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HL-LHC Quality Plan

The LHC Quality Assurance Plan

H Foreword - LHC Project Leader (pdf file) ‘

o > > > m m > o]
Policy Definitions Procedures Standards Templates Instructions Links

CD-ROM

[LHC Quality Assurance Plan presentation (pdf file)|

Chapter 100 - Quality Assurance Policy

Definition of the quality assurance requirements for the LHC Project activities
Click the link in "Number" to load the pdf file

LHC-PM-QA-100.00 1.4 Released 2003-04-02 Quality Assurance Policy and Project Organisation

‘LHC*PM*QA*IOI.OO 1.4 Released 2003-04-28 Quality Assurance Plan Contents and Status

Top of Page

Chapter 200 - Definitions

Definition of various common conventions in use throughout the Project
Click the link in "Number" to load the pdf file

LHC-PM-QA-201.00 1.0 Released 1998-06-25 Quality Assurance Categories

LHC-PM-QA-202.00 1.2 Released 2003-04-03 Document Types and Naming Conventions
LHC-PM-QA-203.00 1.0 Released 1999-06-16 Glossary, Acronyms, Abbreviations

LHC-PM-QA-204.00 11 Released 2003-04-03 Equipment Naming Conventions

LHC-PM-QA-205.00 - In-work - LHC Engineering Vocabulary

LHC-PM-QA-206.00 1.1 Released 1999-11-09 LHC Part Identification

LHC-PM-QA-207.00 1.0 Released 1999-11-16 Naming Conventions for Buildings and Civil Engineering Works
Top of Page

Chapter 300 - Procedures

Description of the required course of actions to implement the Project QA policies
Click the link in "Number" to load the pdf file) ..

e e L s e | e _______
LHC-PM- QA 300.00 Planned Product Breakdown Structure Process and Control

HL-LHC is an
upgrade of an
existing machine

There are some
rules and guidelines
that we need to
comply with (LHC
requirements)




HL-LHC Quality Plan
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HL-LHC Quality Plan

External contributors are governed by the guality
management plans of their home institute, however all
HL-LHC deliverables shall be compatible with the
HL-LHC Quality plan

= Hardware baseline documentation stored in EDMS
= Fabrication records in MTF

= Project information accessible to all “Hilumiers”

= Corporate image when representing the project

HiLumi T
HL-LHC PROJECT < . .
= HL-LHC Collaboration Meeting Uppsalla — 21st September 2022


https://edms.cern.ch/document/1513591/2.0

HL-LHC Quality Plan

EDMS NO. REV. VALIDITY
1513501 0 VALID
( REFERENCE - LHC-_-0A-0001 ) 2 SCOPE
( PLAN The quality policies, procedures, guidelines, plans and templates (also referred to as quality
documentation hereafter) outlined in this document apply to all phases of the HL-LHC project and its
systems, from R&D to preparation for dismantling of the future facility —in this context, as future facility
HL-LHC QUALITY PLAN it is understood the LHC equipment under the scope of the HL-LHC project-. This applies as well to
prv— documentation produced by third parties under the scope of the project.
The HL-LHC project it tted to b ject of 1l pecting the best practis: ject and lity . " . . . .
mfnaggmenﬂ_ru-:,,e;;os‘m;h;,a,f,::‘r:,',age;:,r :v:r':;'::m:fgm:eci:nf‘r;ar:?,‘nlﬁj,:::;ex,‘a,, External contributors are governed by the quality management systems of their home institution.

performance and pravide a sound basis for sustainable development initiatives However all HL-LHC project deliverables shall be compatible with what is stated in this Quality Manual.

L“ii dﬂ("m"; P'mi::h:; mmrdew of the processes and procedures: inplemented on the HLAHC Quallty The quality documentation presented in this Quality Manual complements/replaces the LHC Project
anagement System

Quality Assurance Plan [2].

4.3.2 Control of Documents

The procedures [11] and [12] describe how to handle HL-LHC documentation within the HL-LHC
project.

EDMS is the tool used for the control of engineering documents and presentations. CDS is the tool
used for the control of scientific documents and graphic records.

4.3.3 Control of Records

TRACEABILITY
Prepared by: |. Bejar Alnso Date: 20180228 The HL-LHC Records Management [13] procedure describes how to handle the records established to
Verified by: H. Gaia Gavels, Project Office Date: 2018-03-14 provide evidence of compliance with the requirements and the effective operation of the quality
Approved by: |. Bejar Alonsa, L Rossi, Department Heads, F. Bardry Date: 2018-04-20 management system.
Distribution: Public All records related to Fabrication, Assembly and Verification of equipment belonging to HL-LHC, as well
Rew. No- Dete Description of Changes {mafor changes only, minor changes in EDAS) as those related to Installation and Commissioning, shall be stored by default until the dismantling
20 2018-04-20 \ersion post FP7 replacing version 1 and the EU deliverable [1] phase. MTF is the tool used for the control of records.

L HL-LHC Quality Plan:
https://edms.cern.ch/document/1513591
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https://edms.cern.ch/document/1513591

HL Quality Plan

HL-LHC Quality — Some pillars

It provides the
procedures to be
used and it
explains how
quality is mana Yo
\a“’ g“

need to be issued
and stored up to
the dismantling of
the machine

Doc. Management & Control

documentation

Tools at CERN to
manage the
documentation

8d In0ID)
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https://edms.cern.ch/document/1513591
https://edms.cern.ch/document/1361462
https://edms.cern.ch/document/1342285

When — The full HL-LHC life-cycle

Support Stage
Concept Stage Development Stage Production Stage
Utilization stage
Requirements definition Functional specification Engineering specification Fabrlcat\;z:i,f;:::;mnbly e Installation - Comissioning Operation & Maintenance
'] N e

HL-LHC Collaboration Meeting Uppsalla — 21st September 2022



Outline

. WP4 Approach and Requirements

HL-LHC Collaboration Meeting Uppsalla — 21st September 2022



Requirements

How the customer explained How the project leader How the analyst designed it How the programmer wrote What the beta testers How the business consultant
it understood it it received described it

www projectcartoon. com www prolectzartoon com

How the project was What operations installed How the customer was billed How it was supported What marketing advertised What the customer really
documented needed

