cyclic loads are not simulated.

http://www.youtube.com/watch?v=2WJVHtF8GwI

http://www.youtube.com/watch?v=
2WJVHtF8GwI

http://www.youtube.com/watch?v=AB9QvkvQuvM

http://www.youtube.com/watch?v=
AB9QvkvQuvM

Inspections and tests
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http://www.youtube.com/watch?v=2WJVHtF8GwI
http://www.youtube.com/watch?v=AB9QvkvQuvM


Safety devices
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Annex I of the Pressure Equipment Directive (PED) 2014/68/EU Section 2.10:

Protection against exceeding the allowable limits of pressure equipment 
Where, under reasonably foreseeable conditions, the allowable limits could be exceeded, 
the pressure equipment shall be fitted with… suitable protective devices, unless the 
equipment is intended to be protected by other protective devices within an assembly. 

2 types of devices:
• Closeable valve Cla-Val 50-01 Pressure Relief Valve 3D Animation (youtube.com)
• Burst disc Rupture Disc Burst (youtube.com)

The set pressure shall be the Maximum Allowable pressure PS.
Relief area is evaluated according to the Maximum Credible Incident (MCI).

Rupture disc - Wikipedia

Courtesy of Leser

https://www.youtube.com/watch?v=oFXW-rJQJrA
https://www.youtube.com/watch?v=nbuvKDERL4k
https://en.wikipedia.org/wiki/Rupture_disc


• Cryogenic vessels and lines and vacuum insulations 

volumes shall be protected by safety devices.

• Standards are available for sizing

• EN ISO 4126-2013 / Safety devices for protection 

against excessive pressure 

• EN 13648:2008 / Cryogenic vessels - Safety devices 

for protection against excessive pressure

•  ISO 21013:2016 Cryogenic vessels -- Pressure-relief 

accessories for cryogenic service

Safety devices
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Ask always where they are installed



https://edms.cern.ch/project/CERN-0000095872

Please keep in mind “Safety Folder” instead of “Safety File”!
Foresee it since the beginning of the job!

The “Safety Folder” is very useful also during design phase: you can 
store drawings, calculations, …

Technical documentation
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DOCUMENTATION IS THE BASIS FOR THE COMPLIANCE 
WITH RULES!

For  a small project

Annex III of the Pressure Equipment Directive (PED) 2014/68/EU, Section 2

The manufacturer shall establish the technical documentation. 
The technical documentation shall make it possible to assess the conformity of the 
pressure equipment to the relevant requirements, …

The technical documentation shall, wherever applicable, contain at least the following 
elements: 
— a general description of the pressure equipment, 
— conceptual design and manufacturing drawings and diagrams of components, sub-
assemblies, circuits, etc., 
— descriptions and explanations necessary for an understanding of those drawings and 
diagrams and the operation of the pressure equipment, 
— a list of the harmonised standards… applied in full or in part..
— results of design calculations made, examinations carried out, etc., 
— test reports. 



Example: an accelerating cavity…

Crab cavity

If standards are applicable => follow the standard

If standards are not applicable =>
Some examples:
• Cryogenic equipment with magnet inside (huge mass inside a 

pressure vessel)
• Exotic materials (Niobium, Copper OFE…)
• Bolted vessel with leak tight welded joints (not structural)
• Special flanges (pressurized vacuum flanges)
• …

Essential Safety requirements are the reference

Discussion with Safety Unit to define the conformity approach

Inspiration from existing standards to find an approach to the design, 
manufacturing, inspection and testing which is granting the safety.

Accelerator components
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Do not work alone!
Rise the concern 

immediately!



