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Cold Powering for Triplets
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Cold Powering for HL-LHC: DFX extremity
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Cold Powering for HL-LHC: DFHX extremity
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Cold Powering for IT String: DFX extremity

e Cold Powering is adapted to the SM18 environment, with Sc link length identical to the tunnel integration.
* Pre-series cold powering equipment will be used (machine spares).

* A controlled bend radius of the MgB2 cable must always be respected.
Courtesy A.Kosmicki, WP16

DFX

|
DCM l D1
|
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Sc Link,
DSHX (74.5 m)
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Circuits are
temporarily
shunted at
NbTi extension
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System Qualification — before IT String (& LHC tunnel)

Before installing at IT String, we perform system qualification at cold in SM18:

= Current leads (HTS REBCO),

= MgB, cable,

= MgB,-HTS splices, MgB,- NbTi splices

= Embedded instrumentation (TT, Vtaps)

= After cold test, removal of Sc link from DFX but, no disassembly of any MgB, splice

MgB2 cable
e — == — —_—
MgB2-HTS /
splices
Circuit qualification typically includes:
Insulation, protection, Ry e, I, dl/dt
MgB2-NbTi
Splices
o« Scope of hardware cold test at SM18 F2 bench 9
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F2 bench upgrade for Cold Powering System qualification

10 systems to test: 4 Triplet & 1 spare (for IT String) + 4 Matching Section(D2) & 1 spare

su pplleS ‘L
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Planning of 15t system test (SCR edms 2747986):

Start system assembly — Oct 2022

Ready for cooldown — March 2023

Cold tests — April to June 2023

Disassembly & delivery to String — July 2023 10



DFHX/DSHX preparation for the IT String

A. DFHX-DSHX Assembly — electro-mechanical activities on Sc link extremities (pre F2)

DFHX, 6m )
=] DSHX cryostat, 74.5 m, $#180 | MgBLZ‘ﬁqNle,
SM18 corridor
B. DFHX-DSHX Assembly — spooling of Sc link (post F2)
DFHX, 6 m
= o
SM18 corridor ® ©®
DSHX spool

@4 m

C. DFHX-DSHX Assembly — spooling of Sc link (post F2, ready for IT String)

DSHX

to IT String
EEE— or

storage (series units)

DFHX

Transport frame
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Eq U I p m e nt Rea d I N ess All principal components for IT String

will first be deployed at F2 bench

DFX cryostat
-

k‘ % UK Collaboration
N

- - Swedish Collaboration
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Cold powering assembly sequence at IT String

02/09/2022

by Stefanos Christos Spathopoulos, TE-MSC-CMI
(using WP16 integration models)

= Lifting of DFHX with 74.5 m Sc link on to platform
= |nsertion of Sc link into DFX

13
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Phase 0: DFHx-SCLink subassembly transportation

| "4

Subassembly preparation to be
transported

Subassembly transport to the
string area




Phase 0: DFHx-SCLink subassembly transportation
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Phase 0: DFHx-SCLink subassembly transportation
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Phase 0: DFHx-SCLink subassembly transportation

Proximity of the spool with the pipes

J|Acton | Dustion |

"@ Subassembly preparation to be 4h /
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Phase 0: DFHx-SCLink subassembly transportation
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Phase 1: DFHx-SCLink subassembly lifting and installation on the platform
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/ 4
Remove protective barriers

Subassembly lifting and transfer 6h
to final position on the platform

U
DFHx lowering and fixing
Aaw .,



DFHx-SCLink subassembly lifting and installation on the platform

@ﬁ% Lifting frame installaton
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DFHx-SCLink subassembly lifting and installation on the platform
T
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Phase 1:

DFHx-SCLink subassembly lifting and installation on the platform

\ VAV 4
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Duration
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Subassembly lifting and transfer
to final position on the platform

6h

DFHx lowering and fixing
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Lifting frame installation

Remove protective barriers

Subassembly lifting and transfer
to final position on the platform

DFHx lowering and fixing
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":‘ Lifting frame installation

Subassembly lifting and transfer 6h
to final position on the platform
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Phase 1: DFHx-SCLink subassembly lifting and installation on the platform
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Duration

8h

6h

Unrolling & Routing SCLink on the

string tray

Phase 2: SCLink unrolling

SCLink insertion to cable chain
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Phase 3: DFX assembly and NbTi extremity installation

