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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.

e - NCTET 1Main chanqges with the series:

imﬂﬁm : Cryo-assembly turned by 180° 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
1 the cold mass rather than inside ‘

Bayonet heat exchanger rather than multipl :
finger version

=== Magnets longitudinal positions displaced
100mm (proposed 200mm for the series)

——)= Soldering of 3" lead to test each aper
individually
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Prototype Assembly Process & Status
HCLMBRDPO003-CR0O00001 Corrector Cylinder 1/2

= Alignment Transfer to the lower shell on the press

‘ HEHLL 2| epshtements MCBRDP1b V[-0.07, +0.18]mm, H[-0.16, +0.14]mm conveyor

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



Prototype Assembly Process & Status
HCLMBRDPO003-CR0O00001 Corrector Cylinder 2/2

MCBRDP2 & MCBRDP1b assembly, DeltaX values MCBRDP2 & MCBROP1b assembly, DeltaZ values

-
MCBR MCBR e 1
DP2 DP1b L
DP1b Mo suen
F
b L LT Vs
& WE \ o
. . "fv-’f}f\q_f*'
i o
| A ki L
Transfer to the lower shell on the press
conveyor (2nd trial) Upper alignment cradles installation Horizontal Alignment ~+0.15mm Total Vertical Alignment [-0.4,0.6]mm
Yaw <0.04mrad Pitch ~0.6mrad
Roll <0.2mrad

Shells longitudinal welding

Aluminium restraint cylinders Gutter installation, busses and Upper shell installation
installation instrumentation wires routing Cutting of the extremities

-



Prototype Assembly Process & Status
HCLMBRDPO002-CR000001 Separation dipole Cylinder 1/3

FR—— - l

Gonrecticn Side

V alignment within [-0.13,+0.17]mm

j . . - ‘ i H alignment within [-0.6,+0.4]mm
¥ Cold bore tube insertion trial in both apertures Alignment measurements 9 [ ]

Transfer the magnet into the

Transfer to rotating bench and
temporary shell Restraint alignment and welding turn the magnet upside down

h-—/



Prototype Assembly Process & Status
HCLMBRDPO002-CR000001 Separation dipole Cylinder 2/3

.....

i

Backing strip to the shell weld and
shims tack

.

Transfer the magnet and the lower Alignment measurements
shell to the press conveyor Temperature sensors installation

Y
#Z Y/ e

Remove upper shell
Install radial restraints
- \

Ubber shell insallation after developed
length-machining/adjustment
T

Cutting of the extremities
and backing strip trimming

Longitudinal welding

Gaps measurements



Prototype Assembly Process & Status
HCLMBRDPO002-CR000001 Separation dipole Cylinder 3/3

Third lead soldering between the two apertures
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N
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Here we are today




Next Steps

pointogs tes somoliss = | " Separation dipole cylinder tilt
poriage taor adjustment towards gravity
AT .
e — 1 = Welding of supports
| | }
e =
[
R [P—— [ i
Etape 2 : alignenent+tilt LUBRDOS Appui Appui . . . .
{on poatiton reculbe) Hﬂ ------- = Orbit correctors cylinder tilt
| = A | : = E : { adjustment towards gravity
1Ly spe_gound) - i K\Ml 1
<t L] o, (LT ﬁ ] Cold bore Tubes insertion
&) i == S —— | = Geometrical measurements
(= JURA | ]
@ [Er . |
Appul Appui Appul Appui
a -
& | Etepe 3 : Translation LHERDOS
+ goUdage arbital
|LuBrOCS| [LuBRODZ] . .
a
- — = Orbital welding of the two
E N cylinders
=l | | |
0 == ==z
i [Este.) [7ow] l gy l ‘
hj,/ Appui Appuil Apﬁ:i
‘ Hl Note : les dimensions sont données
\HL-LHC avac les frettes préparées pour la soudure
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Next Steps

(=]

Etape 4 : reprice de charge

R
[LuBROOS| | [LuBRDD2]
| | L
I\ T L T T F%‘"
JURA
e
Appui Appui Appui
AppU:
Etaps & : polntage
senelle LUBRDOS A sclech =
J' |LMBRDOS| | [Lmero2]| I_
G
e J——
T e |
| <= I
‘I T L ] 11 I\ T L.
JURA |
........ |
Appui Appiri Appul Appui
Etape 6 : soudage [T— S
des fonds - ~ pr=y=t=1hy
[tuemoos] | | [ [LuaAD02] 10
14 |
e va fua
|
= ‘
T L | | I— T 1 j 1
JURA
Appui Appui

Note : les dimenaions sont données

avec les frettes préparées pour la soudure =

= 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 cov




Tooling

Positioning and alignment of cylinders Orbital welding

= After evaluation of the different welding options, it wa
concluded to stay with the initial proposal: orbital TIG

= DMOS completed
= QMOS in April then testing in accordance with PED
= QS in April




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
= | HC-LMBRDP-FR-0019: Longitudinal welding report



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

= LHC-LMBRDP-FR-0015: LMBRDPOO1 Prototype cold mass assembly report
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(_2679760 DRAFT j‘
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Date: 2021-09-27

\
Production report

HL-LHC / WPO3

Cylindre Recombination dipole D2

ABSTRACT:

Ce document liste les opérations réalisées pour Isssemblage du cylindre D2 du D2
prototype (HCLMBRDPOOZ-CRD000D1).