‘ iLurmi 7
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Requirements

See Marco’s presentation about the status of each engineering specification

— § € Wy =
—— P s < e
€DMSNO. | REV. VALDITY p (
- \-, , ENGINEERING SPECIFICATION
HiLumi 3014 ‘ 10 ‘ vaLD ueni ENGINEERING SPECIFICATION
g; - HL-LHC LHC CRAB CAVITIES
[ mepemence - ic-acs_aces-o001 ) HLLHC LHC CRAB CAVITIES TS e T
— THERMAL SHIELD FOR CRAB CRYOMODULE R
CRYOMODULE CRYOGENIC UINES T
ENGINEERING SPECIFICATION ENGINEERING SPECIFICATION Fraen . e s o
HL-LHC LHC CRAB CAVITIES: DRESSED BULK NIOBIUM RADIO-FREQUENCY CRAB CAVITIES
CRYOMODULES FOR CRAB CAVITIES Abstract [oe
The present document concerns 3 general descrigtion of the engineering specifications of superconducting P
Abstract niobium radio-frequancy crab cavities of two types (DQW and RFD) to be installed in HL-LHC. Y S
This engineeri for dressed bulk niobium RF cavities of two. raceAsury Eryeey Taaceasaire
types (DOW and RFD) for the High Luminasity Large Hadron Collider project TRACEABILITY I e s A B S e P )
[—— e Jomr St ¥ G g o e ) I ey o 3
d by: L Alberty, 5. Atien, L Dassa, G. Fawe, P. Freijeco Menendez, ) T = — == (O T o s
M. Garlasche, €. Parente, N. Valverde, C. Zanoni Date: 20214119 panid A e _.:‘j“‘:"::__w‘; CT o Ty [smmen
Verified by: G. Arduin, 1. Bejar Alonso, K. Brodzinski, G. Burt, O Capating, 5. Claude, e e ——p—— TR — ey = - —
P Fessia, H Garcia Gavela, | Gascon, F. Gerigk T. Jones, R Ladal, | Dater20211130 = s doi e | e e
H. E. Montesines, T. Otto, 0. Perini, L. Ristor, L Tavian, 0. Wallmann o [ bt o | o e e o e e a e
Approved by: Said Atieh, O_Bruning, R. Calaga, K. Foraz, F. Gerigk, B. Goddard Date: 20211208 O N s o ot e e———| s S L e ——
[N [T [ ey [ bl
ion: Hi-LUMI-LHC-WPA-MEMBERS P T Ty | Im [
TRACEABILITY Rev.No. | Date Deseription of Changes (major changes only, minar changes in EDMS) - = e \
prepared by: L Dass Date: 2021.0426 0 05/06/2014 First version S— ) ien i — ——
ed by: uini, |. Bejar Alonso, K. Artaas, V. Bagiin, K. Brodzinski, 6. Burt, o Fo— Updated version to include requirements for helium vessels and other ftems
T Conal 5 Cader, 7. Fess. ¢ Gagrant M. G’ H. Gari G, RT. Garcia, i {these last, only for informtion)
1. Gascon, F. Gerigk, T. lones, 5. Marsh, £. Montesings, R. Laxdal, H. Mainaud Durand, | Date: 2021-04-27 -
21 19/06/2016 Updated th the latest infor forall == | 0
E. Mantesinos, T. Otto, C. Pasquing, D.pm G Bregliozzi, V. Rude, M. Sos /061" pdrted version with the ltest information for ol kems e o | m: | ) FaRaE
1. Therasse, K. Turaj, G. Vandoni, N. Valverde Alanso, 0. Williams, M. Zerlauth Luca Dassa - Major rearganization of the content ta make it better readable. ——— o
22 31/10/2018 . y - e T e
Approved by: F. Bertineli, R. Calaga, O. Capatina, F. Gerigk, O. Bruni Dote: 2021-05-19 i p— Rama Gilags, Luca Dassa — Functional Specication for cavities indluded ENGINGEMING SPECRICATION ENGINEERING SPECIFICATION ENGINEERING SPECIFICATION
Distribution: NA Acceptance criteris for
e oevpton o chamaen T o : " o 240 11/02/2019 Luca Dassa: integration of comments to the 2.4 version, after US-AUP revi HILLHC LHC CRAB CAVITIES HL-LHE LHC CRAB CAVITIES HLLHC LHC CRAB CAVITICS
. No. Date scription of Changes (major changes only, minor changes in 1P LINES FOR CRAB CRYOMODULE
e fePep— — WARM MAGNETIC SHIELD FOR CRAB CRYOMODULES
01 2020-06-22 1" versian ot ——
251 23/03/2020 New version with modifications (ssued by the experience with DAW proto y o
02 20200701 2 version: cryogenic / alignment / survey / metrology sections updated e
= 7 o5 FRp— Comments3fter ccuation o .51 negrated . Garaschi, L A Sanilans A
. Sor020r 37 version: vacuum sections updated / general review / T. Jomes comments a . Terricabras, 5. . Andires, £. Montesinos, M. Therasse, N.V- Alonsa, K. Artoos)
ntegrated _ _ __ Comments after circulation of 2.55 integrated (¥. Papaphilippou, R. Garcia
04 20210219 B Tomas, G. Arduini, B Saivant, R. De Maria]
s pag tored) 256 /112080 CMS specification rewritten + minar changes
. ooz 5% version: integration of comments received by V. Bagln, C. Pasquing, N. Ltof a1 the same EDMS node
Valverde Alonso . ey Comments afber Circulation of 2.56 integrated (M. Gariaschg) / Lst of
10 20210519 1 Release Version of the document - a separate file at the same EDMS node/ Tmacasury
258 19/11/201 ‘Comments after circulation of 257 integrated e — |““““ —
259 20/12/2021 Modifications required by 1. A. Mitchell e T
26 22/03/2022 Rev. 2.6 set to Valid prmmmrle I:""-”“
— [ [ —pr—— e g e o e o m e
Page 10f88 [ This document s unconirolled when printed. Check the EDMS o v he correct version before use - &l = —