Cable Chain support frame 16h

installation

DFX frame installation _
Installation of the Upper Vertical

(DFX V) subassembly on Frame ’
Insertion and welding of the SC-Link _
Assembly of the DFX (Step 3-10) _

Magnets installation _
DCM installation ﬁ



Phase 3: DFX assembly and NbTi extremity installation
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Phase 3:

DFX assembly and NbTi extremity installation
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Phase 3: DFX assembly and NbTi extremity installation

Cable Chain support frame
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Phase 3: DFX assembly and NbTi extremity installation

Cable Chain support frame 16h
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DFX frame installation _
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Magnets installation _
DCM installation ﬁ
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Phase 3: DFX assembly and NbTi extremity installation
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Phase 3: DFX assembly and NbTi extremity installation

Cable Chain support frame
installation

A DFX frame installation

Installation of the Upper Vertical
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Phase 3: DFX assembly and NbTi extremity installation
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Phase 3: DFX assembly and NbTi extremity installation

Cable Chain support frame 16h

installation
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Installation of the Upper Vertical
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2.3 Insert SC-Link into the dome through the VV Hat

gl

NbTi cable length: 3.3m

Highest position
Final position
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5. Insertion of DFX-V|Low
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5.1 Lift and position the DFX-V|Low subassembly
5.2 Insert carefully without damaging the SC-Link.
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5.11 Clamp it to the DFX-V subassembly

P. Cruikshank, 12th HL-LHC Collaboration meeting, Uppsala, 22/09/2022 47




6.15 Position and slide the VV+HV Sleeves towards the DFX-V elbow

While awaiting installation of DCM, the
interconnect will be temporarily closed to
protect the cables, helium volume and
insulation vacuum volume

P. Cruikshank, 12th HL-LHC Collaboration meeting, Uppsala, 22/09/2022 48




7.4 Position the DCM / DFX-h|Plug Side subassembly at the IT string

P. Cruikshank, 12th HL-LHC Collaboration meeting, Uppsala, 22/09/2022 ’:r\x\ 49




7.5 NbTi-NbTi splices soldering
7.6 SCLink - IFS instrumentation joining

Busbar layout will be very similar
\ in both interconnects /

50

P. Cruikshank, 12th HL-LHC Collaboration meeting, Uppsala, 22/09/2022




Tooling
Readiness

Progress....but,
still work to do

WP6a acknowledges
the strong support of
the EN-HE-PO team

===

Existing cable chain at F2

IT String Cable chain to procure

A3 | IFINDOUBTASK | DWENSIONS IN ALLWETRES UNLESS OTHERWISESTATED | DONOTSCALE | REMOVE ALL BURRS AND SHARP EDGES |
&

(Bl o] - @

Lifting frame
to procure

J~

& CANNOT BE
REDUCED

MIN RAD 1 630mm

SHEET 1 o

DRAG CHAIN PROPOSAL FOR SUPER CONDUCTION LINK | ¢#4 metreel
FOR CERN ENGINEERING DEPT

PROJECT No.

DC75945

REV.

A

o,

50225

- | F7 7] 3

C PLATE & CLEAR CHROMATE PASSIVATE |

11 [A[FiRsT SSUE 5 | RvY | AN | 12062,
Yoleevion oECRFION— odotiPrlows

Coupling frame

to procure
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Cold Powering Hardware for IT String

* The IT String is assembled from HL-LHC machine
equipment/spares which will be recovered later.

* Due to integration differences with respect to
the tunnel and other SM18 constraints, some
hardware and tooling for the cold powering
system are IT String specific.

 Manpower support to execute the installation,
handling, interconnections, welding, quality
controls (leak test, pressure test, ELQA, etc) are
IT String specific.

