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Crab SPS prototype cryomodule

• According to PED Annex 2, the cryomodule belongs to risk category I

• equipment liable to have major Safety implications (GSI-M-4) 

• exempted from EC-marking 

• the equipment shall meet the Essential Safety Requirements 

(ESRs) stated PED 97/23/EC.

• EU harmonized standards used whenever possible 

• If not possible, ASME Section VIII Div. 2  + compensatory measures in 

view of compliance with the ESRs of the PED.

• Hydrostatic proof test will be replaced by alternative methods

The SPS cryomodule
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Valid only 

for SPS 

cryomodule

designers engineers

HSE unit
management

manufacturing 

experts• prototype approach

• in house manufacturing and assembly

• materials not considered in harmonised 

standards

• unconventional configuration (bolted 

vessel, edge-welded bellows…)

• proof test with high risk to impact on RF 

performances



Documentation
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 cryomodule components

 design

And similar for other components… 

 CERN-0000115183

 CERN-0000115182

 only for bare cavity



 LHC cryomodules
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RFD at P1

DQW at P5

Actors:

• CERN

• internal

• outsourcing

• Canada contribution

• internal

• outsourcing

• UK contribution

• internal

• outsourcing

• US-AUP contribution

• internal

• Outsourcing

• …

Compliance 

with CERN 

rules
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Overall context

Approach valid for 

every case
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SR-M Mechanical equipment 

GSI-M-4 Cryogenic equipment 

GSI-M-2 Standard 

pressure equipment 
SSI-M-2-5 - Vacuum chambers and beam pipes

Compliance shall be granted

European law: 

Directive 2014/68/EU 

(PED)

Applicable harmonized 

standards

CE marking required, HSE could grant exception 

for “Cryogenic equipment liable to have major 

Safety implications:”

CERN rules for pressure/cryogenic equipment
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Crab Cavities 
Cryomodule

(ACFGA)

Protection 
devices

(xxx)

Vacuum 
vessel 

(ACFVT)

External 
supports    
(HACF)

Cryostat 
components 

(ACFAC)

Cryogenic 
circuits

Supports

Thermal 
shield

Warm 
magnetic 
shielding

Dressed 
cavities 

(ACFDC)

Bare cavities with interfaces                
(ACFCA)

Tuning system

(ACFTU)

Helium vessel 
(ACFHT)

HOM couplers

(ACFHC)

Cold magnetic 
shielding

Instrumentation 
(ACFIS)

Vacuum valves   
(VVG)

Main coupler 
(ACFMC)
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The basic unit: the cryomodule up to the 

jumper for connection with supply lines

CERN rules for standard 

pressure / cryogenic 

equipment!

Cryomodule breakdown

Beam 

screen
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Directive 2014/68/EU 

“‘manufacturer’ means any natural or legal person who

manufactures pressure equipment or an assembly or has such 

equipment or assembly designed or manufactured, and …uses it for 

his own purposes;”

Article 6 

Obligations of manufacturers 

1. When … using ... (their pressure equipment or assemblies) for 

their own purposes, manufacturers shall ensure that they have been 

designed and manufactured in accordance with the essential safety 

requirements set out in Annex I.

PED key words 

CERN is manufacturer of 

the cryomodule

The cryomodule shall be 

designed and 

manufactured in 

accordance with the 

essential safety 

requirements.

CERN rules specificity

• materials not considered in 

harmonised standards Titanium / Nb

/ Nb-Ti

• unconventional configuration (bolted 

vessel, edge-welded bellows…)

• proof test with high risk to impact on 

RF performances

GSI-M-4 Cryogenic equipment 

Cryogenic equipment liable to have 

major Safety implications

“… the approval of the HSE Unit is 

required for each stage in the life cycle 

of an item of cryogenic equipment liable 

to have major Safety implications.” 

HSE has verbally 

agree on Crab 

cryomodule as 

“Cryogenic 

equipment liable to 

have major Safety 

implications” and 

on exemption from 

CE Marking

Finalization 

ongoing! 
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Approach to grant compliance with CERN rules

SSA System Safety 

Assessment

• list of applicable CERN rules and relevant 

European harmonized standard

• status “Cryogenic equipment liable to have 

major Safety implications” should be granted

• the equipment shall meet the Essential Safety 

Requirements (ESRs) stated PED 2014/68/EU

• No CE marking

Technical specification 

for cryomodule

Roadmap for compliance 

with CERN safety rules 

for dressed cavities

Roadmap for compliance 

with CERN safety rules 

for cryomodule

Technical specification 

for dressed cavities

Technical specification 

for cryogenic lines

Roadmap for compliance 

with CERN safety rules 

for cryogenic lines

... …

Compliance with CERN 

rules is granted if the 

technical specification is 

fulfilled

Ad-hoc agreements / 

documentation can be discussed
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Example for Technical Specification

Choice between European and US 

standards is sometimes allowed. 
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Example for Roadmap

List of Essential safety 

requirements from PED 



 Very low risk components: each component is treated independently

 Assessment of the assembly according to PED (ANNEX 1: 2.3. , 2.8. , 2.9.)

