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Quline

LMQXFB cold mass for the Q2A and B
= Interfaces

= Design

= Main Components Status

= Documentation

LMQXFBT cold mass to test the prototype MQXFB
= Review of the Ongoing Assembly
= First Results

Summary
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Close collaboration with many other work packages:
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WP3: weekly meeting at CERN, video-conferences with US-LAR
almost once every three weeks

WPG6A, WP7: Magnet Circuit Forum (MCF) once every two week
WP9, WP12, WP13: Informal meetings when necessary
WP2, 15: HL-LHC Integration meeting , WGA...
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LMQXFB design

Common design to accommodate Q2A
and Q2B slots in the IR1&5

Spare policy efficiency

Envelop and interfaces symmetry to the

longitudinal vertical plane

= Envelop and interfaces symmetry to the
transverse vertical plane to accommodate
a single vacuum vessel design

= Components standardization taking into

account Q1/Q3, CP, D1 and D2 cold

masses requirements a

=
=

Bus bars routing to
be interconnection

MCBXFB Instrum.
capillary

MQXFB Instrum.
capillary

Internal Bus ba

QXFB seen from the MQXFB LMQXFB seen from the MCBXFB
Hil i ’ C\ﬁw guadrupole connection side corrector connection side
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Latest and Ongoing Design Progresses 1/2

= Pole order engineering change request LHC-LMQXFE-EC-0001 now merged
with additional ECRs in a common document to provide a single reference to
the modifications and to make it compatible with TDR1.0 (see Felix’s talk)

= Protection scheme and V-Taps distribution according to discussions with WP7,
MPE, MP3 and the MCF

= Cryogenics instrumentation distribution in the triplet string in collaboration with
WP9

= Summarised in drawing LHCLMQXF_EO0001 from Q1 to Q3

= Splice box redesign to standardise tooling and
procedures (see slide 10 on LMQXFBT)

= Bus bars designed and produced by US-LARP
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Latest and Ongoing Design Progresses 2/2
= IFS capillary, CLIQ and k-modul

gtion leads routing from the cold mass interface outside the

See Delio’s talk for the routing inside
the cryostat

20 pins + Temp /) en eaee 56 piNs
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= Interfaces tolerance drawing based on ISO standards
= Ongoing work on the sc cable splicing (flat/flat and flat/round)

Hitum Y @)
wm . HL-LHC 9th Collaboration Meeting H. Prin




Plates

Shells

End covers

Supports
Heat exchanger
tubes

Cold bore tubes

Bellows

Cover Flanges

(IFS feedthroughs)
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HL-LHC Cold Masses
Main Components Status

1.4x11m Q1/Q3
1.4 x 10m Q2, D2Dip
1.4 x 6.5m CP, D2Corr

LHCLMQXF_S0001 Q2, D2D
LHCLMCXF_S0001 CP, D2C

LHCLMQXF_S0002 Q+CP
LHCLMBXF_S0002 D1
LHCLMBRDS0002 D2 CS
LHCLMBRDS0004 D2 LS

LHCLMQXF_S0007

LHCLMQXF_S0008 Q2
LHCLMQXF_S0022 Q1/3
LHCLMCXF_S0008 CP
LHCLMBXF_S0008 D1

LHCLMQXF_S0009 Q2
LHCLMQXF_S0025 Q1/3
LHCLMCXF_S0008 CP
LHCLMBXF_S0008 D1

LHCLMQXF_S0014 Quads
LHCLMCXF_S0010 CP-D1
8 references

LHCLMQXF_E0020 20pins
LHCLMBRDEOO78 48pins
LHCLMBRDEOO031 56pins

HL-LHC Yin COollaporauon ivieeting
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23
40
7

10
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30
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12
14

Drawing Nb Ordered Delivered Remarks
Qtty Qtty

Mar 20
Mar 20

First shell 4 month after plates delivery
:Last shells 3 years later

2 pairs for the Q1 and Q2 first cold masses
Nov 19
Jun 20

SST/Cu transitions machined,
Soldering starting on week 42,
BE welding to the tubes will follow

Tubes will be delivered in 6 batches from
Nov. 19 till Nov. 21

To be insulated at CERN by the LMF
busbars team

16 units in Nov 19 (for cold masses used in the string)
6 units in Nov 19
34 units in Mar 20 (see Delio’s presentation)
116 units in July 20
350 units in Nov 20

To be launched
MS in Nov 19 for a FC in Jun 20
Estimated delivery time ~32w

H. Prin




WPO03 - A d'une

YACA PROCESS DIAGRAI

LMQXFB Documentation

sw—= |« Flowchart diagram drafted and

M
froide LMQXFB page 3

DIAGRAMME DE PROCESSUS ASSOCIE AU MIP réf. XXXXXXX

presented to the Working Group on
Alignment (WGA).