Hardware Description

Category

DFHX-DSHX unit

DFHX proximity equipment support
DFHX to platform fixation

DFHX to GMS cold piping

DFHX to GMS warm piping

DFHX to GMS cold piping weld/leak test
DFHX vacuum barrier bypass
DFHX splitting box

DFHX Safety valve/burst disc
DFHX IP2X safety cage
DFHX-DSHX coupling frame
DFHX-DSHX lifting frame

Machine spare
Machine spare
String

String

String

String
Machine spare
Machine spare
Machine spare
Machine
Machine tooling
String tooling

DSHX fixed points

DSHX cable chain

DSHX cable chain fixed support

DSHX temporary platform for cable chain
DSHX consolidation of support tray

Machine spare
String

String

String tooling
String

DFX unit

DFEX support frame

DFX to SQXL cold piping

DFX to SQXL cold piping weld/leak test
DFX interconnection parts (NbTI-NbTi)
DFX vacuum barrier bypass

DFX safety valve/burst disc

Machine spare
String
Machine
String

String
Machine spare
Machine spare

P. Cruikshank, 12th HL-LHC Collaboration meeting, Uppsala, 22/09/2022
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TE-MSC Resources (for WP6a) at IT String

* To determine TE-MSC manpower requirements of the installation of the cold powering system at the IT String, the following
assumptions/agreements are made with respect to supporting teams:

 Installation coordination & planning: WP16

* Installation handling in SM18*: EN-HE contribution in SM18 (up to 2 persons)

e Supports & their installation: WP6a team open jobs with EN-ACE

* DFX assembly work: WP6a team contribution.

* Cold powering subsystem welding™*: WP6a team open jobs with EN-MME

* DFX interconnection & welding (NbTi): TE-MSC contribution (magnet interconnection team™**)
* Vac instrumentation & pumping: TE-VSC contribution

* Interconnect & global leak tests: TE-VSC contribution

* ELQA & electrical protection: TE-MPE contribution

* Metrology WP6a team open jobs with BE-GM

* Instrumentation cables/boxes DFHX & DFX WP6a & WP7 teams

*all Sc link handling is done in collaboration with WP6a team
**welding needs: DFX assembly including off-line joining to DCM; DFX-SQXL transfer line; DFHX-GMS transfer line
*** welding strategy agreed 31/08/2022 with TE-MSC hierachy.