 Notified body not required

Component Pressure Volume Diameter Fluid PED risk

category

Module for
Conf. Asmnt.

[bara] [barg] [l] [mm]

Dressed cavity

(ACFDC)

1.8 0.8 80 NA Liquid He

(1.9 K)

1 A

HOM (ACFHC) 1.8 0.8 NA 28 mm Liquid He

(1.9 K)

SEP NA

FPC TBD TBD NA TBD Water (300

K)

TBD NA

Upper

cryogenic line

(ACFQC)

1.8 0.8 NA 103 mm Liquid He

(1.9 K)

SEP NA

Bottom

cryogenic line

(ACFQC)

1.8 0.8 NA 28 mm Liquid He

(1.9 K)

SEP NA

Thermal shield

line (ACFTS)

25 24 NA 16 mm Gas He (50

K)

SEP NA

Cold-warm

transition

(ACFVW)

25 24 NA 16 mm Gas He (50

K)

SEP NA

Vacuum

vessel

(ACFVT)

1.5 0.5 Not relevant NA Insulation

vacuum

Out of

scope

NA

Few technical considerations
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Status and tentative deadlines
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Status of the Tech 

Spec

Status of the Roadmap

for Safety

Deadline

Cryomodule Draft in work Not started 28/02/2018 for 

circulation

Dressed cavities Well advanced draft Well advanced draft 19/11/2018 for 

circulation

Cryogenic lines Well advanced draft Well advanced draft

Thermal Shield Waiting for decision 

about material

Not started

Vacuum vessel Well advanced draft Not started 31/12/2018 for 

circulation

Main coupler Not started Not started

Status Deadline

SSA System Safety 

Assessment

Draft (EDMS 2010001) 19/11/2018 for circulation

Status Deadline

Protection device Started (calculation on-going) End of 2018



Conclusions

 CERN is manufacturer of the cryomodule

 Status of “cryogenic equipment liable to have major safety implications”

 Baseline approach “Technical specifications + Roadmap for 

compliance with CERN safety rules” 

 CERN is responsible for compliance with CERN rules of the 

cryomodule

 Manufactures of components shall comply with technical 

specifications => not blindly!

 Choice between European and US standards is sometimes allowed

Luca Dassa (EN-MME) - 18/10/2018 16



Thank you…
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 Back-up slides
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CERN rules specificity
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Cryogenic equipment liable to have major Safety implications: 

cryogenic equipment: 

− 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. 

GSI-M-4 Cryogenic equipment 



Assessment of the cryomodule as “an 

assembly”
ANNEX 1

2.3. Provisions to ensure safe handling and operation 

The method of operation specified for pressure equipment shall be such as to preclude any reasonably foreseeable risk in 
operation of the equipment. Particular attention shall be paid, where appropriate, to: 

— closures and openings, 

— dangerous discharge of pressure relief blow-off, 

— devices to prevent physical access whilst pressure or a vacuum exists, 

— surface temperature taking into consideration the intended use, 

— decomposition of unstable fluids. 

In particular, pressure equipment fitted with an access door shall be equipped with an automatic or manual device enabling the 
user easily to ascertain that the opening will not present any risk. Furthermore, where the opening can be operated quickly, the
pressure equipment shall be fitted with a device to prevent it being opened whenever the pressure or temperature of the fluid 
presents a risk.

2.8. Assemblies 

Assemblies shall be so designed that: 

— the components to be assembled together are suitable and reliable for their duty, 

— all the components are properly integrated and assembled in an appropriate manner. 

2.9. Provisions for filling and discharge 

Where appropriate, the pressure equipment shall be so designed and provided with accessories, or provision made for their 
fitting, as to ensure safe filling and discharge in particular with respect to risks such as: 

(a) on filling: 

— overfilling or overpressurisation having regard in particular to the filling ratio and to vapour pressure at the reference 
temperature, 

— instability of the pressure equipment; 

(b) on discharge: the uncontrolled release of the pressurised fluid; 

(c) on filling or discharge: unsafe connection and disconnection.
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LHC crab cavities (1)
EDMS 1698982, S. Baird, head of the HSE Unit: Conformity approach for Pressure 

Equipment for the High Luminosity LHC Project (June 10th, 2016)

 SR-M, GSI-M-2, GSI-M-4 -> PED (2014/68/EU) -> Category? -> CE marking -> 

general approach

 Approach by exception -> per equipment basis -> unique in-house technical 

competency -> no Notified Body (it would not add any risk mitigation) -> HSE-SEE 

will act as de facto Notified body

 Responsibility for design, manufacture, testing and quality insurance remains with 

HL-LHC Project team / technical justification shall be prepared by the equipment 

owner-work package leader

 Formal derogation not required if the HSE-SEE classes the equipment as being 

“liable to have major safety implications”

 Technical requirements

 Organizational and quality assurance requirements
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Example: see WP3 and 

EDMS 1753780 (07/02/2017)

Is the LHC crab 

cryomodule

concerned???
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EDMS 1698982, S. Baird, head of the HSE Unit: Conformity 

approach for Pressure Equipment for the High Luminosity LHC 

Project (June 10th, 2016)


