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Spanish in-kind contribution for HL-LHC

CIEMAT and CDTI signed a contract in March 2021 with ELYTT Energy (Spain) to produce
the series magnets:

« 6 MCBXFA

« 11 MCBXFB

During the prototyping phase, 2 MCBXFB and 1 MCBXFA prototypes, as well as the first
MCBXFB for the series, were built within a collaboration between CIEMAT and CERN.
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MCBXF series magnet production

= From March 2021 until September 2023 ELYTT Energy delivered to CERN 3 MCBXFB magnets

= The series production contract was stopped in September 2023 by mutual agreement between CIEMAT, CDTI
and ELYTT.

The situation was:
= 4 MCBXFB (1 made by CIEMAT & CERN) magnets over the 18 foreseen to be built by ELYTT were delivered
= 33 Coils still to be produced:
= 16 MCBXFB
= 17 MCBXFA
= No MCBXFA assembled at ELYTT
= 14 Magnets still to be assembled at CERN:
= 8 MCBXFB
= 6 MCBXFA
A strategy to complete the remaining magnet production, on schedule, was presented in October 2023.
The idea was to split the manufacturing into two separate sites:

= CIEMAT to produce the missing coils in its new laboratory in Madrid and will oversee the production of the
remaining components

= CERN to be responsible for assembling the magnets in its facilities in Geneva
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Magnet production planning presented in January 2024
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The initial planning accounts for a delivery rate of 1 magnet every 2.5 months, exception for the first magnet
(BO5), with an assembly time of 3 months (used for knowledge transfer and production line set-up) to cope
with WP3 master plan.
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The team

Il prototypes were developed and assembled at CERN
n close collaboration with CIEMAT until fall 2021.

CERN'’s team has the required know-how to perform thig
task, but a series production approach was required.

A small, fully dedicated core team to MCBXF assembly<
activities has been formed.
= WP3 Project engineer
= 1 engineer for production follow-up
= Magnet assembly activities:

= 1 trained engineer for assembly

= 1 CERN trained technician to teach the newcomers
(during first assembly)

= 3 technicians for assembly
1 technician part time for electrical measurements

Punctual support from MSC-LMF, MSC- SMT , EN-MME
and ATS-DO is provided
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Set up of the assembly line at CERN: Building 180

All assembly operations but thessefiasing are performed in building 180: 3 zones for MCBXF
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Set up of the assepa ' RN Building 927
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Then the magnet is powered around its nominal perimeter

MCBXF Cold Powering

MCBXFB - 2.14/2.66 Tm powering cycles

by performing two rectangular powering cycles

MCBXFB - 2/2.5 nominal Tm perimeter

Nominal torque per unit length at straight section is very high: 147 kNm/m, about 84 MPa at the inner dipole coil.
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Each dipole is tested in standalone mode up to its ultimate current
Then the magnet is trained in combined powering up to its ultimate field
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MCBXFBO05 powering test results

= Cold test (15 thermal cycle)
= Single powering:

= 1 quench while powering the inner dipole on
standalone configuration

= No quench for the outer dipole

MCBXFBOS - Cooldown 1

2000

a - = Target reached

1500 —— Powering performed

= Comblned pOWGI’Ing O long plateau (1-4 hrs)

= No quenches in the first quadrant, but 5 quenches 1000 = ==Nominal operation space
in the second quadrant to reach ultimate.

= We then went through all quadrants without
further quenches (see the five markings in the
current vs time plot).

Ultimate operation space

500
a  Quenches

-500

Inner dipole current (A}
o

-1000

= Cold test (2" thermal cycle)
= Single powering:
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_ MCBXFBO5 is the first magnet tested after the restart of
= Documentation and EDMS status: assembly activities by CERN at CERN.

= Documentation is up to date. NCRs are closed

._j 2 Courtesy of G. Willering
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MCBXFA1 powering test results

= Cold test (15 thermal cycle)
= Single powering:
= No quench for the inner dipole
= No quench for the outer dipole

MCBEXFAL - Cooldown 1

= Combined powering:
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= Documentation and EDMS status:
= Documentation is up to date. NCRs are closed
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status

MTF Assets (Coils/Magnets) modified to
represent the new production scheme

Results from the incoming inspections on the
materials used from previous production are
available

NCRs from previous production are being
closed

Manufacturing and assembly procedures
issued

All updated drawings uploaded to PLM

Documentation systematically upload by both
teams to MTF

NCRs from assembly at CERN well
documented (root cause identification,
corrective and preventive actions)
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Meeting CIEMAT-CERN on Sept. 22nd
to announce contract interruption

Magnet assembly activities
resumes at CERN with
MCBXFBO05

Last truck taking
material from ELYTT

April. 23

MCBXFB05
Powering Test

CERN assembly activities timeline

MCBXFA1
Powering Test

MCBXFB06
Powering Test

HL-

March. 24

Preparation of the new production line

starts at CERN (infrastructure)

First CERN internal meeting on Oct. 19t
to propose a production line location

MCBXFBO05 completed

Start of MCBXFAL

Meeting CIEMAT-CERN @ CERN
to inform progress on contract cancelation
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assembly

MCBXFAL inner dipole
collaring completed

MCBXFB06
assembly completed

Start of MCBXFB06
assembly
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Summary

Today we have:
= MCBXFBO05 and MCBXFAO1 have been assembled and successfully tested
= MCBXFBO06 is waiting for cold powering tests
= MCBXFBO07 assembly has started

= The provisional schedule presented at the beginning of the year is being perfectly followed and is in line
with the requirements of the general WP3 schedule

= Less than a year ago, we were in a crisis situation following the closure of a contract for the
manufacturing of the series for the combined orbit corrector magnets

= The necessary infrastructure to cover the assembly activities was set up in record time
= Today, we are in a stable situation with an assembly pace aligned with the forecasts made at the
beginning of the year

= We are confident about the continuation of operations thanks to the establishment of a dedicated and
stable team

= The results achieved so far, despite the unexpected challenges caused by the decision to close the
contract signed with ELYTT, would not have been possible without the support of many individuals who
may not always be visible at the forefront

= My sincerest thanks to all of them for their contribution
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It is much easier to achieve ambitious goals with a cheerful and motivated team.
Thank you guys !l
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