. . .
. EDMS NO. REV.
I IS a a IOI I Se uel |Ce a I I I I I I I X i -
| REFERENCE : LHC-EQCOD-XR-X0C0
|'f - '\\
. . . . . .
* Detailed installat ted lud Cst ! | o
etalled Installation sequence IS generateaq, IncCluding Steps T [ Duration Industrizl Support Technicians
DFX Assembly EN-HE TE-MPE | EN-MME* TE-VSC  WP6a
. . .
+ Overall ~ 3 months for cold tallation (Q3, 2023
vera ontns 10r co owering Instaliation , — -
Insert 5c link in DFX top flangs |2 days 1
. . . - v
 Documentation review & approval ongoing stel the cable chain support 2 dov 2
* Electrical tests 0.5 days v 1
Weld Sc link to DFX top flange |1 da EDH job 1
]
7
1D [Task Name Duration |Start Finish Leak tESt above WEId 0-5 da"rs 1
£T7E) | ‘DFX-V" finalisation 2 days v 1
a1 Qz a3 Qs al
an | Feb | mar | apr |may | Jun | sl | Aug [ sep | oct | Nov | Dec | Jan | Feb [ mar | apr DFX-V low elbow
197 Cold Powering installation s9days  03/07/23  21/09/23 Cold Powering installation . .
198 DFHX + DSHX + DFX delivery Odays  03/07/23  03/07/23 DFHX + DSHX + DFX delivery ¢ 03/07 Form NbTi extensions 1day v 1
199 DFHX-DSHX installation 14.5days 03/07/23 21/07/23 DFHX-DSHX installation =z E|EEtI’iCﬂ| tests 0.5 da',r v 1
200 DFHX-DSHX installation preparation 4.5days 03/07/23 07/07/23 DFHX-DSHX installation preparation & (
201 Install temporary extension {the) Sc link tray 2days  03/07/23  04/07/23 | Install temporary extension (the) Sc link tray Install low elbow 1 days 1
202 Install cable chain on Sc link tray 05days 05/07/23  05/07/23 | Install cable chain on Sc link tray EXtraCt from WP16 weld law elbow to DFX-Y 1 da EDH iob 1
203 Install DSHX fixed supports 2days  05/07/23  07/07/23 § Install DSHX fixed supports v o
204 DFHX-DSHX installation 10days 07/07/23  21/07/23 DFHX-DSHX installation === ce nt ra | 1ze d p | annin g Leak test abowe weld 0.5 day v 1
205 Placement on floor transport frame 2days  07/07/23  11/07/23 I Placement on floor transport frame o
206 Transter to String zone Loy woras 10is | Transter to sring zone DFX-V low elbow finalisation |2 days 1
207 Installation of ifting frame Jdays 1200723 17/07/23 [ nstallation of lifting frame DFY-h link side
208 Lifting DFHX-DSHX onto platform 1lday 17/07/23 18/07/23 | Lifting DFHX-DSHX onto platform
200 Fixation of DFHX o platform 1day  18/07/23  19/07/23 | Fixation of DFHX to platform Install DFH-h subassembly 1 days v 1
210 Unspooling DSHX 1 day 19/07/23  20/07/23 | Unspooling DSHX B
211 Removal of lifting frame & spool 1day  20/07/23  21/07/23 i Removal of lifting frame & spool Weld DFH-h to DFX-v elbow |1 day EDH job 1
212 Installation connections at DEHX 30days  21/07/23  01/09/23 Installation connections at DFHX Leak test above weld 0.5 day v 1
213 18 kA leads to busbars adays  21/07/23 270723 {2 18 ka leads to busbars - =
214 7 kA& 2 kA leads to ACC 1wk 27/07/23  03/08/23 W 7 kA &2 kA leads to ACC DF¥-h finalisation 2 days 1
215 Current leads (warm He) to GMS 2days 03/08/23 07/08/23 [| Current leads (warm He) to GMS
216 DFHX (cold He) to GMS. 4days  07/08/23  11/08/23 [/ DFHX (cold He) to GMS I5 Totals 17.5 days
217 Vacuum instrumentation 1wk 11/08/23  18/08/23 Vacuum instrumentation *Welding suppart fram EN-MME
218 Proximity equipment supports 1day  18/08/23  21/08/23 | Proximity equipment supports L . .
219 Splitting box at DFHX IFS 2days  21/08/23  23/08/23 | Splitting box at DFHX IFS Table 4: DFX assembly activities (up to NbTi/NbT/ interconnect)
220 CLheaters & thermoswitch box 2days 23/08/23 25/08/23 | CL heaters & thermoswitch box
221 1P2x cage installation 5 days 25/08/23 01/09/23 [ 1P2x cage installation
222 DFX 29.5days 21/07/23 31/08/23 DFX BZ222Z227750
273 DFX pre-assembly 25days  21/07/23  25/07/23 DFX pre-assembly &=
224 Install OFX support frame 05days  21/07/23  21/07/23 | Install DFX suppart frame
225 Vount DFX vertical cryostat [x] 2days  20/07/23  25/07/23 | Mount DFX vertical cryostat [x]
226 DFX assembly 27days  26/07/23  31/08/23 DFX assembly s
227 DFX-V 10 days 26/07/23 08/08/23 DFX-V ==
228 Insert SC link in DFX top flange 2days 26/07/23 27/07/23 [ Insert SC link in DFX top flange
229 Install the cable chain support 1lday 28/07/23 28/07/23 | Install the cable chain support
230 Electrical tests 1 day 31/07/23  31/07/23 | Electrical tests
231 Weld sc link to DFX top flange 1day  o0l/08/23  01/08/23 | Weld Sc link to DFX top flange
232 Leak test above weld 1day  02/08/23  02/08/23 | Leak test above weld
233 PV finalisation adays  03/08/23  08/08/23 [] DRX-V finalisation
234 DFX-V low elbow 10 days 09/08/23 22/08/23 DFX-V low elbow ==
235 Form NbTi extensions 1lday 09/08/23 09/08/23 | Form NbTi extensions
236 Electrical tests 1day 10/08/23 10/08/23 | Electrical tests
237 Install low elbow 2days  11/08/23  14/08/23 1 Install low elbow
238 Weld low elbow to DFx-v 1day  15/08/23  15/08/23 | Weld low elbow to DFX-V
239 Leak test above weld 1day  16/08/23  16/08/23 | Leak test above weld
240 PV low elbow finalisation adays  17/08/23  22/08/23 [] DFX-V low elbow finalisation
241 DFX-h link side 3 days 23/08/23 25/08/23 DFX-h link side =
242 Install DFH-h subassembly 1lday 23/08/23 23/08/23 i Install DFH-h subassembly
243 Weld DFH-h to DFX-v elbow 1day 24/08/23 24/08/23 | Weld DFt-h to DFX-v elbow
244 Leak test above weld 1 day 25/08/23  25/08/23 | Leak test above weld
245 DFx-h finalisation adays  28/08/23  31/08/23 [ DFX-h finalisation
245 ELOATest of cold system at Warm (SLC) 3days  01/09/23  05/09/23 ELQA Test of cold system at Warm (SLC)
247 Installation connections at DFX 12 days 06/09/23 21/09/23 Installation connections at DFX 227
248 DFX to SQXL transfer line weld 1day  06/09/23  06/09/23 | DFX to SQXL transfer line weld EXtraCt from WPGa
248 DFX to SXQL tranfer line | test 1lday 07/09/23 07/09/23 | DFXto SXQL tranfer line Ltest N . N . . _ ~
250 Vacuum instrumentation 1wk 08/09/23  14/09/23 Vacuum instrumentation Contrl b utlo n d ocC Figure 7: insertion of the 5c link in DFX tap flange using coble chain
251 Connection at DFX IFS (WP7?) 1wk 15/09/23 21/09/23 Connection at DFX IFS (WP77)
\ )
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TE-MSC Resources (for WP6a) at IT String