= Associated MIP (Manufacturing and
Inspection Plane) under construction.

= Many Assembly Procedures can be

adapted from other cold masses
assembly (main dipole, insertion quad.
CM, 11T CM...).

. = Most of the specific Assembly

Procedures are establish and developed
during the LMQXFBT assembly. This cold
g s mass is only equipped with the
guadrupole magnet. The MCBXFB orbi
corrector relative alignment cannot b
\ assessed now.

Installer et pointer la frette
sur les aimants
(Opération X.12 du MIP)

Archiver le
rapport de
test dans MTF

MTF (Manufacturing and Test Fold
chosen tool to store and distribute

Controler |'acceptation
de la frette sous MTF

control reports
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LMQXBT cold mass to test

the first prototype MQXFB

T meﬂt

8100

Collaboration Meeting H. Prin

Scope of the project:

Providing a leak tight envelope surrounding
the MQXFB prototype magnet to perform cold
test horizontally.

Providing mechanical inertia, rigidity and
alignment in between aluminium shells,

Fitting and integrating inside an existing
Spare vacuum vessel.

Connecting to the existing test bench in
SM18.

Enabling magnetic measurements at cold,
eventually with beam screen inserted.

Housing electrical protection an
mechanical instrumentation and provi
interfaces to route the signals from 1.9K to R




LMQXFBT Cold Mass Assembly
MQXFB splicing

] g N

. wwdl
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Procedure, tooiling and comonents used for the I\/IQ-\XFS

Ongoing work to:

 Increase the distance between the cables
* Increase the distance to the HX tubes
 Increase the stiffness along the routing

-+ Standardize the tooling and procedures

HL-LHC 9th Collaboration Meeting H. Prin



LMQXFBT Cold Mass Assembly

Alignment blocks Upper shell installation and
and backing strip assembly tack welding to the alignment blocks

-

One iésue over the full length, a pin wés not properly
inserted = the block had to be machined to fit the default.

HL-LHC 9th Collaboration Meeting nx30x228



LMQXFBT Cold Mass Assembly

Transfer to the rotation bench

Transfer to the welding press conveyor
and rollover
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LMQXFBT Cold Mass Assembly
Geometrical and alignment measurements

Analysis::VG: Fitted Plane
Statistic dX dz MagXxZ
(mm)|  (mm) (mm)
Min -0.00 -0.07 -0.07|
Max 0.00 0.10 0.10
Average 0.00 -0.00 -0.00
StdDev from Avg 0.00 0.04 0.04
StdDev from Zero 0.00 0.04 0.04
RMS 0.00 0.04 0.04
z Tol Range -0.10]
0.10
- In Tol 42 (100.0%)
S Out Tol 0 (0.0%)
N &\\m\\\;\&m}\m = y / Count 42
s /R T / __ _
oy /// e / e Projection mode: Surface to Offset Point
—s ; Y .
N 1" 7
\\‘ .///

Excellent alignment kept from the initial assembly bench up
to the press conveyor cradles
= the shell inertia is transmitted to the magnet, it

Hilomi CE/RW prevents twist and longitudinal misalignment
HL-LHC PROJECT : HL-LHC 9th Collaboration Meeting H. Prin



LMQXFBT Cold Mass Assembly
Thermometers and Cryo-Heaters Installation

On the magnet surface series like  |On the magnet surface thermalized in the

s
NS &

el
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LMQXFBT Cold Mass Assembly
pper sheII installation, alignment and tack Weldlng

