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Purpose & Rationale 
• Technical standards provide a reliable set of technical, quality 

and, in some cases, safety requirements for different phases of 
a system life-cycle (concept, development, production, 
utilization-support, retirement) 

• They contribute to an: 
• Increased confidence on the quality of systems, sub-systems, 

equipment, components,… 
• Increase of reliability and availability 

• Minimization of risks and costs 

 

 A quality guideline has been launched (EDMS: 1376475): 
• To guide the different project stakeholders on the choice of codes and 

standards applicable to HL-LHC systems, sub-systems, equipment 
and components, as one of the means to meet the HL-LHC system 
requirements with respect to technical, quality and safety 
requirements. Maps of standards for different technical fields have 
been established for this purpose 
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Background 
• LHC systems have been supported by the use of different technical standards 

comprising different technical fields 

(source: IT specifications, EDMS - LHC Hardware Baseline) 

• The present standardization scenario is very different from the one that existed 
for the LHC project 

• Most of the standards specified for the LHC have been replaced or withdrawn 
and should not be used for HL-LHC specifications 

http://www.bing.com/images/search?q=warning+sign&id=FCE642B2F0B316DE3E70DE3D384F2B368F684CEC&FORM=IQFRBA
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Selection process 

Maps of standards have been created based on LHC 
specified technical standards 
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Constraints 

• Codes and standards are only binding 

constraints, whenever required to: 

• Comply with CERN Safety Rules  Launch 

Safety Agreement (LSA) 

• Guarantee a consistency among all systems, 

and its interfaces, in critical aspects (risk 

mitigation) identified in the project 
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Structure of technical standards maps (1/2) 

• Based on the International 
Classification of Standards 
(ICS) which allows finding 
among different 
standardization 
organizations, standards 
with similar, or equivalent, 
scope 

• For each technical field, 
maps have been defined for 
different groups and sub-
groups of standards issued 
by ISO/IEC/CEN/CENELEC 
organizations 

• For very specific cases 
National standards (US) 
have also been included 
(e.g., non-ferrous materials, 
pressure vessels) 

Example: Fluid systems and components for general use 

Global overview 

EDMS: 1380880 

https://edms.cern.ch/document/1380880
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Structure of technical standards maps (2/2) 

Scope 

Links to 

CDS records, whenever 

existing 

(valid and superseeded) 

 

Identification of 

standards harmonized 

with EU Directives 

( Safety 

requirements) 

Identification of standards  

with “similar” scope 

Pressure vessels 

Cryogenic 

equipment 
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Manufacturing engineering 

Manufacturing 
engineering 

Welding , brazing 
and soldering 

Welded joints 

Welding processes 

Welding, brazing 
and soldering in 

general 

Brazing and 
soldering 

Welding 
consumables 

Surface treatment 
and coating 

Surface treatment 

Metallic coatings 

Industrial 
automation systems 

Industrial process 
measurement and 

control 

Global overview 

EDMS: 1376811 

https://edms.cern.ch/file/1360455
https://edms.cern.ch/file/1360455
https://edms.cern.ch/file/1360455
https://edms.cern.ch/file/1360457
https://edms.cern.ch/file/1360458
https://edms.cern.ch/file/1360458
https://edms.cern.ch/file/1360458
https://edms.cern.ch/file/1360456
https://edms.cern.ch/file/1360456
https://edms.cern.ch/file/1360459
https://edms.cern.ch/file/1360459
https://edms.cern.ch/file/1360460
https://edms.cern.ch/file/1360460
https://edms.cern.ch/file/1360461
https://edms.cern.ch/file/1360462
https://edms.cern.ch/file/1360462
https://edms.cern.ch/file/1360462
https://edms.cern.ch/document/1376811
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Electronics 

Electronics 

Electromechanical components for 
electronic and telecommunications 

equipment 

Plug-and-socket devices. 
Connectors 

Capacitors Fixed capacitors 

Mechanical structures for 
electronic equipment 

Semiconductor devices Global overview 

EDMS: 1376810 

https://edms.cern.ch/file/1360474
https://edms.cern.ch/file/1360474
https://edms.cern.ch/file/1360474
https://edms.cern.ch/file/1360474
https://edms.cern.ch/file/1360474
https://edms.cern.ch/file/1360474
https://edms.cern.ch/file/1360475
https://edms.cern.ch/file/1360475
https://edms.cern.ch/file/1360476
https://edms.cern.ch/file/1360476
https://edms.cern.ch/file/1360476
https://edms.cern.ch/file/1360476
https://edms.cern.ch/file/1360476
https://edms.cern.ch/file/1360476
https://edms.cern.ch/file/1360477
https://edms.cern.ch/file/1360477
https://edms.cern.ch/file/1360477
https://edms.cern.ch/document/1376810
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Metallurgy 

