
Status of D2 prototype cold mass

H. Prin, T. Bampton, N. Bourcey

Design Office: O. Id Brahmane
Magnets: A. Foussat, G. Kirby, A. Musso
Cryostat and cold tests interfaces : A. Vande Craen, D. Duarte Ramos
Assembly procedures and tests : T. Bampton, N. Bourcey, L. Grand-Clement, A. Milanese 
Busbars and Splices: R. Principe, L. Favier
Quality insurance and documentation: R. Principe, O. Housiaux
Geometry: P. Bestmann
Magnetic measurements: L. Fiscarelli

WP3 meeting 16/02/2022 

https://indico.cern.ch/event/1123666/



Outline

▪ Design Status

▪ Prototype Assembly Process & Status

▪ Tooling

▪ Documentation

▪ Proposed magnet improvements for the series

▪ Summary

2



Introduction

In July 2021, a design update for the prototype was requested by the WPL to

assess the MBRD prototype performance using the existing SM18 test station.

Main changes with the series:

▪ Cryo-assembly turned by 180º on the test

bench

▪ 13kA busses routing on the bottom to std

position M3

▪ 600A busses routing on top to std position M2

▪ Helium feeding line (N) on top to the rear of

the cold mass rather than inside

▪ Bayonet heat exchanger rather than multiple

finger version

▪ Magnets longitudinal positions displaced by

100mm (proposed 200mm for the series)

▪ Soldering of 3rd lead to test each aperture

individually
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Design Status

Prototype Cold Mass
3D Model: ST0796233_01

Drawing Folder: EDMS 2638369

Series Cold Masses
3D Model: 1232783_01

Drawing Folder: EDMS 2684106

4

https://edms.cern.ch/document/2638369
https://edms.cern.ch/document/2684106


Prototype Assembly Process & Status
HCLMBRDP003-CR000001 Corrector Cylinder 1/2
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Busbars splicing to the leads Insulation covers re-assemblyBusses and instrumentation routing Additional V-Taps soldering 

Backing strip weldingAlignment 

measurements
MCBRDP1b V[-0.07, +0.18]mm, H[-0.16, +0.14]mm

MCBRDP2 V[-0.13, +0.14]mm, H[-0.13, +0.14]

Transfer to the lower shell on the press 

conveyor



Prototype Assembly Process & Status
HCLMBRDP003-CR000001 Corrector Cylinder 2/2
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Transfer to the lower shell on the press 

conveyor (2nd trial) Horizontal Alignment ~±0.15mm

Yaw <0.04mrad

Upper alignment cradles installation Total Vertical Alignment [-0.4,0.6]mm

Pitch ~0.6mrad

Roll <0.2mrad

Upper shell installationAluminium restraint cylinders 

installation

Shells longitudinal welding

Cutting of the extremities

Gutter installation, busses and 

instrumentation wires routing



Prototype Assembly Process & Status
HCLMBRDP002-CR000001 Separation dipole Cylinder 1/3
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V alignment within [-0.13,+0.17]mm

H alignment within [-0.6,+0.4]mm Backing strip installation and welding

Transfer the magnet into the 

temporary shell

Alignment measurements
Cold bore tube insertion trial in both apertures

Gutter and cable puller installation

Restraint alignment and welding

Install the shell on top Transfer to rotating bench and 

turn the magnet upside down



Prototype Assembly Process & Status
HCLMBRDP002-CR000001 Separation dipole Cylinder 2/3
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Alignment measurements

Temperature sensors installation

Gaps measurements

Upper shell installation after developed 

length machining/adjustment 

Longitudinal welding 

Transfer the magnet and the lower 

shell to the press conveyor
Remove upper shell

Install radial restraints

V[-0.56,0.27], H~[-0.3,+0.3]

Backing strip to the shell weld and 

shims tack

Cutting of the extremities

and backing strip trimming



Prototype Assembly Process & Status
HCLMBRDP002-CR000001 Separation dipole Cylinder 3/3
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Third lead soldering between the two apertures



Here we are today
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HCLMBRDP002-CR000001 HCLMBRDP003-CR000001



Next Steps
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▪ Separation dipole cylinder tilt 

adjustment towards gravity

▪ Welding of supports

▪ Orbit correctors cylinder tilt 

adjustment towards gravity

▪ Cold bore Tubes insertion

▪ Geometrical measurements 

▪ Orbital welding of the two 

cylinders



Next Steps
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▪ Move the roller to support 

the welded cylinders 

▪ Adjust the longitudinal 

position of the third support

▪ Weld the third support

▪ Welding of the two end covers



Tooling
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▪After evaluation of the different welding options, it was 

concluded to stay with the initial proposal: orbital TIG.

▪DMOS completed

▪QMOS in April then testing in accordance with PED 

▪QS in April
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Positioning and alignment of cylinders Orbital welding



Documentation 1/2

▪ LHC-LMBRD-FP-0002: D2 Cold mass assembly flowchart

MIP under development using the prototype assembly experience

▪ LHC-LMBRDE-FP-0005: Electrical test flowcharts 

throughout the production

▪ CERN-0000193764: Control Procedures (34 presently)

▪ LHC-MBRD-FP-0002: MBRD reception procedure

▪ LHC-MCBRD-FP-0013: MCBRD reception procedure

▪ LHC-LMBRDP-FR-0019: Longitudinal welding report

▪ …
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https://edms.cern.ch/document/2263493/
https://edms.cern.ch/document/2642966
https://edms.cern.ch/project/CERN-0000193764
https://edms.cern.ch/document/2621879/
https://edms.cern.ch/document/2605254/
https://edms.cern.ch/document/2691438


