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Standards for mechanical systems at
CERN

(with special focus
on pressure and cryogenic equipment)
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CERN Safety
Cryogenic equipment at CERN

GSI-M-4
• Definitions
• CERN Safety Rules and Laws (framework at CERN + relevant EU laws)
• Minimum Safety Requirements related to the life cycle of the equipment
• Basics for the Safety File

An equipment installed at CERN 
shall comply with CERN rules

cryogenic equipment

http://www.google.it/url?sa=i&source=images&cd=&cad=rja&docid=CQaLSx2f7MVyFM&tbnid=0_M3XpSZNR5EKM:&ved=&url=http://www.nsd-fusion.com/customers.php&ei=-GrIUeHgNIXB7Aa-pIGQDg&psig=AFQjCNGe9hJe9NdpiujXFKlzLXxfsTX-Kg&ust=1372175480917376


CERN (EN-MME-EDM)
Standards for mechanical systems at CERN

Luca Dassa – 18/07/2018
3 / 18

CERN Safety
Europe

EUROPE European countries

European Union 
Directive:

European Directive 
2014/68/EU 

on the 
‘Approximation of 
the laws of the 
Member States 

concerning pressure 
equipment’

CERN

SR-M
GSI-M-2

SSI-M-2-1
SSI-M-2-3
SSI-M-2-3
GSI-M-4

Presumption of 
conformity 
with PED

Harmonised codes and 
standards 

(long list; i.e. EN 
13445 Unfired 

Pressure Vessel)

CE stamp

Compliance with 
Essential Safety 

Requirements 
(ESRs)
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Pressure 
European
Directive

Basics

2 key parameters:
• Service Pressure PS
• Volume V for vessel or 

Diameter  D for pipeline

Category 2 to 4: 
Notified body shall 
be involved

PRESSURE EUROPEAN DIRECTIVE

• Applies to internal pressure > 0.5 bar

• Vessels must be designed, fabricated and tested according to 
the Essential Safety requirements of Annex I

• Establishes the conformity assessment procedure depending 
on vessel category

• The category depends on the stored energy (which relates to 
risks) expressed as Pressure x Volume in bar x L
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PED Essential Safety Requirements (ESRs): see Annex A 

Here some examples

PRELIMINARY OBSERVATIONS 

2 – Design

2.2 – Design for adequate strength

2.11 - Safety accessories

3 – Manufacturing

4 – Materials

the pressure equipment manufacturer shall: … provide in his technical documentation elements relating to compliance with 
the materials specifications of this Directive in one of the following forms: 

— by using materials which comply with harmonised standards, 

— by a particular material appraisal;

SPECIFIC PRESSURE EQUIPMENT REQUIREMENTS

7 – Specific quantitative requirements for certain pressure equipment

7.1 – Allowable stresses => 7.1.2 permissible general membrane stress

7.2 - Joint coefficient

7.4 – Hydrostatic test pressure

7.5 - Material characteristics => “elongation after rupture is no less than 14 % and its bending rupture 
energy measured on an ISO V test-piece is no less than 27 J, at a temperature not greater than 20 °C”

Pressure 
European
Directive

ESRs
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PED Harmonised codes and 
standards

CERN rules

Presumption of conformity
(= compliance with ESRs)

Comprehensive codes:

• EN 13458:2002 Cryogenic vessels – static vacuum insulated 
vessels (part 1, 2 and 3)

• EN 13445-1:2014 Unfired pressure vessel (part 1, 2, 3, 4, 5 and 8)

• EN 13480-1:2014 Metallic industrial piping (part 1, 2, 3, 4, 5 and 
8)

Material codes:

• EN 10028:2007 Flat products made of steel for pressure 
purposes (part 1, 3 and 7)

• EN 10216-5:2004 Seamless steel tubes for pressure purposes 
– Technical delivery conditions – part 5: Stainless steel 

• EN 10217-7:2005 Welded steel tubes for pressure purposes –
Technical delivery conditions – part 7: Stainless steel

• EN 10222:1998 Steel forgings for pressure purposes (part 1 
and 5)

• EN 10213:2007 Steel castings for pressure purposes 

• EN 10272:2007 – Stainless steel bars for pressure purposes

Codes for components:

Bellows 

• EN 14917:2009 Metal bellows expansion joints for pressure 
applications 

Cryogenic vessels

• EN 12434:2000 Cryogenic vessels - Cryogenic flexible hoses

• EN 13371:2001 Cryogenic vessels - Couplings for cryogenic service

• EN 1626:2008 Cryogenic vessels - Valves for cryogenic service

Fittings

• EN 10253-4:1999 Butt-welding pipe fittings. Wrought austenitic and 
austenitic-ferritic (duplex) stainless steels with specific inspection 
requirements 

Safety devices (Sizing & selection standards)

• ISO 4126: Safety devices for protection against excessive pressure

– ISO 4126‐1: Safety valves

– ISO 4126‐2: Rupture disks

– ISO 4126‐10 (two‐phase flow)

• EN 13648‐3: Safety devices for cryogenic equipment

• EN 764‐7: Selection of safety systems

Harmonised standards

not exhaustive lists…
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CERN Safety
Special Mechanical Equipment

From GSI-M2/  GSI-M4 : new definition

Cryogenic equipment liable to have major Safety implications: 
− not compliant with the applicable European directives, or 
− of a highly complex design, or 
− using reduced safety factors, or 
− requiring special conditions of use, or 
− using unconventional materials or manufacturing technologies, or 
− presenting a high-level hazard for people, the environment or other installations in the event of failure. 

Pressurized equipment is by default standard equipment and shall follow classic regulations.

At CERN the status “liable to have major Safety implications” SHALL BE GRANTED BY HSE.
Even if “liable to have major Safety implications” , the EU standard are the reference

CERN specificity (i.e. exotic materials such as Niobium, 
Titanium…) => difficulties to comply with laws and standards

CE stamp not required for equipment “liable to have major Safety implications”
Demonstration of compliance with Essential Safety Requirements of the PED shall be provided 

compliance with Essential Safety Requirements => use of European harmonised standards
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CERN Safety
HSE unit

Mandate of the Occupational Health & Safety and Environmental Protection Unit (HSE)

MISSION of CERN’s HSE Unit:
• supports the Organization in the implementation and enforcement of its Safety Policy;
• monitors the implementation and accomplishment of Safety objectives aimed at a continuous improvement of 

safe working and operating conditions as well as environmental protection;
• grants Safety clearance on behalf of the Director-General for special equipment, installations, experiments 

and projects with major Safety implications

SCOPE OF WORK
I. … the HSE Unit assists the Organization in defining and monitoring the implementation of its Safety Policy, 
through:
• assistance in the definition and achievement of Safety objectives at all levels of the Organization;
• advice and relevant expert support on Safety risk assessment, risk reduction and risk control;
• proposals for Safety improvements based, inter alia, on lessons learnt and best practices;
• training, information and awareness-raising in Safety matters;
• assistance in the implementation of CERN’s regulatory framework in matters of Safety.
…
IV. The HSE Unit provides Safety clearance for activities, special equipment, installations, experiments and 
projects with major Safety implications prior to design, operation or dismantling activities. 

Source: https://hse.cern/content/mandate
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Documentation to demonstrate 
compliance with ESRs => Safety file

Safety file
Content

From GSI-M-4

The content of the Safety File (= the doc to be 
produced) is almost independent from the category 
(= the same except category 0, but…)
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Safety devices

• He cryogenic lines and vacuum

insulations volumes shall be

protected by safety devices.

• Europeans Standards shall be

followed for dimensioning =>

presumption of conformity

SPS Crab cryomodule
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CERN Safety
Beam pipes at CERN (1)

GSI-M-2
• Definitions
• CERN Safety Rules and Laws (framework 

at CERN + relevant EU laws)
• Minimum Safety Requirements related to 

the life cycle of the equipment
• Basics for the Safety File

SSI-M-2-5
• Definitions
• CERN Safety Rules and Laws
• Additional Safety Requirements compared 

to the main GSI

An equipment installed at CERN 
shall comply with CERN rules

Beam pipe
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CERN Safety
Beam pipes at CERN (2)

In theory out of the PED scope

At CERN
• shall be treated as low risk pressure equipment
• the relevant harmonised standards for the 

beam vacuum pipe design, manufacturing and 
testing are listed in the CERN Rules. The most 
important ones are (not exhaustive list):

o EN 13445 - Unfired Pressure Vessels
o EN 14917 – Metal bellows expansion 

joints for pressure applications
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ExamplesCrab cavity

11T cold mass has been designed according to 
PED requirements / not yet manufactured

HIE Isolde magnet 
(Danfysik) / CE marked
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SC magnetsSuperconducting magnets according to PED ?