Dans le dernier paragraphe, il liste zussi les actions correctives realisees afin de mettre
I'simant (HCMBRDPOD1-02000001] en canfarmizé suite sux problimes détsctds lors de ==
réception (voir rapport de réception EDMS 2663213).
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https://edms.cern.ch/document/2679760/

Welding report

EDMS: LHC-LMBRDP-FR-0019

v su00 6000
318 2971 4021 139 885
CTSTANCE AN TORE' DISTANGE YIKE EWD PLATE TISTANGE YOKE EAD FLATE
END PLAT FROM GRAVITY GEMTER o e 25 FROM QRAVITY CENTER (47.25)
[ B BT i
o] i
; .
Ll
£| = [CT1D)
4 ;| g L J
= =l 5 =
= 5 ==
5 g
| =
Yy b
g :
Ll il [5]0 i
NERET) 2 .. [l 28
7082 114+ TIG yelding shrinkags
8305
106008

Side A )
Pos 06 | 093 | 118 | 217 | 318 | 418 | 508 | 596 | 69 | 7.9 | 89 | 913 | 9.39 Average Total Weld shrinkage
Shrinkage 1 060 104 116] 163 146] 113 121 132 13| 15 121 o092 096 1.19 >
Shrinkage 2 1| o026] o038] o044 o84 o093 o8 o028 o035 04 09 o066 o091 0.63 33
Shrinkage 3 050 o052 o028 07 03] 05| o017] o074 o0ss] o083 o052 09 o054 0.58
Shrinkage Total 228 182 18| 277 26| 262 218] 234 23] 273] 263 248 241 | 240 | 3
29
Side B
Pos 06 | 093 | 118 | 217 | 318 | 418 | 508 f 59 | 69 | 796 | 89 | 913 | 939 Average 27
Shrinkage 1 147] 16| 107] 198 175 157 1ei] 209§ 152 o097 123 097 102 145 Js
Shrinkage 2 033 ou| o064 o021 o067 02 osi] o3s] o035 o063 o043 o064 o057 0.43
Shrinkage 3 054 0471 03] o031 o068 o082 o5 osaf 112 o9 108 o048 o7 0.68 23
Shrinkage Total 23] 224 201 25 33| 250] 262 338 299 25 274 209 23 [257] .
1.9

Average welding shrinkage between 2.4 and 2.6mm ° ' ’ ’ ‘ : ° ’ :

—8—SideA —@—SideB

) Half of the value given from the first TIG pass
g LE&LPJHEJQT[ @ Measurement accuracy to be improved in the coming weeks thanks to ongoing developments
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Manufacturing and Test Folder

MTF

Equipment Management Folder

Actions : Show NCR Raport

2 HCLMBRDPO001-CR000001 - Cold mass D2 (prototype)
= HCLMBRDP002-CR000001 - Cold mass cylinder with sepz

HCMBRDP001-02000001 - HL Recombination Dipole (D2)
HCMBRDC001-02000002 - Aperture V2 (MBRDP)
HCMBRDC001-02000003 - Aperture V1 (MBRDP)