HL-LHC Collaboration Meeting Uppsalla — 21st September 2022




WP4 Requirements

EDMSNO. | REV. VAUDITY
204 10 VALID

ERENCE : LHC ACF_A-ES-0001

ENGINEERING SPECIFICATION

EDMS NO. VALDITY
1389669

ENGINEERING SPECIFICATION

HL-LHC LHC CRAB CAVITIES:
CRYOMODULES FOR CRAB CAVITIES

DRESSED BULK NIOBIUM RADIO-FREQUENCY CRAB CAVITIES

Abstract

for dressed bulk niobium RF cavities of two

This engineer
types (DOW and RFD) for the High Luminasity Large Hadron Collider project

Abstract.

The present document concerns & general description of the engineering specifications of superconducting
niobium radio-frequency i ypes (DAW and RFD) to in HL-LHC.

TRACEABILITY

Prepared by: L. Alberty, 5. Atieh, L. Dassa, G. Fawre, P. Freijedo Menendez,

M. Garlasche, C. Parente, N. Valverde, C. Zznoni Date: 20211119

Verified by: G. Arduini, | Bejar Alonso, K. Brodzinski, G. Burt, 0. Capatina, 5. Claudet,
P. Fessia, H. Garcia Gavels, J. Gascon, F. Gerigk, T. Jones, R. Laxdal, | Date: 20211130
H. Mainaud Durand, E. Montesinas, T. 0tto, D. Perini, L Ristori, L Tavian, D. Wolmann

Approved by: Said Atieh, 0. Bruning, R. Calaga, K. Foraz, F. Gerigk, B. Goddard Date: 2021-12-08

HI-LUMILHE-WP4-MEMBERS

TRACEABILITY

Prepared by: L Dassa

Date: 2021-04.26

Verified by: G. Ardui
T. Capelli, S. Claudet, P.

1. Gascon, F. Gerigk, T. Jones, S. Marsh, E. M
E. Montesinos, T. Otto, C.

M. Therasse, K.

iraj, 6. Vandoni, N. Valverde Alonso, 0. Williams, M. Zerlauth

Bejar Alonso, K. Artoos, V. Baglin, K. Brodzinski, G. Burt,
ssia, C Gaignant, M. Garlasche’, H. Garcia Gavels, RT. Garcia,
ntesings, R. Laxdal, H. Mainaud Durand, | Date: 2021-04-27
i, G. Bregliozzi, V. Rude, M. Sosin, L. Tavian,

Pasquine, D. Perini

Appraved by: . Bertinelli, R. Calaga, O. Capatina, F. Gerigk, 0. Bruning

Date: 20210519

QIt

It contains the documentation

Rev.No. | Date Description of Changes {major changes only, minor changes in EMS)
10 05/06/2014 First version
Updated version o include requirements for helium vessels and other items
20 220672015 Ithese Iast, anly forinformation)
21 19/08/2015 Updated version with the latest information for allitems
Luca Dassa - Major reorganization of the content ta make it better readable.
22 30/z018 Integratian of the Technical Specification for Titanium bellows.
Rama Calaga, Luca Dassa - Funchional Specication for cavities ndludsd.
23 2P0 | pcceptance criteria for cavi
249 11/02/2019 Luca Dassa: integration af comments to the 2.4 version, after US-AUP revision
25 15/07/2019 Released
251 23/03/2020 New versicn with madifications issued by the experience with DAW proto
Comments 251 integrated (M. Garlasch, L A. Santilana, A,
255 A0M08/2020 | § Terricabras, 5 V. Andres, E Montesinos, M. Therssse, K. Alonsa, K. Artoas)
Comments_after circulation of 2.55 integrated [v. Papaphilippou, R Garcla
Tomas, 6. Arduini, B. Sahant, R. De Maria)
256 4112020 | epgg specification rewritten + minor changes
List of 2 separate il at the same EDMS node
Comments sfter circulation of 256 integrated (M. Garlaschd) / Lt of
257 2209201 in 3 separate fle at the same EDMS node/
258 19/11/2021 | Comments after circulation of 257 integrated
259 20/12/2021 Modifications required by 1. A. Mitchell
26 22/03/2022 Rev. 2.6 set to Valid

Distribution: NA
Rev. Na. Date Description of Changes (major changes anly, minor ehanges in EDMS)
01 2020-06-22 T version
0z 202007-01 2 versian: cryogenic / alignment / survey / metrology sections updated
03 20201207 37 version: vacuum sections updated | general review / T. Jones comments
integrated
04 20210219 B ! o e
s R 7 s ittt of comments received by V. Bagin, C. Pasquino, N.
10 20210519 17 Release Version of the document
Page 10f85 Tempiate £DMS No.: 1372963

This doeument s uncontrolled when printed. Check the EDMS o verify thet this is the correct version before use

4 Feedback and

O The Engineering specifications are
the result of many years of intense
work (Major effort driven by Luca
Dassa)