• PED excludes high voltage equipment (and superconducting magnets are often rated for 
high voltage). 

• So having them CE marked may not be straightforward => agreement with HSE is 
required

• however PED/harmonised standards shall be followed for the design, manufacturing 
and testing => compliance with ESRs

• often category 2, 3 or 4 : involvement of a Notified Body is required => agreement with 
HSE is required
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CERN Safety
Lifting equipment at CERN

An equipment installed at CERN 
shall comply with CERN rules

lifting equipment

GSI
• Definitions
• CERN Safety Rules and Laws (framework 

at CERN + relevant EU laws)
• Minimum Safety Requirements related to 

the life cycle of the equipment
• Basics for the Safety File

SSI
• Definitions
• CERN Safety Rules and Laws
• Additional Safety Requirements compared 

to the main GSI
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Standard Lifting equipment: focus on SSI-M-1-3

Non-fixed load-lifting accessories

o CE stamp

o Safety file shall be provided

o Proof test according to French

regulations

HSE:

• allocate a CERN identification number;

• draw up an acceptance report which shall be

included in the Safety File;

• authorise commissioning.

Non-fixed 
load-lifting 
accessories

SSI-M-1-3
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Conclusions

• CERN norms => European law => European Standards give presumption of conformity / CERN

requires to apply European Standards

• Superconducting magnets according to PED?

• having them CE marked may not be straightforward => this is not the point!

• relevant harmonised standards shall be used to demonstrate compliance with ESRs

• agreement with HSE is required, above all about involvement of a Notified Body

• Beam pipes

• out of PED scope

• CERN requires to use harmonised standards as per pressure equipment

• Lifting tools: CE stamp according to relevant European directives (i.e. Directive 2006/42/CE for

Machinery, …)
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References

• CERN safety rules (http://cern.ch/safety-rules) , Safety Regulation for Mechanical Equipment, SR-M ( 
https://edms.cern.ch/ui/file/875606/LAST_RELEASED/SR-M_EN.pdf )

• GSI-M-2 - Standard pressure equipment (https://edms.cern.ch/ui/file/875610/LAST_RELEASED/GSI-M-2_EN.pdf)

• SSI-M-2-5 - Vacuum chambers and beam pipes (https://edms.cern.ch/ui/file/1453956/LAST_RELEASED/SSI-M-2-5_EN.pdf) 

• GSI-M-4 - Cryogenic equipment (https://edms.cern.ch/ui/file/1327191/LAST_RELEASED/GSI-M-4_EN.pdf)
• Directive 2014/68/EU: https://ec.europa.eu/growth/sectors/pressure-gas/pressure-equipment/directive_en
• Guidelines for cryogenic equipment are available in: https://edms.cern.ch/ui/file/1709279/LAST_RELEASED/Safety_Guideline_SG-M-4-0-

1_EN.pdf

The relevant harmonised standards are (not exhaustive list):
• EN 13445 - Unfired Pressure Vessels
• EN 13458 - Cryogenic vessels - Static vacuum insulated vessels
• EN 13480 - Metallic industrial piping
• EN 14917 – Metal bellows expansion joints for pressure applications
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SPARE SLIDES
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Safety file• “Safety Folder” instead of “Safety File”
• Foresee it since the beginning of the job
• EDMS and MTF (managing assets of the same item) tools are available 

at CERN for documentation storage

EDMS + MTF

Example of Crab SPS cryomodule
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Materials
Be careful to the choice, even to the choice of the stainless steel!

Harmonized 
standards :  

During design evaluation, please DON’T use real properties and DON’T use 
properties you find in the CERN specifications, but properties you find in 
the harmonized standards.

When a material is not considered in the harmonised standards (see ASME 
materials) => PMA is required

When you buy a commercial component: be careful to the standard for the 
material!
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Rules for strength assessment are defined in harmonised standards

• Design by formula

– The most standard approach and easiest to cross check

– Not always straightforward to understand how the formula was derived

– Often long and tedious calculation procedures

– 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

* “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.

Edms 1133291

Design
Design Methods*

Courtesy of L. Alberty and D. Ramos
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WPQR (Welding 
Procedure Qualification 

Record)

WPS (Welding 
Procedure 

Specifications)
WQ (Welder 
Qualification)

Manufacturing
Qualification of welding personnel 

and welding procedures

WELDING BOOK
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Testing
NDT

Goal

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

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

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

Remarks
• Brazed joints are not exempted!
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