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Document overview

The description of activities (KE3299 Annex1) are further detailed
in a dedicated technical document (draft version)

Technical requirements based on HL-LHC cryostats requirements

Reference document for the DFX prototype requirements

= Requires to fulfil the performance specified in the functional specification
= Which refers to the interfaces specification
= Which refers to the WP15 Integration document

=  Defines applicable standards

=  Defines deliverables

= Defines manufacturing and qualification requirements

= Defines Items supplied by CERN

KE3299/TE/HL-LHC EDMS 2169136

s ANNex1: Activities

EDMS NO. REV. vauorry )
Hi I 2160136 0.0 DRAFT

| REFEREMCE : LHC-EQOD-ES-H000K

TECHNICAL SPECIFICATION

DFX CRYOSTAT PROTOTYPE

COLD POWERING WORK PACKAGE — WP6A

Abstract

This technical specification concerns the supply of one DFX device for the High Luminosity Large Hadron Collider
project 1o be tested 25 3 prototyp 2t the CERN magnet facility SMLE. It should be noted that the DFX prototype
is @ spare unit for the HL-LHC machine and shall therefore be designed according to the HLALHE machine
requirements.
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§2 Applicable Documents / General Requirements

= DFX prototype installed in LHC machine (spare unit)

= = Comply with CERN rules
= CERN Safety Rules
= GSI-M-4 - Cryogenic equipment :

GSI-M4: “The manufacture [...] by collaborating institutions, of all new
cryogenic equipment shall comply with the applicable CERN Safety Rules,
European directives and harmonised standards”.

= =» European directives
= Pressure Equipment Directive 2014-68-EU HL-LHC documentation requirements

Details in spare slide
= = HL-LHC QA requirements
= ALARA principle _
= Material requirements §
= Documentation & MTF :

= -w..:“___ S—— n” — -_..
iL | ’ -3 S ] . I e O M e i O
HL-LHC PROJECT T i ———————
—E= i £ S B A B SRR Y

Quality assurance : documentation

(TF database for each tem

n reports (incluting cartficatins)



http://cern.ch/safety-rules/
https://edms.cern.ch/ui/file/1327191/LAST_RELEASED/GSI-M-4_EN.pdf

Deliverables & Activities

= Deliverables:
= One qualified prototype

DFX compatible with 5L
Documentation

= Activities:

Design

Manufacturing
Cleaning

Tracing

Qualification testing
Reporting & Archiving

1.2

Deliverables and Activitites included in the Supply

One DFX cryostat compatible with installation in the point 5 left location in the HL-LHC tunnel shall be
provided in the scope of this supply to the requirements detailed in this Technical Specification. The
DFX cryostat design shall comply with the performance specified in the DFX Functional Specification,

see [3].

The supply to be delivered by SOTON shall include the following deliverables and activites:

Design of the Supply compatible with the Functional Specifications (see §3.3);
Design file (see §6.1);

Manufacturing of the Supply (see §3.4) ;

Cleaning (see §3.5);

Assembly (see §3.6);

Inspection and Tests (see §3.7);

Tracing and marking of all manufactured parts (see §4);

Documentation as specified in §6;

Packing and shipping (see §3.8 and §53).



§3 Technical Requirements

DIRECITVE 2014{68]']:U OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

Materials requirements:

on the harmonisation of the laws of the Member States relating to the making available on the
market of pressure equipment

Compatible with PED category in operation )
& HL_LHC Q A (Text with EEA relevance)

Traceability ensures from initial certificate to N SAFETY INSTRUCTION | 1541

_ Rev.1
U p I O ad tO M T F ‘ Mandatory as defined in SAPOCO/42 i e
S p ec I fl cre q u I remen tS (C 0 b alt CO nte nt ! The Use of Plastic* and other Non-Metallic Matel?ir;;al: o

CERN spec. N°510-Ed.5, Radiation and Fire at CERN with respect o Fire Safety and
reSIStance) adiation resistance

Afnior, Normes en ligne le 31/08/2015 & 16:47 NF EN 13445-3 V1:2014-12
Pour : CEl

ISSN 0335-3931

NF EN 13445-3 V1

DeSig N French standard 12 December 2014

lassification index: E 86-200-3

Compliant with Functional, Interface —
Specifications and European Standards

Verified by calculations (according to PED)

Unfired pressure vessels — Part 3: Design

_ _ European standard NFEN 14917271
Documented in a design report French standard
Specific requirements (bellows design, s zavsse
VaCUUITI Vessels aS PED_Cat-l) Metal bellows expansion joints

for pressure applications 5




§3 Technical Requirements

= Manufacturing

= Compatible with PED category in operation
= Materials, Welding procedures, Welders qualifications and inspections

= Traceability ensures from start to upload to MTF

= Specific requirements (bellows welding, 3D forged flanges, vacuum vessels as
PED-CAT 1)

= Cleaning to EN12300
= Assembly : Instrumentation supplied (assembled) by CERN

Non exhaustive list of QA requirements for illustration
Design Procurement facturing, A bly and qualification QA
Design report Safety file Welding Weld inspection Leak test Cleaning Procedures
Thermo-mec h.| Risk |Pressure re lief Manufa(':turlng ) Calculations | Pressure test Material i i Visual X-ray X-ray MTF . .
N . N B drawings |certif.| reports procedure Welder | Procedure Procedure | Operator | Procedure . . |Installation maintenance
Fluid mech. |analysis  device design

certificate repo inspection|  proc. result archiving
EN13445-3 1S021013-3 EN13445 EN10028 1SO 9606-1 IS0 9712 1SO 5817 |[EN1779A1 1SO 9712
EN13458-2 NA EN4126-6 SO-GPS EN14917+A1 EN13458-2 HL-LHC_QA 1S014732 150 15614-1 NDT level2 15017637150 17636 Quality B| EN13185 | Level2 EN12300 NA NA NA

