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Mechanical and Materials Engineering EN-MME group at CERN
Domains of Activity

Service working as support
for CERN-wide users

Broad and advance fabrication technics

[——

Online monitoring and advanced
simulations benchmarking

Metallurgy and Microscopy
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Digital Twins : MME Know-how & Focus

Know-how from design, to production and qualification of mechanical systems

Inspections — .
(DT, NDT, Mechsgﬁ;a]
« CMM) |

Collaboration and interaction with

+ other CERN stakeholders
sl  Smuatons  Universities, Laboratories, Institutes, Industry. In the form of
: 1al
J measurements MME GOAL fOF DT is to reach readiness for tackling Digital Twins for CERN users, of

bespoke mechanical systems

J OO « awareness and experience on DT break even point
* maturity to interact with partners for high level DT
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Proof Of Principle : DT Structure

bAQ Models of I'T‘hysit.:al Twins QA on Physical Twins
Multiphysics Prod History
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Proof Of Principle : HL-LHC CRAB - Support Blades

(FBG
1588 nm)




Lucie BAUDIN - EN/MME CERN

O FCC gt June 2023 FCC Week 2023 Digital Twins of Mechanical Components

mf: Proof Of Principle : Sims and DAQ

I Experimental measurement campaign
at EN/MME mechanical lab

Movable Post-treated data from
along Z DIC measurement ]
Parametric simulations based on Finite Element Method o
T
i Blade T
I z
| XY Table \Loed Cell Strain Gauges w;g

Clamped Edge
/ Post-treated data from
: Handy Scan measurement
I
Undeformed shape s B
Appllcatlun of the = 6
Transversal Force 4 n { 3
\nsys o
- I i
/i » 4

Post-treated data from
Simulation
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DAQ

‘ ‘ Proof Of Principle : Supervised Training

N J - /
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Validation
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DAQ Deployment
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Proof Of Principle : DT deployment on GUI

15 Digital_Twins_Plate_Lucie - Grafs X -+ ~ - x
<« C (¥ @& mmlweb.cern.ch/d/coUmm-adk/digital_twins_plate_lucie?orgld=18from=1678809750000&t0= 1678810020000 a e vwnw B EeS» =0 Q H
1 1 1 H B vin / Digital_Twins_Plate_Lucie W @ @ < O 2023031417.0230102023031417.0700 ~ > @ & - O
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JOF . Measurement Displacement
E 3| Meas. \ Control of Load Max Eq. Stress:
g accuracy Augmented
31 : ' 21.6 MPa ) Information
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0 7
0. Force Amplitude Prediction

"~ TimeTs]

Detection of
“untrained”
situations

Deformation Under Load Prediction
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Digital Twins of Mechanical Components

Lucie BAUDIN - EN/MME CERN

FCC-ee Arc Cell Challenges

Short Half Arc Cell = 26 m__x 2944 in total = x 368 per sector

Challenges for design of the arc’s components
Size for the facility:

+ = 3000 Arc Half cells

» Booster + Collider

All

Booster
Phases

. Httbar
Collider pp_ces

High Radiation level

A
L Gain time, Limit the doses:

« Automatized installation/maintenance operations
L. . Booster Supports
Cost optimization:

* Reduce the number of components

» Develop simple and robust components for high reliability

Needs to invest resources on the engineering smart & cost
effective components

Mock-up to be build end of 2025:

* Installation/Operation procedure (robot accessibility...)

* Instrumentation/Test

« Simulation’s benchmark

D

15mo,5m

Booster Dipole \

I I i I

11,1m

=10 m

=10m

Booster Sextupole

Booster Quadrupole

Collider Dipoles

Collider Sextupoles

Collider Quadrupole

Collider Girder

Jacks Supports
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FCC-ee Arc Cell Challenges

Challenges for the alignment and survey (H. Mainaud Durand’s talks in Academic Training, FCC 1S Workshop)

Tolerances of mechanical alignment before
Beam Based Alignment

Type AX AY APSI
(pm)  (pm)  (prad)

“Arc (|u;u‘lT|minr~; 50 50 300

Arc sextupoles™® 50 50 300

Dipoles 1000 1000 300

Girders 150 150 -

IR quadrupole 100 100 250

IR sextupoles 100 100 250

BPM** - 100

* misalignment relative to girder placement
** misalignment relative to quadrupole placement

L Needs for R&D:

Development of specific alignment strategies and methods
for the smoothing and maintenance of the alignment:

+ Permanent geodetic network (development of SLB)

» Survey Wagon (FSI, Laser Trackers)

Ground Stability
Brand new tunnel :
* unknown ground motion

Thermal Stability

Temperature gradients

* Air: +8°Cin108 m / -6°Cin10 m (EN/CV)

» Cooling Water: AT = + 25°C (TE/VSC, TE/MSC)

Pre-alignment of 3000 girders:
+ PACMAN-like strategy for fiducialisation
 Stability during storage, transport and installation

11


https://cds.cern.ch/record/2812455?ln=fr
https://indico.cern.ch/event/1203316/contributions/5125322/attachments/2561632/4415400/FCC-alignment_options_dec22.pdf
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Context for a Digital Twins related to
FCC-ee Arc Cell Mock-up

CLIC Lab Module is still assembled at CERN

Context: preliminary assembly of FCC-ee collider Short Straight Section
available in the coming months 1. TEST STAND: HVAC
3 . R 1. TEST STAND: heating system

Study on the influence of temperature on the magnet center
position:

Temperature measurements by varying:

* Ambient Air Temperature

* (Air Flow)

* Magnet Powering

* Synchrotron Radiation

Measurement of the magnet center position

Results: Displacement

Drivebeam oeqanly

Benchmark of FEA:
Validation of the thermal and mechanical of girder assembly behavior

Digital Twins:

uuuuu “ ——
Prediction of the magnetic axis displacement during operation ’

Longhudinal {men]

Pre-correction (offset) applied during pre-alignment of each component
on the girder
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Study on the influence of storage, transport and installation parameters on the
magnet center position:

Storage conditions
» Thermal cycles during the storage of the pre-aligned girders

Vibration during Transport dans Handling

+ Vibrations exposed to LHC components (cryomagnets and detectors) have been
characterized

» The mis-alignment after controlled vibrations to be characterized

Installation in a specific environment in the FCC tunnel
» Tilt (1% slope in the FCC tunnel) —The mis-alignment to be characterized
* Ambient temperature controlled by ventilation cf EN/CV

Digital Twins:
Prediction of the magnetic axis displacement during storage, transport and
installation...

Pre-correction (offset) applied during pre-alignment of each component on the girder

Lucie BAUDIN - EN/MME CERN

Context for a Digital Twins related to
FCC-ee Arc Cell Mock-up

-
-
.,

Transport of the CMS Tracker
Crane Operation

Accslor

Prepared by : M. Guinchard Edms No. 790498
Mechanical Measurement Laboratory

Jean-Pierre Corso - CERN /11.06.2014

13
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Conclusion & Next Steps

Digital Twins is a new tool with great potential ...

... also for mechanical components !

Advantages of Digital Twins vs traditional modelling & measuring uses:

* live data

« Component’s parameters that would not be instantaneously accessible
Sensors optimization

Operation optimization (for components that are difficult to access or

those failure is critical )

Great interest for FCC mechanical components !



Thank you
for your attention,



Materials & Mechanical Engineering

EDM
Engineering Design & Measurements
O. Capatina

EDS
Engineering Design & Simulation
A. Bertarelli

ES
Fabrication Methods & Subcontracting
A. Dallocchio

FW
Forming & Welding
G. Favre

MA
Machining & Maintenance
M. Garlasche

MM
Materials, Metrology & Ndt
S. Sgobba

— Organization and Domains of Activity

The mandate of the MME group is to provide to the CERN community specific
engineering solutions combining mechanical design, fabrication and material
sciences, using in-house and industry facilities, for accelerator components
and physics detectors

Design Office

Engineering Unit

Mechanical Measurements Laboratory
» 40+ designers and 15+ engineers

Mechanical workshop (4000 m2)

* 60+ technicians and 10+ engineers

* CNC machining . Assembly & Metal forming

+ Welding (TIG, MIG, EBW, laser) & Vacuum Brazing
Technical Subcontracting unit

Material science consultancy

» Metallurgical analyses, microscopy including FIB,
Mechanical tests

NDT: UT, radiography, microtomography

Metrology: 350 m2 Lab., several CMM
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HEIGHT: 5.1 METER
OUTSIDE DIAMETER :2.2 METER
MASS: APPROX.16TONS.

EN-MME — Design Engineering .

