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Status of CC cryomodules

= UK involvement in HL-LHC Crab Cavities

= RFD SPS Cryomodule Build
= Last 12 months
= Challenges & Lessons Learnt
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= DQW LHC Cryomodules

= Challenges & Continuous Improvement
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UK involvement in WP4 collaboration

Crab Cavity
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RFD SPS Cryomodule Build

Step2 Step3 Steps Steps Step 6

Step 7

Step 8. Step9 Step 10 Step 11 Step 12
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A '" Overview of assembly sequence - RFD CRYOMODULE for SPS tests 2022

! Poster by Teddy Capelli
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Status Sep ‘23

Technologies and contact Manufacturing and contact
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RFD As-Built Timeline (simplified)

10ct ‘21 Jan ‘22 lApr ‘22 Pul ‘22 1Oct ‘22 Jan 23 [Apr ‘23 Jul '23 1Oct ‘23
Pre-Cleanroom Prep. Step 1 Finish
Step 2 16 Oct 23
Step 3
Step 4
Step 5
Top Plate Prep. Step 6
Step 7
Step 8
Lower OVC Prep. Step 9
Step 10
Step 1
Step 12
Ouftgoing Tests
_chk and Ship
> > > > > > . d b b 2 4
RF|32 ’ Ready for Cleanroom Top lPIate
Received 1st CM Welds Load Transfer
ReRC’;RLd Cleagc:;oprlr;t\/ev ork Bi Phase Welded Ltz‘év‘%igér
—— | ) Bi Phase Cryo Line
Hi Lumloﬁ: Received Received CM Assembly Complete
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Highlights (last 12 mo.)

Coded welding qualification & 15t CM welds — Jan ‘23




Highlights (last 12 mo.)

= Top Plate Equipped - Warm Mag Shield, Thermal Screen, MLI
= New MLI skills!
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Highhtghts (last 12 mo.)

= Bi Phase Cryoline delivered Feb '23

= 18 months late

= Several NCs found after delivery —
some with major impact

= Pressure test failure
= RIig design not fit for purpose
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| ——
Net Force Reactions(N) |

Bi Phase line NC resolution R
= New Pressure Test Rig
= Developed & delivered in-house min timescales
= 54 components
= 24 unique parts
= FEA verification

= He Level Ports replaced in-house

= Re-qualification tests passed v/
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Highlights (last 12 mo.)

Bi Phase, Tuner & Top Plate integration (steps 3-5)
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Highlights (last 12 mo.)

Cavitystring to Top Plate load transfer (step 6)
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Highlights (last 12 mo.)

Thermal Screen & 50K MLI (step 9)




Highlights (Iast12 mo.)

Lower OVC integration
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Highlights (last 12 mo.)

Many CERN visitors for knowledge transfer & burld support
RF

Fibre optic strain gauge

Survey & alignment
Cryo instrumentation
TIG & orbital welds
Tuner assembly
Management & load transfer oversight

Transport tooling & logistics
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Highlights (last 12 mo.)

= Elegant solutions to incidental challenges

= Faster in-house manufacturing

= Vacuum & pressure test rigs & procedures

= 3D printed leak test tools (clamshells) \ ol L/

i
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= Qualification of assembly tooling & infrastructure

= QOrganisational evolution
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To troubleshoot & de-risk technical tasks
= ‘BOM kits’ can be prepped by sub-step
= Extremely valuable for LHC CC Cryomodules

= Includes requirements, torques & sign-off
checklists for travellers

Assembly Procedures

Based on poster logic + tooling & infrastructure

11-3 Install Blow-Off Valve %

" S

Status of UK CC Cryomodules, N. Témpleton, HL-LHC-CM-13, Vancouver

el



Total Assembly Procedures = 840 pages!

Cryomodule Components: 10K (>5k unique)

= Tooling drawings: 524
= 28 NCRs Resolved

= Total build team effort <9 FTE per year!

= FT engineers & technicians + shared
specialist & support staff

= *not including apprentice effort
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Challenges & Lessons Learnt

Integration complexity, sensitivity & design ‘teething’

Recruitment & retention

= Supplier QA Management

= Internal QA & EDMS/MTF management effort

= Material specifications, traceability, coating & cleaning
= Co-ordinating specialist support & visits

Hily
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UK DQW Schedule aucae

28 Jul '25
... CM3 Cavities CM5 Cavities
CM2 Cavities . :
07 May ‘24 05 May '25 08 Sep '25
12021 12022 12023 |2024|. |20%\._, A)ZG 12027

Start

01 Apr ‘20 Cryomodule UK Design Activities

01 Apr "20 - 22 Jan ‘24
Procurement Activities
05 Sep ‘22 - 13 Oct '25
Infrastructure Upgrade
16 Mar "21 - 21 Aug ‘24

cm2
12 Apr '24 - 17 Mar '25
cm3
. 27 Feb '25 - 10 Feb 26
 RFD build delays cm4
. 16 Jul '25 - 22 Jun '26
impacted DQW progress cms
23 Jan '26 - 30 Oct '26
T T > > g
. . RFD CM Assembly CMS5 Cold Test at C
« RI Cavity Delivery delays Complete CM2 Cold Test at CERN 04 Aug ‘27
CM3 Cold Test at CERN

04 Feb '26
I

CM4 Cold Test at CERN
22 Jul ‘26
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DQW Tooling & Infrastructure

t‘\ g .'