4 It provides the requirements for
the design, procurement,
construction, testing and
acceptance of each equipment

contains  technical and

functional requirements as well
as acceptance criteria

that is expected to be delivered
lessons learned
are also implemented

HL-LHC Collaboration Meeting Uppsalla — 21st September 2022



HL-LHC Quality Plan — Traceability of Changes

Engineering Modification of the current Project Baseline: TDR — Scope Baseline Process
Change Request «  There is a modification on the scope defined in the technical baseline (TDR) PBS — Project Breakdown 2429904
+  There is a need of extra funds to pay for an object that was in the baseline and  Structure Template
can not be funded by internal reorganization of the budget for the same MTP — Cost Baseline Té_(;lérzcg) Bl
equipment (Budget ECR) LHC ECRs
If the modification affects the present LHC machine an ECR is submitted using the Ll
normal LHC ECR circuit T
Schedule Change  Trace and record relevant variances in the Master Schedule wrt. the one endorsed MS — Master Schedule Process
Request and approved in the last Cost & Schedule Review (CSR). 2735444
For deliverables related to LHC installation or IT String installation: Template
- If the shift is > 6 months (LHC installation) : An SCR shall be issued. AUESD
- If the shift is > 2 months (IT String): An SCR shall be issued.
Decision Trace managerial decisions without modifying the Project Baseline. Template
Management +  Formalize a technical decision between several options or sharing of 1501719
Reports managerial decisions
. Internal re-scheduling w/o affecting the baseline
. Revaluation of the cost
Deviation Request to do something different from an established requirement for a limited Engineering Specifications Process
Requests number of components, for a brief period, or for a specific use Design/Manufacturing files 1506723
Technical Specifications Template
1506726
Safety Request In case the deviation concerns exclusively a safety requirement. If so, it is not Safety Requirements Template
necessary to create a deviation request on the top of the Safety request. Technical Specifications 1770077
Engineering Specifications
Nonconformity Non fulfilment of an established requirement (they are more production oriented) Engineering Specifications Process
Design/Manufacturing files 1499015
Feohrigal Specifiestions femplate

1501109



https://edms.cern.ch/document/2423503/
https://edms.cern.ch/document/1490004
https://edms.cern.ch/document/2429904
https://edms.cern.ch/document/1508429
https://dfsweb.web.cern.ch/dfsweb/Services/DFS/DFSBrowser.aspx/Applications/CERN/Workgroup%20Templates/ACC/ECR_Template.dotx
https://edms.cern.ch/document/2735444
https://edms.cern.ch/document/2725175
https://edms.cern.ch/document/1501719
https://edms.cern.ch/document/1506723
https://edms.cern.ch/document/1506726
https://edms.cern.ch/document/1770077
https://edms.cern.ch/document/1499015
https://edms.cern.ch/document/1501109

Deviation Requests vs Nonconformities

= Nonconformities # Deviation Requests

= Nonconformity — A deviation from an established
requirement is detected. During the verification of the
equipment, it is found something that is not complying the
specifications

= Deviation Request — Request to do something different
from an established requirement — The requirements are
not changing but a derogation is granted in case that is
accepted — If you already know that there ar
_requirdements that cannot be met, a deviation request Is t
Issue

i HL-LHC Collaboration Meeting Uppsalla — 21st September 2022



Outline

EDMS and MTF
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EDMS — Requirements to access

= CERN Lightweight account is required (Link to create one) to access to
EDMS (Engineering & Equipment Data Management Service)

1. Follow the link to register your account
Rt B

2. Go to EDMS and Log in with this account

minder: you have agreed to comply with the CERN computing rules

Sign in Directory
= < Use credentials

sername or address Password
Signin
- | I I
Search o ? HEIP M Rreme sername or Email Address Need password help

ername or Emai e
Login is required Password is required

3. You will then have access to the Documentation of the Project (after adding you to t
corresponding E-Group

Hil UM ’ : .
HL-LHC PROJECT HL-LHC Collaboration Meeting Uppsalla — 21st September 2022



https://account.cern.ch/account/Externals/RegisterAccount.aspx
https://edms.cern.ch/ui/#!master/portal/tab?home

EDMS — Requirements to access

= If you are going to use MTF (Equipment Management Folder), then a
CERN Nice Account is required

Registration under the heading "EXTERNAL"

= Please contact HL-LHC.Secretariat@cern.ch = ——
(Michela Lancellotti) in order to proceed -
She will send you the detalls, the application form | EEESm

to be filled in and the documentation to be provided

iLumi ’
HL-LHC PROJECT HL-LHC Collaboration Meeting Uppsalla — 21st September 2022
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RF systems and
crab cavities (WP4)

RF superconducting crab

cavities

LHC Cavities
(ACF)

Ty ol

(ACEGA)

Harmonic Wide-band
system feedback system

External supports
(HACF)

ryomodule Assembly|
(ACF_A)

eneral Tooling
[~ | (ACF_T)

Forming Tooling
(ACFFT)

Cryomoduleloomponenta
(ACFCC)

I I
ressed cavitie: Instrumentation
{ACFDC) (ACFIS)

Warm Magnetic shield
(ACFWM)

Bare cavities
(ACFCA)

ignment Monitoring System)|
(ACFAM)

Cold magnetic shield
(ACFCM)

Support and Alignment System
(ACFAH)

Pick-up Field antenna
(ACFPU)

Machining Tooling
(ACFMT)

I 1
Main Coupler- FPC Beam Axis
(ACFMC)
[acuum valve:
(VVG)

|_| Welding Tooling
(ACFWT)

old —Warm
Transitions
AC|

200 MHz
800 MHz
RF services
(ACFSV

Transmission lines|
1 (AcFwG)

Inter Cavity Chamber
(ACFVC)

DQW Beam Screen
TBC

RFD Beam Screen
SSCA

Clean Room Tooling |_IRF Pick-ups|
(ACFCT) (APW)
Amplifiers
(ACFA)

Amplifier Tetrode
(ACFAA
Amplifier IOT
ACFAB
Amplifier Solid State
ACFAC
Amplifier 2" Generation 10T
ACFAD

Amplifier 20¢ Generation SSPA
(ACFAE)
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> u_j Presentations
+ ] RF Parameters
* (] LHC Crab Cavities ( 4

> u_:l SPS Test Crab Cavi

» (]smie

From system architecture to EDMS Structure

4 ] Grab Cavities & RF (WP4)
> u_j Deliverables

(] Milestones

+ ] Activity Reports

(] Other

» (] Internal doc (temp)

] Minutes
L 4 | Engineering drafts & notes

E [j DQW Crab Cavities Cryomodule (SPS Test)
4 (| RFD Crab Gavities Gryomodule (SPS Test)
] RFD Cryomodule Assembly

() Administration

() Links for the collabo 4 (] RFD Cryomodule Components
(| RFD Cryogenic circuits