Documentation 2/2
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▪ LHC-LMBRDP-FR-0015: LMBRDP001 Prototype cold mass assembly report

https://edms.cern.ch/document/2679760/


Welding report
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EDMS: LHC-LMBRDP-FR-0019 
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0 1 2 3 4 5 6 7 8 9 10

Total Weld shrinkage

Side A Side B

Side A

Pos 0.6 0.93 1.18 2.17 3.18 4.18 5.08 5.96 6.96 7.96 8.96 9.13 9.39 Average

Shrinkage 1 0.69 1.04 1.16 1.63 1.46 1.13 1.21 1.32 1.3 1.5 1.21 0.92 0.96 1.19

Shrinkage 2 1 0.26 0.38 0.44 0.84 0.93 0.8 0.28 0.35 0.4 0.9 0.66 0.91 0.63

Shrinkage 3 0.59 0.52 0.28 0.7 0.3 0.56 0.17 0.74 0.88 0.83 0.52 0.9 0.54 0.58

Shrinkage Total 2.28 1.82 1.82 2.77 2.6 2.62 2.18 2.34 2.53 2.73 2.63 2.48 2.41 2.40

Side B

Pos 0.6 0.93 1.18 2.17 3.18 4.18 5.08 5.96 6.96 7.96 8.96 9.13 9.39 Average

Shrinkage 1 1.47 1.66 1.07 1.98 1.75 1.57 1.61 2.09 1.52 0.97 1.23 0.97 1.02 1.45

Shrinkage 2 0.33 0.11 0.64 0.21 0.67 0.2 0.51 0.35 0.35 0.63 0.43 0.64 0.57 0.43

Shrinkage 3 0.54 0.47 0.3 0.31 0.68 0.82 0.5 0.94 1.12 0.9 1.08 0.48 0.71 0.68

Shrinkage Total 2.34 2.24 2.01 2.5 3.1 2.59 2.62 3.38 2.99 2.5 2.74 2.09 2.3 2.57

▪ Average welding shrinkage between 2.4 and 2.6mm

▪ Half of the value given from the first TIG pass

▪ Measurement accuracy to be improved in the coming weeks thanks to ongoing developments

https://edms.cern.ch/document/2691438


Manufacturing and Test Folder (MTF)

17
List of assets used to assemble the cold mass and its sub-components

Relevant manufacturing 

steps with their associated 

reports

Manufacturing documentation 

including eventual NCR

Parent and child attachment 

traceability 



MBRD Magnets changes proposal for the series

▪ Screw restraints: use Nordlock rather than tab washers

▪ Instrumentation wires guiding pieces: not needed on the sides

▪ Fiducials: enlarge to Ø12H7 with an additional one on top, radial 

positions to be revised 

▪ Gutter for busses : 

▪ Enlarged slot on the connection side end plate, add two threaded holes

▪ Ensure the key welding fillets are not protruding into the gutter area

▪ Splices shall be insulated with Kapton inside the boxes

▪ Voltage tap fibre glass sleeves shall be fixed immediately after the 

connection, this has to be soldered on the super conducting cable 

rather than copper stabilizer

▪ Leads/cold bore clearance must be maintained during coil fabrication 

▪ Try to improve extremity plates parallelism during the assembly

(up to 3mm difference measured during reception)

▪ Magnet Id engraving on both extremities, no stickers 18



MCBRD Magnets changes proposal for the series

▪ End plates chamfer removal and diameter equal to the yoke to 

prevent shell deformation

▪ Nordlock rather than stycast

▪ Review insulation covers to prevent damage from the lifting beam 

jaws

▪ Comb boxes to house voltage-tap splices to be added on the 

magnet extremity plate (see drawing LHCLMBRDE0141) 

▪ Consider a review of the voltage taps routing to prevent any short 

taking into consideration that machined G11 sharp edges are very 

abrasive

▪ Magnet Id engraving on both extremities rather than an additional 

plate
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Open Points in March 2021
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✓ MBRDP was delivered in Oct the 21st , work on the cold

mass started in Dec the 6th after NC correction, cold bore

tube insertion trials, strain gauge measurements and

issues with the overed crane solved in the facility.

✓ Yoke measurements to define the magnet geometry, no

need for the PVC tubes

✓ Pieces procured by SMT

✓ Orbital TIG was chosen after investigation, welding

qualification ongoing

✓ Tooling assembled and operational, procedures are

defined, to be tested and fine-tuned

? First results after the cylinders welding, magnets

alignment in the yoke can be improved.WP3 meeting in 17/03/2021 https://indico.cern.ch/event/1012677/

https://indico.cern.ch/event/1012677/


Summary

▪ Cold mass design for prototype and series ha been completed as well as fabrication

and assembly drawings.

▪ Prototype cold mass design was reviewed to fit present cold test station in SM18 in

order to test the MBRD prototype asap.

▪ Longitudinal welding process development to harmonize the WP3 cold masses in

particular the Q2

▪ Assembly procedures and control steps were developed prior to the prototype

assembly that is followed and documented day by day by LMF-QA.

▪ Components and tooling were prepared in advanced and are being proven.

▪ Assembly will be paused beginning of next week to solve issues with longitudinal

loading  Cold mass delivery for cryostating expected beginning of April
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Spare slides

22



LMBRDP D2 Prototype Cold Mass
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MCBRD magnet at reception
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MCBRD inside the shell
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MBRDP alignment 

on the transport frame at reception
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MBRDP alignment 

on the assembly bench
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MBRDP alignment 

inside the shell on the  press conveyor
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