CRAB cavities

• Discussion and agreement with CERN Safety Unit (HSE)

• Advanced calculations
• Test campaigns for material behaviour at room T and at cold
• Dummy vessel test for bolt behaviour

• Qualification of special joints

• Full SPS mock-up

• Detailed manufacturing follow-up
• Notified  body required for external companies

Accelerator components
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Calculations
Material tests

Dummy 
vessel and 
bolt tests

DQW SPS 
prototype 



Standards for machinery

Machinery
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RulesMachinery
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Focus on the European approach

Machinery DIRECTIVE 2006/42/EC OF THE EUROPEAN PARLIAMENT AND OF THE 
COUNCIL of 17 May 2006 on machinery, and amending Directive 95/16/EC (recast):

• applies to Machinery: ‘an assembly, fitted with or intended to be fitted with a 
drive system other than directly applied human or animal effort, consisting of 
linked parts or components, at least one of which moves, and which are joined 
together for a specific application’

• Machinery must be designed, fabricated and tested according to the Essential 
Safety Requirements (ESRs) of Annex I (risk assessment is one of them) 

• Notified Body is required only for specific machinery (Annex IV)

• Declaration of conformity, signed by the manufacturer, is mandatory

• ANNEX VII describes the Technical file for machinery

Forklift truck 
for clean 
room

Gantry for 
cryostating

The EU Machinery Regulation 2023/1230 
becomes legally binding in all EU states on 

20 January 2027 (key date regulation)!



Rules / Laws / Directives Standards

European Union Directive:
Directive 2006/42/EC of 
the European Parliament 
and of the Council of 17 
May 2006 on machinery, 
and amending Directive 

95/16/EC (recast)

Mandatory / legal obligation
Not Mandatory / not legal 

obligation

Harmonized Standards Not Harmonized Standards

Presumption of Conformity with 
Essential Safety Requirements

A-type standards specify basic concepts,
B-type standards deal with specific aspects of machinery safety or 
specific types of safeguard that can be used across a wide range of 
categories of machinery.
C-type standards provide specifications for a given category of 
machinery

Here the list:

Technical standards
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Essential Safety Requirements /  
general statements

Technical detailed implementation (see next slides) 

Proof of conformity is at the 
charge of the manufacturer

Not Mandatory / not 
legal obligation

Machinery (MD) - European Commission (europa.eu)

Use Harmonised Standards

i.e. for some lifting device ASME B30.20, ASME 
B30.21, … and many others…

https://single-market-economy.ec.europa.eu/single-market/european-standards/harmonised-standards/machinery-md_en


Machine control systems• Machinery is today a mix of mechanics, electrics and electronics

• It is impossible to have a safe machine without a safe control system: 
control systems are classified according to their reliability (PL levels, SIL 
levels)
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• The components of the control system shall be 
assembled with proper knowledge.

• Please contact always an experienced technician



Wired control system

Technical documentation
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https://edms.cern.ch/project/CERN-0000198978



Standards for lifting equipment

Lifting equipment
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• Lifting accessories are a special case of Machinery directive, even if they 

are ‘static’, not motorized

• Most common category: non-fixed load-lifting accessories

• CE stamp required

• Technical file shall be delivered with the accessory

Lifting equipment
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CRR-02932 - Palonnier SLINGSINTT pour aimant HL-LHC | Asset CRR-02932 (cern.ch)

Machinery DIRECTIVE 2006/42/EC OF THE EUROPEAN PARLIAMENT AND OF 
THE COUNCIL of 17 May 2006 on machinery

https://edms.cern.ch/ui/#!master/navigator/external?X:H$CRANES:A:CRR-02932


Standards for big structures

(buildings,…)

Eurocodes
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Eurocodes

Icarus WA104

Andrea CATINACCIO | M.Sc. Mech Eng | CERN, Genève | CERN | Physics Department 
(PH) | Research profile (researchgate.net)

DUNE experiment at Fermilab

• They are intended for structural design, mainly for civil engineering

• Application required for big structures at CERN

• WARNING: the legal context for the Eurocodes is slightly different from 
other European directives

Eurocodes

04/06/2024
Luca Dassa - CAS - Mechcanical Engineering - Safety and 

Standards
41

(stainless steel: EN 1993-1-4)

https://www.researchgate.net/profile/Andrea-Catinaccio-2
https://www.researchgate.net/profile/Andrea-Catinaccio-2