"'4 4 , Oj gy
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Restrains in the extremities to contain the
welding shrinkage need to be improved.
Spare aluminum shells with sharp carners will

be adapted and used.
ﬁ%@ e

Excellent fitting between the stainleg

| steel shells and the aluminum one

ing H. Prin




LMQXFBT Cold Mass Assembly
Lonaitudinal Weldinc

Welding without additional pressure
than the one given by the cradles
weight

5 [ [ 75 [ we o]
roorenr | A | smamr [ 7 [ wic



Shell Azimuthal and Coils Induced Stress
after Welding

* The measured delta coil pole 1001

stressis around -18 Mpa

* Consistent with the
computation 50

* According to the model
during cooldown around

Shell welding 00 B
» The measured LHVe stress 175 | 3 %
after welding ranging o
between 110 Mpa-175 Mpa 120y g

* Only 5 out of 12 measuring 125 513
points s 13
503

5

LHve Stress (MPa)

15}

25t

80 Mpa is lost from the LHVe 20 =T =T s
* The LHVe should be in contact &iFole Stress After Live (MPa)
if one has more than that -» = After LHVe FE A CE BottomTop Left
contact ensured ® LE Bottom Left/Right ¥ RE Bottom Left

Courtesy of EelisTapani Talaka

Hil i’ CE/RW
HL-LHC PH[}J_ECT \
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Cold Mass after longitudinal welding
llgansfer to the “finishin
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Software developments and debugging

between LabVIEW and Spatial
Analyser.

Cold mass automatic generation of the

travellers according to the measured
values.

HL-LHC 9th Collaboration Meeting
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LMQXFBT Cold Mass Assembly
Geometrical Measurements

8000

Where the cold bore tube is supported by the “pions”:
Xe[-0.17 , 0.09] o, = 0.068mm
Ze[-0.24 , 0.26] o, = 0.140mm
Extremities will be aligned towards the main axis after the end covers have been welded

Compared to LHC magnets, the stiffness increased due to:
= Cold bore tube dimensions (diameter and thickness)
= Aluminium shells inertia

Hiturni Y (§&
HL-LHC PROJECT \
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LMQXFBT Cold Mass Assembly

Extremities cutting

Welding preparation machining




LMQXFT Magnetic axis measurements
Allgnment to graV|ty

~0.4 mrad alignment reached
after one trial

Tooling to be enhanced to improve angular

adjustment

= Minimizing friction and effects

= Improving tooling alignment from one
vertical position to the other

oration Meeting H. Prin
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Magnetic angle

--after rotation

Courtesy of Lucio Fiscarelli
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3.0

4.0

5.0

MQXFB Cold Mass Assembly
Magnetic Measurements

Magnetic angle measured after shell
welding
Two different instruments

= Rotating coil scanner

= Stretched wire in AC mode

The initial angle was -0.55 mrad

Before welding the feet we rotated
the cold mass in order to correct the
small deviation

We rotated too much

= +0.6 mrad measured by using the
rotating coil at the center (z = 0)

= +0.4 measured by using the

stretched wire as integral along the
whole magnet

We think that we can improve the

correction before welding the feet




Next Steps
For LMQXFBTOO1 cold mass

18kA leads routing and CLIQ leads extensions (ongoing)
Cold mass closure aligning the various components
Final magnetic measurements
Pressure/leak test

= Cryostating and cold tests

In view of the series production

= Connection box improvement

= QH and V-taps wires routing and fixation

= “Light” tooling improvements

= Orbit corrector alignment bench in line with the MQXFB one
= Busbars installation procedure to be defined

= Welding procedures qualification

Lymi Y (G
wﬂ” $ HL-LHC 9th Collaboration Meeting H. Prin



Q2 cold masses tooling and assembly benches

@ Finishing area

® Pressure/leak tests bench
o

@630mm
cradles

© MCBXFB alignment and prep bench
(reception and preparation of the orbit
corrector magnet, not yet in place)

= !
i ‘ ©® MOXFB alignment and prep bench

(reception, electrical tests, geometrical
measurements, pole splicing, cbt and heat
exchanger pipes insertion, V-Taps and
instrumentation connections, thermometers
installation, tack blocks, backing strip ...)

by

k|
O MOXFB Coil pack insertion bench
(coil pack insertion, electrical test
bladders and keys insertions, magne

measurements)

|
1l B
!I

® Pipes preparation bench
(Cold bore tube, heat exchangers, instrumentation
wires preparation)

11T then CP
assy bench

ssy bench

© Shell and cold mass turning bench
(Shell preparation and rotation around its axis, cold
mass rotation after tack welding the first shell)




Summary

= Many interfaces with various partners, collaborations and WPs, regular
productive meetings and exchanges with close cooperation.