SAMPLE CURRENT

MAGNET
CURRENTLEADS CONNECTION energy_sweep(1)=1.5] Surface: Temperature (K)
INSTRUMENTATION
CRYO CONNECTION A 47
(INNER CRYOSTAT) SSAFETIDEVICES
4.7
LAMBDA PLATE
RADIATION SCREENS
(INNER CRYOSTAT) 4.68
VACUUM VESSEL 4.66
(INNER CRYOSTAT) HELIUM VESSEL
(INNER CRYOSTAT) 4.64
4.62
CRYO CONNECTION
(OUTER CRYOSTAT) THERMAL SCREEN 4.6
(INNER CRYOSTAT) )
4.58
LAMBDA PLATE
(OUTER CRYOSTAT) SAMPLE HOLDER 4.6
20000405
FRESCA 2 Lo
THERMAL SCREEN -4 0006405
(OUTER CRYOSTAT) Cryostat 50006405 o
e
80006405 s
13TMAGNET v45
1 0000406
nermet H
HELIUM VESSEL ks x ;‘zj FCC SWELL cavity
(OUTER CRYOSTAT) ki

Time 1.442E-004 ms
Units mm, mg, ms

Multiphysics RF-Thermal simulations

VACUUM VESSEL
(OUTER CRYOSTAT)

Type: Directional Deformation(Y Axis)

SAMPLE HOLDER ;
ALIGNMENT SYSTEM Unit: mm
Global Coordinate System -
CRYOSTAT Time: 6
ALIGNMENT SYSTEM Custom
Max: 0.32604
Min: -6.6525

23/08/2021 11:46

0.32604
E -0.44936
-1.2248

-2.0002
2.7755
3.5509

-43263

-5.1017

-5.8771

-6.6525

Design of complex mech. systems

Advanced computations, multiphysics
analyses (e.g., explicit simulations of
fast/large deformation events)

Fabrication technologies
ATLAS bellows forming LS-Dyna simulation CMS-HGCAL
Simulations of large structures
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EN-MME — Mechanical Workshop & Metrology

Its core mission is to provide service to the Organization for:
Urgent needs (repairing, tunnel interventions, urgent fabrication...)
Prototypes / proof of principle
Multi-technology fabrication projects

Metal Sheet
Working

Welding

18
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w020

DIGITAL TWINS - Proof of Principale Blade
CRNHZMW_9594 - WO10 / W020 - Pas de décalag

.
Ml

New Bruker Discovery X-ray Diffractometer during Ad Van C ed
microscopy,
microanalysis =

installation in Feb. 2021

< Crystallography

SEM ZEISS Sigma 500 equipped with an EDS Extreme Oxford
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EN-MME — Mech. Measurement Lab

Reference laboratory for mechanical and physical measurements (stress/strain, vibrations,
seismic, thermal properties ...) for a wide range of CERN components and facilities

Stress / strain analysis
Dynamic strain measurements
Residual stress measurements

Experimental stress analysis
Experimental modal analysis

Vibration monitoring
Vibration analysis / Operating deflection shape
Transfer function analysis

Transfer path analysis
Coherence length measurements

Measurements are used to Seismic measurements

Ny i Impact testing method
Mechanical testing Tensile and Flexural tests
Compression tests

« define input properties for design and FEA

» on real components: characterise, benchmark design predictions e ————
Specific Heat

Density and CTE

CERN-wide Support

Thermo-physical analysis

EDMS - TEST REPORTS

* in various environmental conditions (cryogenic temperatures, high radiation environment

Sensors development Load cell based on strain gauges

Displacement sensors

and high magnetic fields)

Optical fibre based sensors

| >
°
Zeo
=
0V/] = E
ClientXy Client Scope Client Analysis A S
A A A i i @

¥ v v v v

&
F
E
3
E

—
s1u013d9)3
juswainseay

Lab website with a virtual

visit

Data from every system are continuously streamed

and/or stored on the Cloud/DFS



https://espace.cern.ch/test-en-mme-mechanical-laboratory/_layouts/15/start.aspx#/SitePages/Home.aspx

EN-MME — Integrated Actlvmes HL- LHC Collimators

Fabrication

——

Online monitoring and advanced simulations benchmarking

Installed system

H

Component Testing (under particle beam)

The “protection” system of LHC and HL-LHC,
capable of absorbing the energy of an Airbus A320
flying at 520 km/h, concentrated in the cross-section of
a needle

N

Materials Science (novel materials R&D) with
Knowledge Transfer

Cross-department project, with international
collaborations, led by BE-ABP and SY-STI groups

Metallurgy and Microscopy

Mechanical Measurements (SG, FBG ..)