Conclusions

Conclusions
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• Many domains of engineering are covered by rules and directives: pressure 
equipment, cryogenic equipment, machinery, lifting accessory, buildings, …

• Rules and directives have a legal status: be sure you know the applicable rules to 
your working institution

• Technical standards are not mandatory. Harmonized standards have a special 
importance, due to the presumption of conformity

• Standards impact the full lifecycle of the equipment: design, manufacturing, 
inspection, test, operation, maintenance, repair

• Documentation is of paramount importance to demonstrate the compliance with 
the applicable rules. Among others, risk analysis is of primary relevance

Conclusions
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MECHANICAL & MATERIALS ENGINEERING 
FOR PARTICLE ACCELERATORS AND DETECTORS

Thank you for your attention

Questions?



Back-up slides

Back-up slides
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Laws are based on broad principles, while rules are based on narrow technicalities in their
application to specific cases and people involved in different situations.

Danger
“Danger” has a few meanings. It can be used as a substitute for risk, for example.
A “danger” is something or someone that can hurt you.
Dangers usually involve immediacy.
This is different from “hazard,” in which the exposure might be extremely low, but there is a 
higher chance of great harm or death.
Let’s look more closely at “hazard” now.
Hazard
A “hazard” is a source of danger or harm to a person or environment.
“Hazard” is a known threat. Yet, there is an unpredictable element to a “hazard.”

A hazard is something that can harm you, while a risk is the probability or likelihood of a 
hazard harming you

Definitions

04/06/2024
Luca Dassa - CAS - Mechcanical Engineering - Safety and 

Standards
47

https://www.bing.com/ck/a?!&&p=0cba2048fc4b862dJmltdHM9MTcxNTkwNDAwMCZpZ3VpZD0wM2YwNzVjOS0wZWEwLTY5M2EtMTYwNS02MTRiMGY2NzY4ZDEmaW5zaWQ9NTg4MQ&ptn=3&ver=2&hsh=3&fclid=03f075c9-0ea0-693a-1605-614b0f6768d1&psq=risk+vs+hazard&u=a1aHR0cHM6Ly93d3cuaGFzcG9kLmNvbS9ibG9nL21hbmFnZW1lbnQvZGlmZmVyZW5jZS1iZXR3ZWVuLWhhemFyZC1yaXNrLWV4cGxhaW5lZA&ntb=1
https://www.bing.com/ck/a?!&&p=0cba2048fc4b862dJmltdHM9MTcxNTkwNDAwMCZpZ3VpZD0wM2YwNzVjOS0wZWEwLTY5M2EtMTYwNS02MTRiMGY2NzY4ZDEmaW5zaWQ9NTg4MQ&ptn=3&ver=2&hsh=3&fclid=03f075c9-0ea0-693a-1605-614b0f6768d1&psq=risk+vs+hazard&u=a1aHR0cHM6Ly93d3cuaGFzcG9kLmNvbS9ibG9nL21hbmFnZW1lbnQvZGlmZmVyZW5jZS1iZXR3ZWVuLWhhemFyZC1yaXNrLWV4cGxhaW5lZA&ntb=1


And in an accelerator facility? 

At CERN

CERN Rules have priority on French and Swiss rules

Be aware! CERN is a special situation: it is SLIGHTLY DIFFERENT

EDMS 1520394

EDMS 1520394

Somewhere else (at your facility, maybe)

Most likely you must comply with legislation of the country

CHECK APPLICABLE RULES WITH EXPERTS!
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Rules and directives
CERN rules

https://edms.cern.ch/ui/file/1520394/1/mechanical_rules_cluster_poster.pdf
https://edms.cern.ch/ui/file/EDMS


Standards for pressure and 
cryogenic equipment

Pressure and cryo eq.
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DesignEN 13445-3 annex A is a good reference for designing pressure 
bearing welds. EN 1708-1 is also a very useful harmonised standard. 
Some examples:
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Longitudinal welds Flat ends NozzlesCircular welds Pressure bearings welds



Materials

Not all the materials (304L, 316L, 316LN) are 
accepted for cryogenic use.