= Q2 cold mass design close to completion. Single version intended for the two
variants A and B sharing numerous components with the Q1, CP, D1 and D2
cold masses for HL-LHC.

= Main components delivery schedule fits the requirements but cover flanges
with instrumentation feedthrough could be an issue for the very first cold
masses.

= Procedures and documentation is being drafted thanks to the LMQXFBT
prototype.

= Very promising achievements in terms of geometrical and magnetic alignment
proving processes and large tooling foreseen for the series production.

= Light production tooling and procedures will be refined before the next
prototype assembly. Orbit corrector and busbars integration will be validated
then.

= CERN Large Magnet Facility ensures an adequate infrastructure to meet the

CP D2 cold masses production purposes.
Cum i - |
HL-LHC PROJECT HL-LHC 9th Collaboration Meeting H. Prin



Thank you for your attention
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Spare Slides
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LMQXFB Flowchart P.1

EOME 1. FEV. VALIDTTY
YACA PROCESS DIAGRAM [

WPO3 - Assemblage d'une masse froide LMQXFB page 1 (
DIAGRAMME DE PROCESSUS ASSOCIE AU MIP réf. XXXXXXX

Date: 2019-05-15

Nécessité d'assembler
une masse froide

Cpntmler visuellement Mesurer la lgngueur. | Effectuer \a préparation  Installer le kit de Conlmler le positionnement du
Iagsemblage aimant  entre plaque d'extremité des leads connections lectrigues ysteme de supportage  page 2
(Dperatlun X2 Gy MIP)  (Opération X.2 du MIP) (Operatlun x 2 du MIP) (Opemtlun X.2 du MIP) (0psvatlcn X, 5 P MIP)
N 3 &
> > > =y
i | Fiche de suivi LHC- % [Fiche desuiviLHC- . |Fiche de suivilHC-| & [ Fiche de suivi LKC- [ Fiche de suivi LHC-
RO B e b0 oo e XXX RO b7 oy
Pracédure LHC- Procédure LHC- Pracadure LHC- Pracedure LHC- Procedure LHC-
XHRXNHKK X0000¢ XHOKK XOKK XXKHK

[annozatien

Faire un point des Archiver le Archiver le Contrdler 'simant avant déplscement
NCR avec le rapport de rapport de ers le banc d'assembla
responsable technique test dans MTF test dans MTF " {Coération X.5 du MIP

Fiche de suivi LHC-

" Brecédure LHC-
XXX

) | |

Autoriser |'assemblage

de la masse froide
(Opération X.X du MIP)

1. Magnets Reception

Fiche de suivi LHC- Fiche de suivi LHC-
JODOOL JOO00C

“| Procedure LHC-

XXKAXK
4

| Procedure LHC-
XOOXRXK

Reéaliser les tests Réaliser les mesures madgnehques et transférer les  Réaliser les mesures
électriques de réce; on résultats dans |e ref de I'aimant de réception géomeétri g
(Operation X.3 du (Operation X.4 du M; (OpEratlun X.5 du MIP)

T
.5

2y - ( -

L

Manutentionner
I'aimant vers
l& banc d assemblags

g
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2. Magnets, Beam Pipe, Hea
Exchanger And Busbars Assembly

MQXFB Flowchart P.2

YACA PROCESS DIAGRAM

WPO3 - Assemblage d'une masse froide LMQXFB page 2
DIAGRAMME DE PROCESSUS ASSOCIE AU MIP réf. XXXXXXX

[ E REV. VALIGITY
[ REFERENCE

Date: 2019-05-15

Installer le thermométre
r les culasses rla culasse

Installer le tube faisceau  Installer les tubes échangeurs Installer les busbars Connecter la
(Opération X.7 du MIP)

(Opération X.7 du MIP)  (Opération X.7 du MIP) (Opération X.7 du MIP) (Operanon %.7 du MIP)

Fiche de suivi LHC-
o0

Procedure LHC-

XXX

\

Fiche de suivi LHC- Fiche de suivi LHC-

Fiche de suivi LHC-
Procédure LHC-

\ "thg de suivi LHC- I~

Procédure LHC [ Procedure LHC-
XXX

*| Procedurs Luc-
X0

(Opération X.8 du MIP)

lead

Fiche de suivi LHC-

Procédure LHC-
X000

Archiver le
rapport de
test dans MTF

Mise en place des blocs Pointer les clefs d'alignement
d'alignement sur vie MQXFE  su MCBXFE
(Opération X.7 du MIP)
. i ivi .
RO B oo
XK XHK0KK