& Testing 

Testing 

Non-destructive 
testing 

Particle size 
analysis. Sieving 

Metallurgy 

Ferrous metals 
Ferrous metals in 

general 

Iron and steel products 

Iron and steel products 
in general 

Steel pipes and tubes 
for specific use 

Flat steel products and 
semi-products 

Iron and steel castings 

Iron and steel forgings 

Steels for pressure 
purposes 

Stainless steels 

Heat treatable steels 

Non-ferrous metals 

Copper and Copper 
alloys 

Aluminium and 
Aluminium alloys 

Titanium and Titanium 
alloys 

Products of non-ferrous 
metals 

Copper products 

Aluminium products 

Titanium products 

Other products of non-ferrous 
metals (Niobium) 

Testing of metals 

Mechanical testing of 
metals 

Non-destructive testing 
of metals 

Other methods of 
testing of metals 

Testing 

Non-destructive 
testing 

Particle size 
analysis. Sieving 

Global overview 

EDMS: 1376801 

https://edms.cern.ch/file/1360502
https://edms.cern.ch/file/1360502
https://edms.cern.ch/file/1360502
https://edms.cern.ch/file/1360502
https://edms.cern.ch/file/1360649
https://edms.cern.ch/file/1360649
https://edms.cern.ch/file/1360649
https://edms.cern.ch/file/1360649
https://edms.cern.ch/file/1360649
https://edms.cern.ch/file/1360649
https://edms.cern.ch/file/1360487
https://edms.cern.ch/file/1360487
https://edms.cern.ch/file/1360487
https://edms.cern.ch/file/1360487
https://edms.cern.ch/file/1360487
https://edms.cern.ch/file/1360487
https://edms.cern.ch/file/1360487
https://edms.cern.ch/file/1360490
https://edms.cern.ch/file/1360490
https://edms.cern.ch/file/1360490
https://edms.cern.ch/file/1360490
https://edms.cern.ch/file/1360490
https://edms.cern.ch/file/1360490
https://edms.cern.ch/file/1360490
https://edms.cern.ch/file/1360489
https://edms.cern.ch/file/1360489
https://edms.cern.ch/file/1360489
https://edms.cern.ch/file/1360489
https://edms.cern.ch/file/1360489
https://edms.cern.ch/file/1360489
https://edms.cern.ch/file/1360489
https://edms.cern.ch/file/1360491
https://edms.cern.ch/file/1360491
https://edms.cern.ch/file/1360491
https://edms.cern.ch/file/1360491
https://edms.cern.ch/file/1360491
https://edms.cern.ch/file/1360491
https://edms.cern.ch/file/1360492
https://edms.cern.ch/file/1360492
https://edms.cern.ch/file/1360492
https://edms.cern.ch/file/1360492
https://edms.cern.ch/file/1360492
https://edms.cern.ch/file/1360492
https://edms.cern.ch/file/1360493
https://edms.cern.ch/file/1360493
https://edms.cern.ch/file/1360488
https://edms.cern.ch/file/1360488
https://edms.cern.ch/file/1360488
https://edms.cern.ch/file/1360494
https://edms.cern.ch/file/1360494
https://edms.cern.ch/file/1360494
https://edms.cern.ch/file/1360494
https://edms.cern.ch/file/1360494
https://edms.cern.ch/file/1360495
https://edms.cern.ch/file/1360495
https://edms.cern.ch/file/1360496
https://edms.cern.ch/file/1360496
https://edms.cern.ch/file/1360496
https://edms.cern.ch/file/1360497
https://edms.cern.ch/file/1360497
https://edms.cern.ch/file/1360497
https://edms.cern.ch/file/1360497
https://edms.cern.ch/file/1360497
https://edms.cern.ch/file/1360497
https://edms.cern.ch/file/1360498
https://edms.cern.ch/file/1360499
https://edms.cern.ch/file/1360497
https://edms.cern.ch/file/1360497
https://edms.cern.ch/file/1360497
https://edms.cern.ch/file/1360500
https://edms.cern.ch/file/1360500
https://edms.cern.ch/file/1360500
https://edms.cern.ch/file/1360500
https://edms.cern.ch/file/1360501
https://edms.cern.ch/file/1360501
https://edms.cern.ch/file/1360501
https://edms.cern.ch/file/1360501
https://edms.cern.ch/file/1360502
https://edms.cern.ch/file/1360502
https://edms.cern.ch/file/1360502
https://edms.cern.ch/file/1360502
https://edms.cern.ch/file/1360502
https://edms.cern.ch/file/1360501
https://edms.cern.ch/file/1360501
https://edms.cern.ch/file/1360501
https://edms.cern.ch/file/1360501
https://edms.cern.ch/file/1360501
https://edms.cern.ch/file/1360501
https://edms.cern.ch/file/1360501
https://edms.cern.ch/file/1360502
https://edms.cern.ch/file/1360502
https://edms.cern.ch/file/1360502
https://edms.cern.ch/file/1360502
https://edms.cern.ch/document/1376801
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Electrical engineering 