European

I Horizon 2030
Commission

European Union funding
for Research & Innovation




Proof Of Princip
DT Blade GUI Link

https://mml.web.cern.ch/d/ooUmm-
adk/digital twins plate lucie?orgld=1&from=1682666584446&t0=1682666643473
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Virtual Sensors:
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Augmented
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https://mml.web.cern.ch/d/ooUmm-a4k/digital_twins_plate_lucie?orgId=1&from=1678809750000&to=1678810020000
https://mml.web.cern.ch/d/ooUmm-a4k/digital_twins_plate_lucie?orgId=1&from=1682666584446&to=1682666643473

HandySCAN

* For smaller parts 50 mm to 4 m

* Better accuracy

* No need for the C-track

* Less invasive

HandySCAN 307" HandySCAN BLACK HandySCAN BLACK"“ | Elite

EXACTITUDE ™ Jusqu'a 0,040 mm 0,035 mm

PERFORMANCE VOLUMETRIQUE @

Da sur la taille des piéces

PERFORMANCE VOLUMETRIQUE
AVEC MaxSHOT Next*® | Elite ® DD ST

RESOLUTION DE MESURE

RESOLUTION DU MAILLAGE 0,200 mm

CADENCE DES MESURES 4800 esures/s 8( nesures/s

0,025 mm

m/m

0,100 mm

11 croix laser bieues

£ lase 3 7 ias eS
SOURCE DE LUMIERE 7 croix laser rouges croix laser bleues (+ 1 ligne supplémentaire)

CLASSE DE LASER

ZONE DE NUMERISATION 275 x 250 mm

DISTANCE NOMINALE
PROFONDEUR DE CHAMP
TAILLE DES PIECES

recommandeée)

310 x 350 mm

P )
l\( IYS},‘ /., ENGINEERING
WX /' DEPARTMENT

09 November
2022

Joint Seminar TE-VSC and EN-MME - New equipment at the Metrology lab

. -A. CHERIF

22
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FCC-ee Arc Cell Challenge

Short Half Arc Cell =26 m _x 2944 in total = x 368 per sector

H Booster All ese a s o o i
Challenges for design of the arc’s components Phases I I I | |
Size for the facility: ot IIIIIIIZI ¢ ¢
» = 3000 Arc Half cells 2 2L A . AA A A .
» Booster + Collider
Radiation level:
* 1year of FCC operation = 11 yrs of LEP operation Tolerances of mechanical alignment before Beam Based Alignment
Cost optimization:
* Reduce the number of sensors oreali © of 3000 g
« Develop simple and robust sensors Brand new tunnel : re-atignment o gire
P P + unknown ground motion + PACMAN-like strategy
. + Stability during storage
Gain time, Limt e doses: Tt -Cin10m (@Y
Automatized installation/maintenance operations . Co'oling Water: AT = + 25°C (TEVSC, TE/MSC) Development of specific a
i H ] . ! N . L. ! h H
Challenges for the alignment and survey (H. Mainaud Durand’s talks in-Agademic Training, FCEIS f‘mg‘:rénfnzgfgmegénéteigiz
m am wrad
WorkSho ) Arc quadrupole* “:’nll : (‘S(l ' U:mu ) ° Survey Wagon (FSI! LE
adrug
Arc sextupoles® 50 50 300
Dipoles 1000 1000 300
Girders 150 150 -
IR quadrupole 100 100 250
IR sextupoles 100 100 250

BPM** - 100

* misalignment relative to girder placement

** misalignment relative to quadrupole placement


https://cds.cern.ch/record/2812455?ln=fr
https://indico.cern.ch/event/1203316/contributions/5125322/attachments/2561632/4415400/FCC-alignment_options_dec22.pdf
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FCC-ee Arc Cell Mock-up

Lorem Ipsum Dolor

Past/On-going studies:
Conceptual design:

+ Take part in integration studies (Transport, Safety,...) SRR
« System’s interfaces (Magnets, Vacuum chamber, BPM) Bwsterm:Suwmw”’“\\
» Design of the supporting structure TR = ]

Collider Dipoles

» Design of the support
» Dynamic stability studies

Collider Sextupoles

Collider Quadrupole

Future studies:
Optimization of the mechanical supporting structure:
» Design Parameters
* Choice of material (mineral cast, damping fillers)
» Choice of the adjustment system

(after the definition of the alignment strategy)

Collider Girder

Jacks Supports