(Re)design work: ’ :
= Top Plate Lifting Gantry Mods v #

= Transfer Table v/

= Cavitystring tooling — nearly done

Next:
= Anti-shock transport frame

= Bi Phase Qualification Rig
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Beamline vac equipment - received or on-order

Cavitystring Trolley Il - received

= 2x common string trolley tooling - on-site

= QOVC tender - live

= Warm Mag Shield tender - live

= Cryolines materials & fabrication - on-going (critical) f| k. =& ="
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Infrastructure upgrades

= Parts management workstation v’

= Build area flooring

= Improved storage, workbenches & layout

DOQW Improvements

More info in WP4
break-out talks

= More staffing & more experience Technical sub-team

Dimensional control

Mock assembly

Managing cleaning etc.

BOM kit prep. | 150 4 cLEANROOM BAY

| ISO 6/7 CLEANROOM

| CLEANROOMS SUPPORT AREA

| SURVEY ROOM BAY

Parts management

= 5S consultancy discussions v’

= ID > QC > Processing > Label + Storage
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Shipping

Agreed with CERN to use CERN transport team and truck

3] Formulaire_demarrage X [ Liste_Poids_lourd X [“5] Formulaire_Poids_Lourds X

@ ENGINEERING DEPARTMENT

Poids Lourds

N° CERN | 384

Marque : [MERCEDES-BENZ Type : |ANTOS 1832
Plaques: |GE 565100 Mise en service : [29.10.2015
N° chassis : WDB 963 003 119 878 82 Prix : [CHF 114 500,00

2260mm Détenteur : [MAZZARINO THIERRY 16036«  Hayon:[LV-00283

Contréle technique : N° commande :|CA 6041122
Permis: | Permis 384

‘ ¥ Longueur: 9500
Largeur: W

Havuteur plateau : [3655

Poids a vide : /9000
PTRA: [18000
PTAC: 18000

Charge Utile : 9000
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Shipping

Documentation is progressing well with tight coordination between AJBM + Ben
Lewis (STFC Logistics) + Simon Barriere (CERN)

RFD Crab Cryomodule Shipping Items

Uit cost
a8 Notes Ofella-cost
. Countryof | Commedity Required ftobe  Total ex. from DaW  part
cutegory | Srouped subsysiem Total e, VATIER) . e Notes Notesfio be delsted when completel SubSystem fl be deleted when complete] sz P Gee e S
v [+] [+] v v v| [+ v V| g ™| st v (KGPB from KCHF)
[GE to iF cvenange rate: 1 o
[RED Caviry Bisa 1653 554 T
22 Jacketed RFD cavites 2079 5D et vessa 80 356 1780 21
[Coid taagnetic sieid 1] ]
[RED Full set of HOMs FITEY 29 1861 197]
o0 Probe a8 5 s 2]
RE coupl o_SHIPMENT_TRANSPORT_UST_rev8.
Lo = VI SHIPMENT_Th AP ORTASTIVS0. (570 Funcamantsl Prer Couir 752 2 48 742 20|
82 R incecral lines {4OM, pick-up, PP double tube} ] T 1 i) =
22 Mechanical tuners 163 37D Tuner s 2 163 ns 110
Outer vamam damber 26 61 T 6 1761 Tl ateral snd fan
o w A s 1] 1 3 12} s
Thermal sield o @ X @ L 5
[Shipped from France to UK by UPS, num
Multidayer insulation Siankets 1 e sivi 122470A38690103637; ad 2 other 1 1 5 25
refs [Muti ayer instatian 1
yomodde. 15140+Vat for blace suppert asembles - - s o|o ates anaaciustomen sy
Cavity support system z o 2 ines 10 be proviced by CERN
trom Tsw em T T T i1 =
Aligrment measurement system 5 [ s ‘ 5 371
Cryageni ation ) 1 [ [
c and vacum lnsirument m = o = 20
e ® cold to Warm Transiton ard shieicd iner-cavity Bellows. z ) ® ot
SEIRONR St L vscum Vatves &) a LD
[eryogenic incerral lines 000 1 00 50 1|
Cryogenic pipewark 2
upper Tine support e o 50 . ) 518 I~
atanars and anciary 7 3 Fastansts sna ancilaries 7 1 ] iz
ellun level, auge bells ota] Z100+VAT
Eryogericandilaries 2 uk from Hivac. What else should be nduded n n n3 ]
here? o '
Shipping and P fantishock £ 1 £
teansportation | Transportation frame, brackets, s K “Temporary Import required for transport o S [Fransport tooling s T B
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DQW Series Build Timeline (Sep ‘22)

Start

01/04/20

27/03/23 - 02/10/23

Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct
'20 ‘20 20 21 21 21 21 22 ‘22 22 22 ‘23 23 23 ‘23 24 24 ‘24 24 25 25 ‘25 ‘25
Cry dule UK Design A
01/04/20 - 14/06/23
Procurement Activities
05/09/22 - 07/03/25
Infrastructure Upgrade
16/03/21 - 03/10/23
cM2 2
Clean eptance
Assy ts
RFD Pre-series cm3 3
Cryomodule - SM18 Clean ceptance
Testing Assy sts

4
ceptance
sts

5
eptance
ts

HL-LHC-UK2 WP2 Start
01/04/20

CM2 Cavity Set Received
21/08/23

niklas.templeton@stfc.ac.uk

CMS5 Ready to Transport
24/10/25