[:l RFD Thermal Shield & MLI
() RFD Vacuum Vessel

(] RFD Warm Magnetic Shield

[j Hardware Baseline |

() SPS Test Stand

> ﬂ_j RFD Alignment Monitoring System

[:l RFD Support and Alignment System
(] RFD RF Internal Lines
- U RFD Dressed Cavities
[j RFD Dressed Cavities Assembly
» | RFD Bare cavities
() RFD Helium tank
4 ﬂ_j RFD H-HOM Suppressors (Variant #3)
(] RFD V-HOM Suppressors (Variant £4)
» (] RFD Cold Magnetic Shield
[:l RFD Tuning System
» ] RFD Pickup Field Antenna
] RFD FPC Main Coupler

() safety wP4

& ) RFD Instrumentation

4 ] RFD Beam Axis

& () RFD Vacuum valves

b [j RFD Beam Screen

(] RFD Plug In Modules

i (] RFD Extremity Vacuum Chamber
b [j RFD Vacuum Ancillaries




4 qj Engineering drafts & notes
4 U DQW Crab Cavities Cryomodule (SPS Test)
4 qj RFD Crab Cavities Cryomodule (SPS Test)
4 U RFD Cryomodule Assembly
4 U RFD Cryomodule Components
P [J RFD Cryogenic circuits
I (] RFD Thermal Shield & MLI
3 lJ RFD Vacuum Vessel
& (] RFD Warm Magnetic Shield
P [J RFD Alignment Monitoring System
4 [J RFD Support and Alignment System
4 IJ RFD RF Internal Lines
4 ({J RFD Dressed Cavities
4 L:I RFD Dressed Cavities Assembly
4 Lj RFD Bare cavities
© (] RFD Helium tank
b [J RFD H-HOM Suppressors (Variant #3)
4 Lj RFD V-HCM Suppressors (Variant #4)
4 [J RFD Cold Magnetic Shield
P [J RFD Tuning System
I ] RFD Pickup Field Antenna
» (] RFD FPC WMain Coupler
4 U RFD Instrumentation
4 ] RFD Beam Axis
4 Lj RFD Vacuum valves
s lj RFD Beam Screen
I (] RFD Plug In Modules
s lj RFD Extremity Vacuum Chamber
4 lj RFD Vacuum Ancillaries

EDMS Engineering node

4 qj Engineering drafts & notes
(] tj DQW Crab Cavities Cryomodule {LHC)
4 qj RFD Crab Cavities Cryomodule (LHC)
© (] RFD Cryomodule Assembly
4 qj RFD Cryomodule Components
i (] RFD Cryogenic circuits
4 \Lj RFD Thermal Shield & MLI
] Specifications
lj Engineering calculations & Tests
(_j Functional Drawings & models
4 { | RFD Vacuum Vessel
» (] Specifications
lj Engineering calculations & Tests
(] Functional Drawings & models
i (] RFD warm Magnetic Shield
i (] RFD Alignment Monitoring System
» (] RFD Support and Alignment System
¢ (J RFD RF Intemal Lines
¢ (] RFD Tuning System
I (] RFD Dressed Cavities
b (] RFD FPC Main Coupler
& (] RFD Instrumentation
4 | RFD Beam Axis
i (] RFD vacuum valves
i (] RFD Inter Cavity Chamber
(] RFD Beam Screen
& (] RFD Cold-Warm Transitions

al specification Engineering specification

Documentation during this phase

- Specifications

- Drawings

- Calculations

- Simulations

- Engineering notes

- Bill of Materials, List of Materials
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EDMS Fabrication, Assembly, Verification node

4 ] Fabrication, Assembly and Verification drafts & notes
b tj DOW Crab Cavities Cryomodule (LHC)
4 ] RFD Crab Cavities Cryomodule (LHC"

(] RFD Cryomodule Assembly

4 ] RFD Cryomodule Components
I (] RFD Cryogenic circuits
4 U RFD Thermal Shield & MLI
I (] RFD Vacuum Vessel
I (] RFD Warm Magnefic Shield
(g U RFD Alignment Monitoring Sy
I U RFD Support and Alignment £

RFD RF Internal Lines
d () Inspection & test procedures
(] RFD Tuning System ¢J Quaiiications

RFD Vacuum valves -
U (] Manufacturing records
4 ] RFD Dressed Cavities

4 (| RFD Vacuum Vessel
i () RFD Dressed Cavities Assem )
[j Manufacturing drawings
I (] RFD Bare cavities

4 qj Fabrication, Assembly and Verification drafls & notes
i+ (] DQW Crab Cavities Cryomodule (LHC)
a qj RFD Crab Cavities Cryomodule (LHC)
[ U RFD Cryomodule Assembly
Fl \Lﬂ RFD Cryomodule Componenis
i (] RFD Cryogenic circuits
4 ] RFD Thermal Shield & MLI
ﬂ Manufacturing drawings

Fabrication, Assembly and
Verification

Installation - Comissioning

tﬂ Manufacturing procedures

Documentation during this phase
Manufacturing Procedures
- Test Procedures

(. Manufacturing procedures

G G - Assembly Procedures
oo e s - Manufacturing and Inspection Plan
->URFDV-HOMSuppressors a u aC u I g a SpeC IO a S

R U RFD Warm Magnetic Shield 3 HCACF_A001-CRO00001 - DQW Cryomodule Assembly

I (] RFD Cold Magnetic Shield
(] RFD Tuning System
I (] RFD Pickup Field Antenna
» (] RFD FPC Main Coupler
(] RFD Instrumentation
> ] RFD Beam Axis
» (] External Supports

i (] RFD Alignment Monitoring S)
I (] RFD Support and Alignment !
I (] RFD RF Internal Lines
b U RFD Tuning System
i+ (] RFD Vacuum valves

I (] RFD Dressed Cavities

I (] RFD FPC Main Coupler

I (] RFD Instrumentation

I ] RFD Beam Asxis

£} HCACFDCO01-CROD0001 - DQW Dressed Cavity

£} HCACFDC001-CROD0002 - DQW Dressed Cavity

£} HCACFWI001-CRO00001 - DQW Warm Magnetic Shield
) HCACFTS001-CRO00001 - DQW Thermal Shield