* Documents prepared by WP6a & WP16 to collate IT String interfaces, activities & resources:

Interface Specification of WP6a in IT String —edms 2087862 (95% complete)

TE-MSC Contribution (for WP6a) to WP16 — edms 2188577 (95% complete)
DFX assembly sequence @ IT String — https://cernbox.cern.ch/index.php/s/q02aVBvLn6I8Ufp

Cold Powering assembly sequence @ IT String — https://cernbox.cern.ch/index.php/s/DzSmU6aVmdzpkQk

* |T String installation will profit from experience gained during Cold Powering proto system test at F2 (plus prior DEMO trials)

* TE-MSC (for WP6a) resources @ IT String

Staff Project Engineer

Staff Technician

FSU Technician

TE-MSC synergies (eg field coordinator/QA/QC)
Hardware + M4P = 330 kCHF

Extract ‘WP6a contribution
to IT String’, edms 2188577

P. Cruikshank, 12th HL-LHC Collaboration meeting, Uppsala, 22/09/2022

Table 5: FTE of Staff per year

2021

2022

2023

2024-2025

2026

Total
Group commissionin dismantlin
study | preparation | installation ) & € | (FTE:years)
& operation
TE-MSC
WP6a -Eng 0.05 0.1 0.35 0.2
1.9
TE-MSC
WPBa - Toch 0.1 0.7 0.4
Table 6: FTE of M4P per year
2024-2025 2026
2021 2022 2023 Total
Group commissionin, dismantlin
study | preparation | installation ) & € | (FTE:years)
& operation
TE-MSC
\WP6a - M4P 0 0.1 0.7 0.1 0.9



https://cernbox.cern.ch/index.php/s/q02aVBvLn6l8Ufp
https://cernbox.cern.ch/index.php/s/DzSmU6aVmdzpkQk

summary

F2 Cold Powering Readiness
e Qualification at F2 is major steppingstone towards IT String — first assembly & test of a HL-LHC cold powering system
e Consolidated system assembly & test plan gives availability for IT String July 2023

IT String Cold Powering Readiness
* Principal equipment is machine spares coming via F2
* Due to SM18 configuration some IT String specific equipment is being procured.

Tooling
e |T string presents a unique challenge to install the 74.5 m system on the platform — lifting tool to be procured.
* A cable chain at DFX, already validated for the F2 bench, will also be applied for the IT String - to be procured.

Resources
* Interface & Contribution documents are now mature, providing activity durations for centralised WP16 planning.
* |T String specific hardware & manpower needs are identified.

Installation Sequence
* WP6a has produced detailed installation sequences - both overall for the system & specific around DFX
* The sequences allow WP6a to refine detailed steps and communicate our vision to the other teams

No showstoppers....
e but we don’t underestimate the hard work that is still in front of us.



Thanks for your attention |

WP6a acknowledges the support of all CERN teams and Collaborations working on the
HL-LHC, IT String and F2 cold powering configurations.