Electrical engineering 
in general 

Superconductivity and 
conducting materials 

Insulating materials 

Insulating materials in 
general 

Plastic and rubber 
insulating materials 

Magnetic materials 

Electrical accessories 

Relays 

Fuses and other 
overcurrent protection 

devices Reectifiers. 
Converters. Stabilized 

power supply 

Rotating machinery Motors 

Semiconducting 
materials 

Switchgear and 
controlgear 

Low voltage 
switchgear and 

controlgear 

Transformers. 
Reactors 

Electrical wires and 
cables 

Wires 

Insulation 
Electrical insulation in 

general 

Electrical 

engineering 

Global overview 

EDMS: 1376809 

https://edms.cern.ch/file/1360463
https://edms.cern.ch/file/1360463
https://edms.cern.ch/file/1360463
https://edms.cern.ch/file/1360463
https://edms.cern.ch/file/1360464
https://edms.cern.ch/file/1360464
https://edms.cern.ch/file/1360464
https://edms.cern.ch/file/1360465
https://edms.cern.ch/file/1360465
https://edms.cern.ch/file/1360465
https://edms.cern.ch/file/1360466
https://edms.cern.ch/file/1360467
https://edms.cern.ch/file/1360467
https://edms.cern.ch/file/1360467
https://edms.cern.ch/file/1360467
https://edms.cern.ch/file/1360467
https://edms.cern.ch/file/1360467
https://edms.cern.ch/file/1360467
https://edms.cern.ch/file/1360468
https://edms.cern.ch/file/1360468
https://edms.cern.ch/file/1360468
https://edms.cern.ch/file/1360468
https://edms.cern.ch/file/1360468
https://edms.cern.ch/file/1360468
https://edms.cern.ch/file/1360468
https://edms.cern.ch/file/1360468
https://edms.cern.ch/file/1360469
https://edms.cern.ch/file/1360469
https://edms.cern.ch/file/1360469
https://edms.cern.ch/file/1360470
https://edms.cern.ch/file/1360470
https://edms.cern.ch/file/1360470
https://edms.cern.ch/file/1360471
https://edms.cern.ch/file/1360471
https://edms.cern.ch/file/1360471
https://edms.cern.ch/file/1360471
https://edms.cern.ch/file/1360471
https://edms.cern.ch/file/1360471
https://edms.cern.ch/file/1360471
https://edms.cern.ch/file/1360472
https://edms.cern.ch/file/1360472
https://edms.cern.ch/file/1360473
https://edms.cern.ch/document/1376809
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Fluid systems and components for 