£} HCACFQC001-CR000001 - DQW Cryogenic Circuits

£} HCACFVT001-AQ000001 - DOW Vacuum Vessel

£} HCAGFCG001-GR000001 - DQW Gryostat components - Beam Lines

£} HCACFCC002-CR000001 - DAW Cryostat components - MLI

£} HCACFCC003-CROD0001 - DOW Cryostat components - Coaxial Lines

£ HCACFTU001-CR000001 - DQW Tuning System
£ HCACFTU001-CR000002 - DQW Tuning System
[) 1869813 (v.1) WELDING BOOK on-site welding J3041556
[ 1867811 (v.1 Leak test reports crab cryomodule

- Qualifications
- Manufacturing Records — MTF

[Z) LHC-ACF_A-FR-0001 (1.1) Assembly of components - HCACF_A001-CROD0001
[) 1904626 (v.1) welding cryomodule to service box in SPS - HCACF_A001-CR000001

)\,

i HL-LHC Collaboration Meeting Uppsalla — 21st September 2022




Manufacturing Records in MTF

Fabrication, Assembly and
Verification

Installation - Comissioning

« L¥ HCACF_ADD1-CRO000D1 - DQW Cryomodule Assembly
) HCACFDC001-CRODD001 - DQW Dressed Cavity
£) HCACFDC001-CRODD002 - DQW Dressed Cavity

£ HCACFWMO001-CRO00001 - DQW Warm Magnetic Shield e MTFiIsani nteg ral part of EDMS.
ﬂ HCACFTS001-CR000001 - DQW Thermal Shield . . .
+ €3 HCACFQCOD1-CRO0001 - DA Cryogenc Ccus * This tool is used to store the manufacturing
O orcrcono 00001 oyt erar- oL data during production and grant traceability
ﬂ HCACFCCO002-CRO00001 - DOV Cryostat components - MLI
ﬂ HCACFCCO003-CRO00001 - DOV C:ostat cumZonents - Coaxial Lines (Wh at g OeS Wh e re)
» £ HCACFTUDD1-CRO000OT - DOW Tuning System  Workflow (more or less complex) shall be
ﬂ HCACFTUO01-CR000002 - DOW Tuning System . . .
1) 1859613 (1) WELDING BOOK on-ste welding J3041555 integrated following the Manufacturing &
Q 1867811 (v.1) Leak test reports crab cryomodule H
Q LHC-ACF_A-FR-0001 {v.1|:),.°.ssembly :f components - HCACF_AQ01-CRO00001 I nspeCtlon Plan (M I P)

> [=) 1904628 (v.1) welding cryomadule to service box in SPS - HCACF_ADD1-CR000001 o Manufacturlng reports Sha” be prOV|ded to
CERN along the production (including
Nonconformities)
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Outline

. Quality during Series production
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Series production

We are now moving to Series production for cryomodules
(for the Cauvities, it was already the case)

The equipment will be installed in the LHC machine so we
need to have proper traceability in terms of components and
documentation

= The approach is the the same as for the prototypes, but it
will be more demanding as there will be several items built in

parallel
= Quality activities should go in line with production

HiLumi ’ T
HL-LHC PROJECT < . .
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What goes where
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MTF used to grant the traceability of
the equipment and sub-equipment
(Serial numbers)

People on site should provide the

Documentation to be attached to the
corresponding asset

Documentation/manufacturing data is
to be provided on regular bases and
not at the end of production

inputs in terms of components usability

HL-LHC Collaboration Meeting Uppsalla — 21st September 2022

What goes where

4 n HCACF_A004-UK000001 - RFD Cryomodule Prototype
& HCACF_A004-UK000001 - RFD Cryomodule Prototype
g HCACFVT004-UK000001 - RFD Vacuum Vessel Prototype
g HCACFWM004-UK000001 - RFD Warm Magnetic Shield Prototype
g3 HCACFTS004-CR000001 - RFD Thermal Shield Prototype
—ig HCACFCCO004-CR000001 - Miscellaneous material for UK
& HCACFMC004-CR000001 - RFD FPC Main Coupler
g HCACFMCO004-CR000002 - RFD FPC Main Coupler
&y HCACFDCO004-CR000001 - RFD Dressed Cavity Prototype CERN
&y HCACFHT004-CR000001 - RFD He Tank Prototype CERN (RFD Jacketed Cavity Prototype CERN)
83 HCACFHC006-CR000004 - CERN RFD V-HOM Coupler Prototype
%3 HCACFPUO04-CR000004 - CERN RFD Pick-up Antenna Prototype
s HCACFHCO007-CR000002 - CERN RFD H-HOM Coupler Prototype
#y HCVSSCAQ01-CR000005 - BEAM SCREEN FULL ASSEMBLY
w8y HCACFDCO004-CR000002 - RFD Dressed Cavity Prototype CERN
&y HCACFHT004-CR000002 - RFD He Tank Prototype CERN (RFD Jacketed Cavity Prototype CERN)
2 HCACFHC007-CR000001 - CERN RFD H-HOM Coupler Prototype
&, HCACFHC006-CR000002 - CERN RFD V-HOM Coupler Prototype
% HCACFPUO004-CR000002 - CERN RFD Pick-up Antenna Prototype
% HCVSSCA001-CR000006 - BEAM SCREEN FULL ASSEMBLY
gy HCVVGSCO001-VT000001 - RF all-metal Gate Valve
gy HCVVGSCO001-VT000002 - RF all-metal Gate Valve
ey HCVVGSCO001-VT000003 - RF all-metal Gate Valve
g HCVVGSC001-VT000004 - RF all-metal Gate Valve
g HCVBMCC032-CR000001 - Short CWT Cavity line
&y HCVBMCC033-CR000001 - Short CWT Secondary line
g HCVBMCC034-CR000001 - Long CWT Cavity line

