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Mechanical & Materials Engineering (ENMME) GroupMandate:

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

Particle Beam Impact: comparison between simulation and experiment

F.E. Calcs ——— et
Live Acquisition system
by MME Mech. Lab

Material testing
pre and post-irradiation
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Thermal Management Materialss MoGr and

A Materials industrially produced by spark plasma sintering (graphite ~90-95 vol.%):
In-plane W

A cCatalytic graphitisation + througkplane reinforcementY very high thermal conductivity; O sl N
improved mechanical properties vs isotropic graphite
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Flexural st ptlre (%) |0.18-0.26 | 0.45-0.72 0.33 0.42 MoGr parts machined for HIHC
collimators
can match semiconductors
x Copper \ )
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Mechanical & Materials Engineering (MME) Group :
doma|ns Of aCt|V|t|eS https://en.web.cern.ch/group/MME

A Largest design office at CERN using computeraided design (CAD)
software 40 designergStaffandIndustrialSupport)

A Engineering Unit : Advancedcalculationsanalysesndnumericalsimulations

A Mechanical Measurements Lab: stressand strain, pressure,vibration and
thermo-physicatcharacterisatior{4 K 8 RT 8 2000°C).

Design, Simulations
and Measurements

Fabrication A 4000m? of internalworkshop facilities with state -of-the -art equipment,

AMachining & Maintenance 50 technicians(Staff and Industrial Support) CNC machining,sheet metal

APreparation & work & welding, electron beam & laser, vacuumbrazing, metallic additive
Subcontracting manufacturing

AAssembly & Forming A External subcontracting service.

A Material selection, analysis & metallurgy : optical microscopy, FIB, SEM,
XRD, thin-film characterisation,mechanicaltesting (4 K 8 RT) and failure

Materials, Metrology & analysis
NDT A NDT : ultrasoundsradiographymicro computedtomography
A 350 m? of internal metrology facilities : 3D Coordinate MeasuringMlachines
(CMM)
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https://en.web.cern.ch/group/MME

MME Mechanical Workshop

A real heritage of CERN (1957-2024)
Guaranteeing 70 years know-how in fabrication of mechanical
components for accelerator and experiments

Aerial view of bld. 100 (~1957)

Its core mission is to provide service to the Organization for:
A Urgent needsOJ =H9 AJAF?/] LMFF=D AFL=JN=F
A Prototypes / proof of principle

A Multi -technology fabrication projects

Subcontracting to industry
Knowledge Transferto external collaborations and industrial partners
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EN-MME: MulttTechnology Skills and Expertise

F -N=JNA=OH
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Machining Technologies

Multi-axis machining5-axis Milling / 4-axis Turning, angled heads

CMZ TC25(2016)
©580x1350, Y140

/

Attainable features :
Accuracy few pm
Roughness (Ra / Sajlown to few nm

Capable workpiece dimensionsl:cm?up to6 mx4 mx 3.5 m// up to 20 tons
o

WFL M40 (2020)
©2520x3000, Y250
(milling-tuming Hembrug (2017)

HERMLE C52 MT

1000x1100x750
2000k

)00kg
2016

Waldrich TAURUS 30
6000x4000x3500
40000kg

= ‘i N ﬁ"ﬁ
Large Milling Centers Hall (bld. 156)

DMG Mori DMU50

500x450x400
500kg
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Machining Technologies

Multi-axis machining5-axis Milling / 4-axis Turning, angled heads

Attainable features :
Accuracy few pm
Roughness (Ra / Sajlown to few nm

Capable workpiece dimensionsl: cm?up to6 mx4 mx 3.5 m// up to 20 tons

— L
e ————— L

5-axis Milling ConFlat Flange Knife
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Complementary Technologies

Spark Erosion

A Wire EDM % axis) :

o0 Taper angle£ 29 max), Rotary axis (8120 max)

0 Attainable features: Accuracy down to5fi, Ra 0.2
A Die sink

0 Attainable features: Ra 0.8

Additive Manufacturing (SLM) Typical Applications:

280 x 280 X 360mM3 Lightweight, Complex components, cooling

Volume

channels, small series

Materials: Titanium . :
(gr.5), Stainless Steel Fast Wire Scanner
316L, Niobium (Tigr.5)

|

" HOM Coupler DQW
7" (Niobium)
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Sheet Metal Forming & Joining Techniques

Widevariety of technologies & equipment :

A Rolling, Bending, Deep Drawing, Spinning

A Arc welding (TIG, MIG, Plasma), Beam welding (Electron Beam & Laser Beam)
A Vacuum Brazing & Thermal treatments

Strong emphasis on welding/brazing quality (ISO 3834 approach)

Specific knowhow for onsite interventions in accelerator complex and Experiments

High precision forming & welding

! ENGINEERING
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Sheet Metal Forming & Joining Techniques

Widevariety of technologies & equipment :

A Rolling, Bending, Deep Drawing, Spinning
A Arc welding (TIG, MIG, Plasma), Beam welding (Electron Beam & Laser Beam)

A Vacuum Brazing & Thermal treatments

Strong emphasis on welding/brazing quality (ISO 3834 approach)

SpeC|f|c knovvhow for onsite interventions in accelerator complex and Experlments

ra@f{ﬂwp/' .