general use 

Fluid systems and 
components for general 

use 

Fluid storage devices 

Gas pressure vessels, 
gas cylinders 

Cryogenic equipment 

Valves 

Pipeline components 
and pipelines 

Hose and hose 
assemblies 

Pipeline components 
and pipelines in general 

Iron and steel pipes 

Metal fittings 

Flanges, couplings and 
joints 

Vacuum technology 

Global overview 

EDMS: 1376815 

https://edms.cern.ch/file/1360482
https://edms.cern.ch/file/1360482
https://edms.cern.ch/file/1360482
https://edms.cern.ch/file/1360482
https://edms.cern.ch/file/1360482
https://edms.cern.ch/file/1360482
https://edms.cern.ch/file/1360482
https://edms.cern.ch/file/1360482
https://edms.cern.ch/file/1360483
https://edms.cern.ch/file/1360483
https://edms.cern.ch/file/1360483
https://edms.cern.ch/file/1360485
https://edms.cern.ch/file/1360478
https://edms.cern.ch/file/1360478
https://edms.cern.ch/file/1360478
https://edms.cern.ch/file/1360478
https://edms.cern.ch/file/1360478
https://edms.cern.ch/file/1360478
https://edms.cern.ch/document/1378546
https://edms.cern.ch/document/1378546
https://edms.cern.ch/document/1378546
https://edms.cern.ch/file/1360479
https://edms.cern.ch/file/1360479
https://edms.cern.ch/file/1360479
https://edms.cern.ch/file/1360479
https://edms.cern.ch/file/1360479
https://edms.cern.ch/file/1360479
https://edms.cern.ch/file/1360480
https://edms.cern.ch/file/1360481
https://edms.cern.ch/file/1360481
https://edms.cern.ch/file/1360484
https://edms.cern.ch/file/1360484
https://edms.cern.ch/document/1376815
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Into practice (WP4 example) 

• Requirement: correct geometric effects of 

wider crossing angles from reduced beam 

sizes 

• Solution: transverse deflecting cavities 

(crab cavities) 

• SPS cryomodule (prototype) 

• LHC cryomodule 

 

 

 

 

CRAB CAVITIES (WP4) 
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Identification of technical solutions 

WP4 

Crab cavities 

SPS 

Cryomodule 

Vacuum vessel 

External 
supports 

Jumper 
connection 

Internal 
assembly 

Cryogenic 
circuits 

Low-pressure helium 
pumping collector 

2 K helium 
supply 

LN2 auxiliary 
cooling lines 

Pressure relief 
circuits 

Supports 
Thermal 
shield 

Magnetic 
shield 

Dressed 
cavities 

Bare cavities with 
interfaces 

Bare cavities 

Interface 
components 

Tuning 
system 

Helium vessel 
HOM 

couplers 

Instrumentation Vacuum valves 

Identification of required equipment, assemblies, parts and components 
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Identification of technical processes 

To obtain the required “entities”, or products, previously identified 

Design 

Shaping & 

machining 

EB Welding 

Cleaning 
Vacuum 

Brazing 

Manufacturing 

(…) 

RF expected 

performance 

Leak tightness 

tests 
Packaging & 

shipping 

Finalization of manufacturing process 

Dimensional 

checks 

Delivery 

Simplified processes for bare cavities (with interfaces) 

Chemical 

polishing 

(…) 
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Identification of technical standards 

Non-exhaustive list 

Technical 

requirements 

Standards fields/groups Selected standards 

EB welding Manufacturing engineering 

 Welding processes 

ASME BPVC Section 

IX PART- QW  

Visual examination 

of EB welds 

Manufacturing engineering 

 Welded joints 

ISO 13919-2 

Pressure vessel Fluid systems and components for 

general use 

 Pressure vessels 

ASME BPVC 

Niobium – Titanium 

transition pieces 

Metallurgy 

 Other products of non-ferrous 

metals 

ASTM B884-11 

Global overview 

EDMS: 1380880 

Discussed and validated 

by project management 

https://edms.cern.ch/document/1380880
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Specification of technical processes (1/2) 

Quality assurance and quality controls needed to meet the 
requirements 

Materials EB welded joints

Equipment Supplier

Tools Supplier

Training/qualifications

EN ISO 9712 or SNT-TC-1A (ASNT) - 

minimum level 2

BC-11-QC

Procedure

ASME BPVC Section V

Acceptance criteria

ISO 13919-2 & Table 6 of Section 4.2.1

Report Yes

Record WIR

CERN control HP

Visual examination

Quality control step  

 supported by validated technical standards 
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Specification of technical processes (2/2) 

Materials SS flanges - Niobium tube

Equipment Supplier

Tools Supplier

Training/qualifications ASME BPVC Section IX, part QB

BC-4-QA

Procedure

Section 3.8.6 & BPS (ASME BPVC 

Section IX, part QB)

Acceptance criteria

N/A

Report N/A

Record MIP

CERN control N/A

Vacuum brazing

Materials Brazed assembly

Equipment Supplier

Tools Supplier

Training/qualifications N/A

BC-9-QA

Procedure

Section 3.8.5 (Annex 6.6) - to be 

defined by supplier

Acceptance criteria

N/A

Report No

Record MIP

CERN control N/A

Chemical polishing

Quality assurance steps  

 supported by validated technical standards and/or by CERN best practices 

Other CERN best practices used to support the specification (examples): 

• Niobium RRR 300 - Material Technical Specification N° 3300 

• Cleaning procedure for stainless steel components 
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Thank you for your attention ! 

 

Questions? 