Harmonized standards:

• EN13445-2:2014 -> Table B.2-11

• EN13458: not really clear

• EN1252-1:1998: the most important property 
is the material toughness at low temperature 
→ > 27 J at -196 °C

See talks of Stefano Sgobba and Ignacio A. Santillana

Materials
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Inspections

NDT is possible NDT is not possible

NDTs
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For a big project: crab cryomodule

QUALITY AND SAFETY: complementary MTF Application - Equipment Main Page (HCACF_A004-UK000001) (cern.ch)

Technical documentation
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https://edms5.cern.ch/pls/asbuilt/mtf_equip.eqp_main_top?cookie=75191648&p_rec_type=A&p_rec_id=HCACF_A004-UK000001


Standards for machinery

Machinery
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Partly compl. machinery
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Machinery DIRECTIVE 2006/42/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL 
of 17 May 2006 on machinery, and amending Directive 95/16/EC (recast):

 ‘partly completed machinery’ means an assembly which is almost machinery but which 
cannot in itself perform a specific application. A drive system is partly completed
machinery. Partly completed machinery is only intended to be incorporated into or 
assembled with other machinery or other partly completed machinery or equipment, 
thereby forming machinery to which this Directive applies;



Machinery Directive

DIRECTIVE 2006/42/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 17 May 2006 on machinery, and amending 

Directive 95/16/EC

Article 1

Scope

...

2. The following are excluded from the scope of this Directive:

...

(h) machinery specially designed and constructed for research purposes for temporary use in laboratories;

Machinery for Research

• What does ‘temporary’ mean?

• May an accelerator be qualified as a ‘laboratory’ following 

the Directive scope?

Machinery
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Use in laboratories



Standards for lifting equipment

Lifting equipment
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The lifting procedure shall be studied carefully! => impact on the design and on 

the instruction => impact on safety! 

HOW?

Lifting equipment
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Lifting procedure



Standards for big structures

(buildings,…)

Eurocodes
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Eurocodes

2591528_Report_LB_RFQ_Safety_Assessment_V2_3_docx_cpd
f.pdf (cern.ch)

Eurocodes
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Earthquake loads

https://edms.cern.ch/ui/file/2591528/1/2591528_Report_LB_RFQ_Safety_Assessment_V2_3_docx_cpdf.pdf
https://edms.cern.ch/ui/file/2591528/1/2591528_Report_LB_RFQ_Safety_Assessment_V2_3_docx_cpdf.pdf


Sizing of welded joints  according to Eurocode 3

WARNING :

Eurocode 3 requires partial 

safety factors on loads (actions)

Eurocodes
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Welded joints



Guidelines

Guidelines
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Guidelines are available all around the word. Here some example of used guidelines at CERN

• US Military standards: MIL-STD-810H, MIL-STD-2073-2073-1

• NASA documentation: NASA Reference Publication 1228 (1990) Fastener Desing Manual 

• ITER design handbook (restricted access): Remote Handlining Handbook

• VDI: see https://www.vdi.de/en/home/vdi-standards => VDI 2230

List of guidelines
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https://www.vdi.de/en/home/vdi-standards


VDI 2230

• VDI 2230-1 Systematic calculation of highly stressed 

bolted joints / Joints with one cylindrical bolt

• Formula available for manual calculations

• VDI 2230-2 Systematic calculation of highly stressed bolted joints 

/ Multi bolted joints 

• See EDMS 1866760 Application of FE-analysis in Design and Verification 

of Bolted Joints according to VDI 2230 at CERN’’  

4 strategies for FE modelling of a bolt

VDI 2230
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VDI 2230VDI 2230 NOT VALID FOR ALL APPLICATIONS! See next table

Eurocode 3 (EN 1993-1-8 Design of joints) and bolts: bolts 

not used  in the same way! Bolts are mainly working in shear

• EN 13445-3

(W is the design bolt load for assembly 

condition) 

VDI 2230
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