3
<{/ ENGINEERING

KD
<D DEPARTMENT

L 19 omia's 0VaTa aVa VAt



Fabrication Process Simulations

Easier and faster transition from process conception to produced partsess costs
A Streamline tool design activities and choice of process parameters

A Optimisation of trial phase
A 0O=<M;: LAGF G> | A@WGME9F =JJGJAA O: GEHD=P L9KCK 9F

A Better reproducibility & traceability

L.

llllll
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CAMBased: Cinematics, Process Parameters & Tools e

Multi-axial Milling & Turning, Wire Erosion, EB Welding




Dimensional Metrology

State of the art equipment to cover the full dimensional metrology. Accuracy from submicron. Size up to the several metres

Optical & Laserssysiems Computer plomography
MetraSCAN. HandySCAN ZeissMetrotomCT 1500

A Accuracy65 uma80 um Accuracy 9 E+ L/50

A Compt Size0.2 m36 m Compt Sizen 430 x 800 [mm]
Voxel ~7 um

Integr. Thckn: Steel 50 mm

o T Do I

§
|
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Most accurate equipment :

Leitz PMMC Infinity

A Accuracyof 0.3 + L/1000 [pum]
A Airlockenvironment to maintain T and
humidity conditions (VDE/VDI 2627)
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Metallurgy, Mechanical Measure

ments & NDT See also EN-MME-MM

! = 2
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https://en-mme-mm.web.cern.ch/

MME Subcontracting Service:

A In close collaboration with the CERN

Procurement Group =i s O Q
A Strong contribution to balance the industrial . LN\ B el R
return o CeE e T ) T @
et . \ / / f / B -‘LHC wall bracket

A ~1500 contracts/year (~10MCHF) ﬂ
~40% of subcontracted production @D
for mechanical components @ CERN

CLIC components

Subcontracting: g
~ 40% of semi-finished parts 1 | gzt
~ 60% of finished / turnkey components '

Industrial Partners in all Member States

1ITmagnets
aluminium frame

e pacers for
LHC coils

Antimatter
trap

DN Contact plates

3 <y | I \ e
‘ ” !‘ “I \\ \\_
[
=
cLie ._
for kickers tanks a— i : }
ISOLDE  Table for wa— /SOLDE :gf |
seamless coils diagnostic cMS TG
-machmc for

cavity assembly box structures

Full Complementarity with the In-House Technology ' THe gt
PortfolioéSeries ProductionéKnowledge Transfer

- Extruded aluminium fixtures

3
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MME Subcontracting Service: Make or Buy

Series production of 157 Current Leads:

Estimated budget: 3.73MCHF

Make or Buy Strategy

~ 50 orders (75% of the Production) via Suppliers in 14 Member States
Internal manufacturing activities focused on critical manufacturing steps

Final clean machining, UHV cleaning, EBW, TIG welding, surface coating and
HI=KKMJ=2D=9C L=KLKH

To o Do Do Do

Preseries Preseries
CL TKA (1x3) CL 2KA (2x4)

/' JZ
!
r‘l

Preseries
CL 18KA (2x)

Memberstates distribution

WHFNL

30/09/2025
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Copper ringshefore
silvercoating

Head andexchangerCL 7KAafter
final turn/milled machiningand
brforevfinal vaccumbrazing

Head andexchangerCL 7/2KA gold
coatedbefore electron beamwelding

Visual control of CL600A presswesselassembled
CL 7/2KA and 600A ROHACELL at CERN.

insulation components Performedby A.Proust welding Engineerin charge of
the safetyfiles

CL 7KAeforeand after
shrinkfitting with honed
St. Steel tube
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EN-MME: MulttTechnology Skills and Capabilities

Most of the equipment produced calls for (simple t)mplex interlacing of
different fabrication technologies

—@AF< L@=K= HA; KHH§
o 800+ fabrication steps
o 20+ technologies involved
o 1.1 MCHF
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From Technology Development to
Industrial Knowledge Transfer

HIGHLIGHTS in Machining Technologies
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Ultra High Precision Machining

UHP Diamond turning & milling of OFE Cu RF components:

[+] Shapeaccuracy: few um //Roughness few nm
[+] Minimal damaged layer

>80 z0.002

[-] needsdedicated machines

[-] greatlyrestricted in ferrous and other materials, due to high
chemical reactivity with diamond tool

diamond tool-tip A graphitizationA diffusion into the workpiece™ |
A quicktip erosion and tool wear

Bocn s o i B

FIBSEM Cross eeuonalAna&gﬂ;;wf

Diamond
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LINAC4 RFQ Main Technologies:

A High-precision Machining
A Ultra pure Cu
A Vacuum Brazing

A Specific Thermal Treatments
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