{1}

{1}

Q HCACFAHO037-UK000003 - RFD Blade Support Assembly
P Q HCACFAH037-UK000004 - RFD Blade Support Assembly



HL-LHC Nonconformities

Nonconformity — Non fulfilling of a requirement (of any kind)

Reference number 3.69
150 9000:2015(E) l]l:llll:l:l:llfl:ll‘mit}'
non-fulfilment of a requirement (3.6.4)

Wi
|I|Eull

© 150 2015

Requirements are specified in the Engineering Specifications, including their
annexes (Drawings, Procedures) or are coming from the normative (standards,
rules, etc)

HL Nonconformity Process for Collaborations EDMS 2149457

Full process on Launching a Nonconformity using EDMS is explained in EDMS
1908145

NCRs will follow the HL-LHC Template to communicate with CERN in order to
comply with HL-LHC NC Policy (class, criticality, decision, corrective/preventive

actions...)
= CERN will provide support in the preparation of the NCRs as well with the
evaluation. Nevertheless we expect Collaborations

pre-filled the template with the related info as well as with a first assessment

i i CERN
‘ﬁ!&%mc!’ @ §
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https://edms.cern.ch/document/2149457
https://edms.cern.ch/document/1908145
https://edms.cern.ch/document/1501109

Document life-cycle (Share with CERN)

| Release Procedure: HL-NCR |

[New Version X.x* |- ——
o < Cancelled | : — :
/ If the NC is critical (impact
v ' 4,5), it will also be shared with
NCEvaluation. K the Project Management (up to
B us to escalate)

,v{ Closed l

The document is shared for [Amons Underwayl .

comments :
WPEs are the entry point e — = -I Cancelled I
together with the HLQA [New Version x.x* | N~ —

Office

*Create a new version when you have a new file to be uploaded.

Yy &)
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NC Description NC Evluation

HL-LHC-Nonconformity-Report{] Y
Title-of-the:-Nonconformity-1

NC-Descriptionx

3
Work-PackageR | WP-to-which-Equipment-belongsu Equipmentx Code-of-the-equipment-(asset)d 3
Collaboration | Put-the-name-(ex.INFN,-F712-or- Processi Activity-carried-when-the-NC-was-identifieds [}
Contractf] Sandvik,-180-Team)q \
TeamR Put-as-many-as-applicablen Inspectork Who-identifies-the-nonconformityn

[instructions-available-on-EDMS-for-CERN-(1499015)-and-for-the-Collaborations-{impact-3-or-higher)-EDMS-2149457 ]9
Description-of-the-NC-should-contain:q
» + Description-of-the-NCRY]

* » Requirements-that-are-not-metq

» » References-to-specification,-procedures,-applicable-standardsq

* —+ Attached-pictures-if-requiredq]

* =+ [f-there-are-pictures,include-a-red-circle-onthe-NC-or-an-arrow-so-that-it-is-easierto-identify-what-the-reader-should-
look-at.-If-possible:include-photos-of-the-“OK”-state-as-well-with-green-circles-and-arrows-to-see-how-the-object,
part....should-look-like-not-to-he-a-NC.-9

[Be-factual-and-objective.-The-cause-of-the-NC-will-be-described-in-the-next-section]- 9

[Upload-the-NCR-in-EDMS-as-soon-as-possible,-never-more-than-3-days-after-the-occurrence-of the-NC,-and-Share-it-with-the-
WPL- and- CERN- WPE.- You- will- be- able: to- create- a- new- version- with- more- details- later- but- it is important- that- you-
<| communicate-this-first -9

* Provide all the available information about the Nonconformity (Description, requirement/s not met, etc.) —
What, Where, When, Who

» Be factual and objective. We are not assessing the causes and the impact yet. First we need to know
what went wrong. The root cause of the NC as well as the consequences will be described in the next
section (NC Evaluation)

« Add references to reports and other documentation to be used as reference and supportive
documentation of the Nonconformity

* Provide pictures and/or any other relevant material that can be useful for the analysis
HL-LHC PROJECT 7~ S _/\
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N C EV al u atl O n NC Evaluation

NC-Evaluationx

The-Evaluation-ofthe-NC-should-contain-the-result-of the-Root-cause-analysis-with-the-reference-of-further-analysis-and-testsq|

Documents-used-as-referencef]

List-of-documents-used-as-reference.-Please-use-always-hyperlinkso

Evaluation-team:-N.-Surname-...t

» The root cause of the Nonconformity is herein detailed — Why, How

« Amethod statement can be proposed to the evaluation team (if Repair is required)

« The impact of the Nonconformity is to be explained (technical and project level)

» Corrective actions to close this NC and Preventive actions to avoid recurrence are
herein proposed. These actions shall be assessed and confirmed during the follow step
(WP Evaluation). A new version of the document might be required depending on the
decision (more information is requested for completeness, different method statement...)

‘mmm’ )
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Handling and Sharing of Nonconformities

The NC Class triggers how it is to be communicated -> WPESs are your entry point

Who Ishall

Alignment with Business Objectives (WP Deliverables) informin the

pmje(t-

Occurrence of the risk will significantly deter the achievement of all the objectives

: Requiring resources outside the collaboration . o ) . i = As soon
Catastrophic / Extreme: 5 Large media (or scientific media) coverage - Intemational coverage delay of the full project, not delivery of a component fully under the PL. WPL, WPE
i that can not be covered by the project = L ) 2 2 EHEEE] BB s v o i, detected
responsibility of the collaboration, ...)
‘Occurrence of the risk will sign mper the achievement of the of the
Requiring resources outside the collaboration objectives (ex, delay b nd the ion margin but not yet the WP margin, As soon as
Major 4 eauiring Host MS press coverage - Scientific media - Escalating community activism ) e s iied i = ver e e pL WPL WPE
that can be coverad by the project request of a permanent deviation permit for a component, engineering change detected

request afecting the WP, ...)