(X) X X X

Bellows vacuum

Helium vessels

Bellows helium
hermal shield




§3 Production and Acceptance tests

= See dedicated talk
= Acceptance based on calculations

= Acceptance based on testing
= Production test to PED
= Performance qualification

= Documentation acceptance (see dedicated slide)

‘HI uMmi ’
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8§84 Traceability & shipping

Traceability & Marking

= [ndividual labelling and identification of each part
= “All manufactured parts [...] shall be individually [...]

marked. [...] It shall be possible to identify each material
batch used in the manufacturing.[...] The identification

system shall ensure that all the material have been

CERN database MTF for

subjected to the required level of inspection” manufatured products

= QA system to ensure materials, NC, tests follow-up

Folder:

HCQEP_

Other Identifier:
Description: Half Shuffling Module

HOGEP_5035- dmensional_report pal (573 )
Laak-Test-Repeet-HCQEP_S035-AG000002 paf (¢ 12)

= HL-LHC QA : upload all information to EDMS/MTF

database

EC/EU Certification (TBD)

Shipping

iL | ’
HL-LHC PROJECT

4.4 Quality Control and Quality Assurance

The presence of a documented quality assurance program that fulfils all the requirements described
in this technical specification is mandatory. In this case the manufacturer shall submit all documents

produced in electronic format (PDF format whenever possible).




§6 Documentation

Documentation compliant with PED Category Il (for component
part of the helium volume)

= Design calculation reports

= Material certificate to standard acc. to application

= Welds:

= Welding procedures
= Welders qualifications

Welds inspections reports
= Weld inspectors qualification

=  Pressure test, procedure and report

Documentation for performance qualification and QA aspects
= Design documentation
= Manufacturing preparation
= Manufacturing
= Assembly & qualification

iL | ’
HL-LHC PROJECT
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DOCUMENTATION
The supply shall include the documentation specified in 6.1 and §6.2.
Design documentation

The documentation relatad to the design of the Supply shall include:
» Detailed design file:
#» Description of operating modes;
®  List of design parameters and operating procedures considersd for the design;
#  Design calculation reperts, validated by notified body when required by PED:
o Vacuum vessels desizn calculztion report;
o Helium vessel design calculation report according to standards [stress distributio
o Bellows design calculation repert according to EN 14317+A1;
o All others calculstions required by standards;
»  aszembly procedurs;
» Specification drawings of all manufactured part according to 150-GPS standards;
# Tachnical specifications for procurement.

cturing p ion doc 1tation

The documentation related to the preparation of the manufacturing of the supply shall include:
mtanufacturing and inspection Plan (MIF) mentioning schedule and milestones;
mtanufacturing drawings of all manufactured parts according to 150-GPS standards;

‘welding procedures;

Pluductiah test procedures;

Cleaning procedurs;

Acceptance test procedure.

cturing doc

The documentation related to the manufacturing of the Supply shall include:
» Material certificates;

Pressure test reports;

qualification test certificates of welders and/or welding operators;
Wwelding qualification records;

mon-conformity reports, if applicable.

Assembly and Qualification documentation

The documentation related to the assembly and qualification of the Supply shall include:
Dimensional controls report;

Elzctric test repart of zll installed instrumentation;

Qualification certificates of leak testing personnal;

Leak test reports using the template provided in Annex L;

Leak test operator certification;

Leak detector calibration certificate;

Acceptance test report;

Detailed tunnel aszembly sequence including welding, inspection and testing oparations;
Detailed maintenance operation sequence;

EC/EU declaration of conformity;

Quality Plan and Progress reports

The supplier shall submit a Quality Plan in accordance with the scheduls defined in & 5. The @alit!
Progress reports shall include 2l the necessary infarmation, in particular, the actual progress in co



8§87 Items supplied by CERN

Insulation vacuum:
= O-rings for vacuum flanges;

= Pumps, valves and pressure transducers (for the machine installation,
installed at CERN directly);

= Pressure relief plate;
Cryogenics:
= |nstrumentation & hardware:
= Temperature sensors mounted on supports and equipped with wires
Level gauges equipped with wires
= Pressure transducers if required

Electrical heaters
Electrical feedthroughs

= Safety relief pressure devices (installed at CERN)
Survey:.

= External survey targets if needed.
Cold Instrumentation routing & feedthroughs:

= |FS tubes equipped with instrumentation wires
= |FS feedthrough




§9 Performance of the collaboration agreement
Design Phase

= (design calculations, operating modes, assembly sequence, specification drawings)
= = CERN’s approval via DDR

Manufacturing preparation
= (Manufacturing drawings, MIP, manufacturing & testing procedures)
= =» CERN’s approval via PRR

Manufacturing phase

= (Manufacturing, cleaning)

Assembly and gualification phase
= (qualification campaign, reporting)
= =» CERN’s approval of documentation

Delivery to CERN

9.2 Acceptance

by the supplier on its premises and the submission to CERN, for written approval, of all compliant tests

/‘j Acceptance of the Supply shall be subject to the successful completion of the tests specified in § 3.7
iLumi
HL-LHC PROJECT results or other certificates requested by CERN in § 6. 11




Summary

The Technical specification is being finalised
Qualification according to PED where applicable

Quality requirements in line with HL-LHC cryostats
requirements

Milestones and Acceptance criteria defined in the
document
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