= HCMBRDP002-38000001 - ALUMINUM ALLOY SLEE
HCMBRDP003-02000001 - IRON YOKE

5 HCMBRDP004-02000001 - INSTRUMENTATION
HCMBRDP005-02000001 - LONGITUDINAL PRECOM

HCMBRDP006-02000001 - C CLAMPS

% HCMBRDP007-02000001 - C CLAMP WELDED PLAT
&y HCLMQXF_S001-AP000004 - MQXFB SHELL Q2 PROTC
g HCLMQXF_S001-AP000101 - MQXFB SHELL Q2 PROTC
gy HCQITESCXT-CR025080 - Cryo Thermometer (A1, UP)
—gy HCQITESCXT-CR025040 - Cryo Thermometer (A2, UP)
¢ HCLMBRDP003-CR000001 - Cold mass cylinder with orbit cc
% HCMCBRDP01-CR000012 - MCBRDP Prototype Correctc
HCMCBRDC02-CR000001 - MCBRD Prototype Coil A
HCMCBRD_C03-CR000001 - MCBRD Series Coil Ass
Erggy HCMCBRDP41-1U000001 - MCBRD Prototype Magnet As
Bz HCMCBRDCA411U000001 - MCBRD Prototype Coil As
By HCMCBRDCA411U000002 - MCBRD Prototype Coil As
iz HCMCBRDPA42-U000001 - Fix End Plate (CS)
HCMCBRDP434U000001 - Free End Plate (NCS)
iz HCMCBRDP44U000001 - Yoke Lamination
HCMCBRDP454U000001 - Iron Key
[~ HCMCBRDP46-U000001 - Hybrid Yoking Key Assem
[~z HCMCBRDP48U000001 - Yoke Rod
iz HCMCBRDP50-U000001 - Coil Insulation Ring (CS)
iz HCMCBRDP51-U000001 - Coil Insulation Ring (NCS)
= HCMCBRDP524U000001 - Voltage Taps Duct Protecti
iz HCMCBRDP54U000001 - Current Lead Duct
HCMCBRDP56-U000001 - Current Lead Cover Duct
[~ HCMCBRDP53-U000001 - Wire Sharing Box
iz HCMCBRDPE0-1U000001 - End Plate Wire Cover
'—z HCMCBRDPE11U000001 - End Plate Cover Kapton Sl
&y HCLMCXF_S001-AP000003 - HALF SHELL CP
gy HCLMCXF_S001-AP000004 - HALF SHELL CP

* Equipment Folder: Manufacturing Workflow

Equipment Identifier: HCLMBRDP002-CR000001 m

Other Identifier:

Description: Cold mass cylinder with separation dipole

(prototype)

Actions: Add extra step

Manufacturing

Workflow Diagram

(Workflow Steps
Stept1|R/E |Other name |Description

é (0] Metralogy on assembly bench
(0] Aperture 1 cold bore insertion (*)

0 Aperture 2 cold bore insertion (*)

(0] Magnetic measurement
(0] Geometrical measurement on the craddle (*)
Geom. meas. on the craddle sfter revarsal (%)
(0] Elactrical tests befare welding

(0] Longitudinal weldings

(0] Electrical tests after welding

(0] Aszembly report

BBERBEIBIEER

OO0

=
=}
=]

Documants.

(0] Electrical tests after AL CET insertion and after A1 CET removal (*)

(0] Elactrical tests after A2 CBT insertion and after AZ CBT removal (¥)

Home | Help | EDMS Portal | News | Login

Search: Equipment | Location | Slot | Systam

Last Repeated|
!Status |Result |NC
ke

Lace O
Donaly, Ok
Dons U
Pending

Done Ok
Done Ok
Done Ok
Done Ok

Done Ok

Done Ok

Done Ok
Pending

€3 CERN - European Organization for Nuclear Research

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

. © CERN - 2022-02-11 19:12:46|

(MTF)

Parent and child attachment
traceability

Manufacturing documentation
including eventual NCR

Relevant manufacturing
steps with their associated
reports




MBRD Magnets changes proposal for the series

_MBRDP1 ! = Screw restraints: use Nordlock rather than tab washers
> & . = Instrumentation wires guiding pieces: not needed on the sides

Fiducials: enlarge to @12H7 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 fabrica

Try to improve extremity plates parallelism during the assembly
(up to 3mm difference measured during reception)

Magnet Id engraving on both extremities, no stickers




= 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 LHCLMBRDEO0141)

= 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 addition
plate



Open Points in March 2021

¥ MBRDP was delivered in Oct the 21st, work on the cold
mass started in Dec the 6" after NC correction, cold bore
tube insertion trials, strain gauge measurements and
issues with the overed crane solved in the facility.

Open Points

MBRD delivery state, date, shipping frame details?
MBRD PVC tubes can be kept in the apertures?
MCBRD extremity pieces?

Alignment references magnetic or mechanical?
Investigation and testing between the 3 orbital welding options.
Supporting during the orbital welding?

Can the tolerance range in the range in the TDR be rela
8.6 Twist

¥ Yoke measurements to define the magnet geometry, no
need for the PVC tubes

¥’ Pieces procured by SMT

v' Orbital TIG was chosen after investigation, welding
gualification ongoing

After the completion of the cold mass assembly and welding, the geometric axes of the
two cold bore tubes may not lie in a perfect plane. At any point along the arcs and the straight
ends of the cold mass. the local twist shall be within + 3 mrad relative to the plane containing
the theoretical geometric axes V1 and V2. The average tilt shall stay inside 1 mrad.

¥' Tooling assembled and operational, procedures are
defined, to be tested and fine-tuned

8.7.1 Correctors MCBRD

The corrector MCBRD magnets shall be positioned with respect to the straight ends of
the theoretical geometric axes to within + 0.3 mm.

? First results after the cylinders welding, magnet
WP3 meeting in 17/03/2021 https://indico.cern.ch/event/1012677/ alignment in the yoke can be improved.



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

¢ Ly



Spare slides




LMBRDP D2 Prototype Cold Mass




MCBRD magnet at reception
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MCBRDP1b : Alignment check at the reception MCBRDP2 : Alignment check at the reception
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MCBRDP2 & MCBRDP1b assembly, DeltaX values —e—NICBRDPZ
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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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