Contréler 'acceptation
du thermométre sous MTF

Contréler le brasage de la lead
(Opération X.8 du MIP)

Contréler la position
des busbars cite connexion
(Opération X.7 du MIP)
(%) (%] >

Contrdler I'acceptation - Contrler I'acceptation des Contkl;u\er I’ accaptat\on des

du tube faisceau sous tubes échangeur sous M bars sous MT | Procédure LHC-
XXNAK

Fiche de suivi LHC-

Fiche de suivi LHC-

Contréler électrique
du thermometre
avant installation

<

Reéaliser les radlcdgraphies
. dela lea
(Opération X.8 du MIP)

0

o
w7

Page 1
Contrdler I'alignement
. des aimants
(Opération X.& du MIP)
% ‘.B

="
-

<
G

CERN
\\
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OGS MO REV. VALIGTTY
YACA PROCESS DIAGRAM [ ‘ ‘

WPO3 - Assemblage d'une masse froide LMQXFB page 3 (
DIAGRAMME DE PROCESSUS ASSOCIE AU MIP réf. XXXXXXX

LMQXFB Flowchart P.3
|
J

Date: 2019-05-15

(Opération X.9 du MIP)  (Opération X.9 du MIP) (Opération X.12 du MIP) (Opération X.12 du MIP) (Opération X,12 du MIP) (Opération X.12 du MIP)
B 5

r sy

Fiche de suivi LHC- %, [Fiche de suivi LHC- Fiche de suivi LHC- Fiche de suivi LHC- Fiche de suivi LHC- Fiche de suivi LHC-

Procédure LHC- Bracédure LHC- Procedure LHC- Procédure LHC- Brocédure LHC- Procédure LHC-
XXXXKX XXXXK XXEXK XXKHK XXKXX XXXKK

i . z -
E ( i . » ‘ 3 2 V
Former |a lead A Former les leads Installer et pointer la frette Installer le systéme de compensation  Retourner la masse froide A\igner la masse froide
Page £t les busbars traversant cC du MCBXFB surles aimants pour le retournement =t démontter le systeme de comp. lans les berceaux

Archiver le Archiver le
rapport de rapport de
test dans MTF test dans MTF

and Rotation

Contréler I'acceptation
de |a frette sous MTF

Fiche de suivi LHC-

Bracédure LHC-
XX

XXX
4 7|

3. Shell alignment, Magnets fixa

rlestests  Réaliser les mesures magnétiques et transférer les Mesures géométriques
. _gleciiques résultats dans le référentiel commun " des culasses
(Opération X.10 du MIP) (Opération X.11 de MIP) (Opération 317 du MIP)

" L} |
- Manutentionner la masse Manutentionner la masse
Toide vers I froide vers |
banc de retournement presse de soudage

Manutentionner
Ia frette
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4. Longitudinal Welding

LMQXFB Flowchart P.4

HL PADJECT

WPO03 - Assemblage d'une masse froide LMQXFB page 4
DIAGRAMME DE PROCESSUS ASSOCIE AU MIP réf. XXXXXXX

YACA PROCESS DIAGRAM

[ EDHE 1. REV. VALIDITY
[ REFERENCE

Date: 2019-05-15

Mettre en place
Page 3 ,_la frette supérieure

Installer les berceaux

supérie
(Opération X.12 du MIP)  (Opération X,12 du MIP)
(B

Insérer la masse froide dans la presse

se sous pression
(Opération X,12 du MIP)

Fiche de suivi LHC-

"] Procédure LHe-
XXAKKX

Fiche de suivi LHC-
"] Procedure LHC-
XAKHX

Fiche de suivi LHC-

" Procedure LHc-
XXXHX

Réaliser les soudures
longitudinales
(Opération X.14 du MIP)

Fiche de suivi LHC-

Bracédure LHC-
XXKKK

surlongueurs des frettes
(Opération X.16 du MIP)

Fiche de suivi LHC-
"] Procédure LHc-
XKAXK

Archiver le

rapport de
test dang MTF

Réaliser le controle
documentaire des soudures
(Opération X.14 du MIP)