Occurrence will have some adverse effect on the achisvement of the objectives
Requiring resources outside the collaboration b ) (ex,

ut . . . . A - . .
Moderate 3 e o Tt L e D Local press coverage - Neighbourhood reputation (public, suppliers, etc)  delay eliminating al the ma,gnn,{equesmfa deviation permit for a component, WPL, WPE | Inthe 3 days
ove engineering change request, ..}

Duri
Minor 2 No one has heard of the occurrence of risk outside CERN; Problem dealt Occurrence of the risk will have minimal impact on the achievement of the entity's WPE Eriﬂdgi[
with at CERN's management level. business objectives (magnet, cold mass, cryoassembly) :;Edn K

Duri
Neelieible 5 No ene has heard of the occurrence of the risk outside he deparmentwho  Occurrence of the risk will have very little or no impact on the achisvement of the o e
etz owned the risk; problem dealt at department management level entity's business objectives (magnet, cold mass, cryoassembly] B

The NC will be assessed by the Collaboration with the team involved in the NC (Production,
inspection ...). The first check shall be how this NC affects the project (Impact). If the NC
has a relevant impact on the project (delays beyond the margin, additional means beyond
the collaboration, damage to the image of the project, etc.), then the WPL shall be informed.
The Collaborations Impact matrix (EDMS 1863763) can be used to evaluate the NC but, in
case of doubt, the NC shall be always escalated to the next project level (Share with us!)

o HL-LHC Collaboration Meeting Uppsalla — 21st September 2022


https://edms.cern.ch/document/1863763

WP Evaluation (CERN Assessment and feedback)

[wp Evaluation |

[Project Evaluation |

Once the document is shared with WP4_COORD_CRYOMODULE, we will
provide Feedback via EDMS

Decision
Critical (Impact 4,5) O | Non-Critical (Impact 1,2 or 3) O
Repair O | Regrade O Scrap O Return O Concession [
Collaboration manager /WPE/WPL/PL N. Surname Date 20YY-MM-DD

Based on the previous income CERN will assess the information and provide

a decision (Full process is traced through EDMS).
The decision about the Nonconformity shall be integrated in the document

Repair

O Regrade ] Scrap L] Return [J | Concession [

* Repair: Action on a nonconforming product in order to make it acceptable for the intended use

* Regrade: Alteration of the grade of a nonconforming product in order to make it conform to requirements
differing from the initial ones

« Scrap: Action on a nonconforming product to preclude its originally intended use (Recycling, destruction).

« Return: Action on a nonconforming product to send back to the supplier’s facilities

« Concession: Permission to use or release a product that does not conform to specified requirements (Use as

it is)

Gl 7

$
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HL-

iL | ’
LHC PROJECT

NC Closure ==
. ! Closed with Warnings
NCR Closure
Date of re-inspection | 20YY-MM-DD | Inspector | N. Surname

Indicate if the preventive and corrective actions have been completed and if there is any remark to be taken in consideration

Agreed measurements have been successfully implemented: Yes O No O
Non Conformity Closed:  Yes O Yes with remarks O | Date Closure | 20YY-MM-DD
Inspector Supplier Collaboration manager/WPE/WPL/PL
N. Surname of the supplier’s N. Surname of the Collaboration
N. Surname person who closes the NCR representative manager WPE, CERN WPE, WPL or PL
- /
Page 10f1 Template EDMS No.: 1501109

Once the Nonconformity is solved, the document shall be updated (new
version to be issued). The reference to the report(s) that proves the
Nonconformity is closed is to be added in MTF (additional MTF Step if
needed) and the Status of the Nonconformity is changed to Closed or Closed
with Warnings

No measurable actions = No closure of the NC

CERN
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Non critical:

6

NCRs Cryomodules and Cavities

(100%)

100% (6) in
Closed

50% (2) in
Actions
Underway

Total NCRs: 4

Non critical: 1
_EMPTY: 3

@ Evaluation @ WP Evaluation @ Actions Underway

(25%)
(75%)

25% (1) in
Evaluation

25% (1) in
WP
Evaluation

HL-LHC Collaboration Meeting Uppsalla — 21st September 2022

Total NCRs: 32

Critical:
Non critical:
_EMPTY:

24.38% (27)
in Closed

|. Closed with Warnings C\nsedl

5  (15.63%)

16 (50%)
11 (34.38%)

15.83% (5)
in Clesed

Total NCRs: 16

Critical: 2 (12.5%)
Non critical: 7 (43.75%)
_EMPTY: 7 (43.75%)

31.25% (5)
in Evaluation

18.75% (3)
in WP
Evaluation

@ Evaluation @ WP Evaluation @ Actions Underway




Outline

Conclusions
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Conclusions

We are moving to Series production, and we need to be even

more attentive to the QA/QC activities (more demanding that
building just one cryomodule)

You already know the approach and the main requirements in
terms of QA/QC — Training has been given to Collaborations
and more sessions will be scheduled in the near future (feel
free to propose dates)

= Proper traceability is a must — What goes where / What is the
equipment made of

= Regular reporting during production including NCRs (which
should be taken as a learning process and improvement)

HiLumi ’ o
HL-LHC PROJECT \ . .
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Thank you for your attention

Special Thanks to my colleagues fom the HLQA
Office and Luca Dassa for his inputs and efforts
towards these activities within WP4

Cﬂ
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(iERN
Z
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EDMS Release Procedures

| Release Procedure: HL-AL |

New Version X.X*

* |Engineering Check * * | Under Approval
i | Released l -l Obsolete
) a

*Create a new version everytime you have a new file to be uploaded
¢ Only a few people can do it
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EDMS Release Procedures

Release Procedure: HL-OWNER

« Released *|  Obsolete

/ :

In Work |~
y %
\.

"4 |Draft for discussion | »| Cancelled

|

v

New Version X.X*

*Create a new version everytime you have a new file to be uploaded
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EDMS Release Procedures

| Release Procedure: HL-NCR |
|NewVersionX.XJ ———

N Cancelled ]

,-'I

v

NC Evaluation

| Closed |

ag Closed with Warnings

e ——a = i L Cancelled |
NewVersionx.X‘] = —_—

*Create a new version when you have a new file to be uploaded.
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