Spare Slides

P. Cruikshank, 12th HL-LHC Collaboration meeting, Uppsala, 22/09/2022

58



&

WP7/MPE contri

EDMS NO. REV.
2775589 0.1

VALIDITY
DRAFT

)

[ REFERENCE: NOT REQUIRED

HL-LHC IT String Meeting Minutes

WP7/MPE contribution to WP16 for the cold powering system

Date: 2022-09-13

Project/Activity: WP16

Attendees: Marta Bajko (MB), A. Ballarino (AB), Nicolas Heredia Garcia (MH), Felix Rodriguez Mateos (FR), D.

Wallmann, (DW) and Samer Yammine (5Y).

DISCUSSION

DFHX — Current Lead heaters

WP7

MYD1=5M18
ZN_RACKS
Controllers Rack

Vincent Froidbise

WPEA
Jerome Fleiter

DFHX

Dlexx>=5M18

Proximity Boxes

(===l

Giorgio d'Angelo
Cable type&nb
to be defined
soon for DIC

Giorgio dAngelo

Heater Cartridge

CHX>: OCCUTTENCE
of the box

f  10m cables provided with
i cartridge heater (heater + TC)
{  Connectors to be defined
i
i

* Heater cartridge delivery (including 10 m cables): WP6A
* Integration of proximity boxes (including drawings, supports): WPBA
*  Proximity boxes delivery (including transformers): WP7
* Controller rack (including electronics): WP7
* Cabling from controllers rack to proximity boxes: WP16 (inside WPBA WU, E. Nowak as reporting

person) (Current budget allocation: 10 kCHF)

ution for cold

powering

(

EDMS NO. REV.

2775589 0.1

VALIDITY
DRAFT

[ REFERENCE: NOT REQUIRED

DFHX — Splitting modules

WPEA - MSC
Jerome Fleiter

'WP7 - MPE
Edward Nowak
DYPGDG=SM18
ZN_RACKS Cabl
Rack QDS DI:I S D[
Glorgio dhngela??

DIC 1o be update
cable typedal

Vincent Froidbise

WP39 - CRG
Gabriella Rolando

QYC21=5M18 Cables

ZN_RACKS DD:D E

Rack Instrum.
Benoit d'Hulster

DHC o b update

Troo>=5M18
Trom>=5M18
Frooe=5MI18

DFHX

Proximity Eqp
(Boxes)

lerome Fleiter

| ——_

[Fischer ITTafvtaps)
ol

Prox==SM18
Prexx>=SM18
Trooe=5M18

FHX
FHX-Feedthroughs
(flanges)

[Fisther 21T

Jdrome Fleiter

{Fluches 2eTTsbavangs)
51

TR<xx==5M18
PPoo==SMI18
Panc=5M18

fLoms 1aTT]

,S;Hx

cable typednb

Thomas Barbe:

CL Feedthrough
Jerome Fleiter

DFX — IFS boxes

<t oceurrence of the eap

+  Splitting box (including hardware inside) delivery: WPGA
* Integration of proximity boxes (including drawings, supports): WPBA
* QDS rack (including electronics): WP?|
Cabling from QDS rack to proximity boxes: WP16 (inside Machine Protection WU)

WP6&A - MSC
Jerome Fleiter

DFX

Jerome Fleiter

WP7 - MPE Vitaps WP7 -MPE
Edward Nowak ) Giorgio d'Angelo [
DYPGO4=5M18 DIILFA.45F=5M18
ZN_RACKS *Vtpas + 1HE + 4TT
Rack QDS DD:DC“'“ 0
Eward Nowak DIILFB.45F=5M18
dward Nowa
DICtobeupdate | XVIRAs + 3HE + 2TT
cable type&nb
Vincent Froidbise
DFX .
IFS cover box(x2) | &
5
: o
wpg.. CRG Giorgio d’Angelo
Gabriella Rolando Cables
QYC2?=5M18 ]D:E":
ZN_RACKS
Rack Instrum.
Cable Flanges iso KF 01 0
a0 Tl (Sub Ox] 0g gn
Cable Flanges iso KF 02 =
Thomas Barbe EII:I 21T wacuwm r-.uls.u.x]u: :
Benoit d'Hulster DIC to be update cable type&nb o

|
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