Fiche de suivi LHC-

Archiver le Archiver le
rapport de mpc‘)urt de
test dans MTF test dans MTF

Tests électrigues sous
charge dans |a presses,
(Operation X.13 du MIP)

Fiche de suivi LHC-

4 Contréler les soudures
controle US, visuel)
Opeération X.15 du MIP)

Fiche de suivi LHC-

| Procedure LHC- Page 5
XXX

€l es
(Dpemtlun FHa MIP)

7

Reahser les tests

Mesures gecmagnemques
rés soudure

s de {Jﬂlﬁl’lt&
(Oneration X.18 04 1e)

|

\

Manutentionner
Ia frette ﬁ

Contréler I'acceptation
de |z frette sous MTF

n
-

Manutentionner la masse
froide vers Ja

zone de finition

CERN
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LMQXFB Flowchart P.5

O MO REV. VALIGTTY
YACA PROCESS DIAGRAM ‘ ‘
J

WPO3 - Assemblage d'une masse froide LMQXFB page 5 (
DIAGRAMME DE PROCESSUS ASSOCIE AU MIP réf. XXXXXXX

Date: 2019-05-15

Réaliser les usinages Souder les suprpprts Réaliser les soudures Alignement des tubes Réaliser les soudures Mise en place
Page 4 s extrémi de la masse froid des fonds faisceaux et echangeurs des brides et collerettes des lignes N1 et N2
(Opération 19 du MIP)  (Opération X,19 du MIP) (Opération X.21 du MIP) (Opération X.21 du MIP) (Opération X.21 du MIP)  (Opération X.21 du MIP)

i

7]

7
Fiche de suivi LHC- Fiche de suivi LHC- Fiche de suivi LHC- Fiche de suivi LHC- )F(l)(&i de suill LHC- Fiche de suivi LHC-

"] Proced
XXXKX

*[ Precadure LHC- “| Procedure Lhe- "] Precsdure e *[ Precadure LHC- *| Precadure LHC-
XXRAXXK KHAXX 200000 XXAAX XXO00X

Installation
supports FSI

Réaliser I'inspection Archiver le Archiver e
avant fermeture des fonds rapport de rapport de
(Opération X.19 du MIP) test dans MTF test dans MTF

Contréler I'acceptation Fiche de suivi LHC-

des supports sous MTF

5. Cold Mass Finishing

Fiche de suivi LHC-
Fiche de suivi LHC-
XX

| Procedure LHC- l ;Txcigure LHC-
XXXXX H

—

Tests électriques Mesures géométriques P 6
avant, fermeture des fonds . finals age
(Opération X.20 du MIP) (Opération X.22 du MIP)

1
-
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6. IFS & CLIQ Assembly,
Cold, Pressure & Leak Test Preparation

LMQXFB Flowchart P.6

YACA PROC

ESS DIAGRAM

WPO03 - Assemblage d'une masse froide LMQXFB page 6

EOME NG, VALIDITY

‘nev‘

|
[ REFERETICE m

DIAGRAMME DE PROCESSUS ASSOCIE AU MIP réf. XXXXXXX

Date: 2019-05-15

Installer I'1FS
(Opération X, 25 du MIP)

| Brocegure He-
K00

(Opération

Fiche de suivi LHC- 1

Connexions leads
cLQ
X, 25 du MIP)

Préparer [a masse froide
aux tests en pression
{Opération X, 27 du MIF)

Fiche de suivi LHC-

Procédure LHC-
KXXHK

Fiche de suivi LHC-|

Procédure LHC-

AKX

Connexians
au banc de test en pression
(Opération X, 30 du MIP)

A~ |, [Ficne de suivi Ltic-

7| Procédure LHC-
XXXXK

Archiver le
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MQXFB Cold Mass Assembly
Magnetic Measurements

= Measurement of the offset of the
magnetic axis with respect to
the mechanical axis

= Two different instruments

= Newly developed rotating coil
scanner (RC)

MQXFBP1 magnetic axis

1 = Legacy AC mole (AC)
- = New system is more accurate
2 [m] = Better than 0.1 mm
—RE R R NE AT = The magnetic axis is within 0.

mm the mechanical axis

Courtesy of Lucio Fiscarelli
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