
Mechanical & Materials Engineering Group:
From Technology Development to 
Industrial Knowledge Transfer

Alessandro DALLOCCHIO, CERN 

on behalf of the Mechanical & Materials Engineering Group (EN-MME)

CERN-TürkiyeKnowledge Transfer Summit
30 September- 1 October2025



Outline

30/09/2025 A. Dallocchio - CERN-Türkiye Knowledge Transfer Summit

Å Mechanical & Materials Engineering Group (EN-MME): mandate

Å EN-MME: Multi-Technology Skills and Expertise

Å From Technology Development to Industrial KT: Highlights

2



Mechanical & Materials Engineering (EN-MME) GroupMandate:
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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.

Beam

Design

Fabrication and Assembly

F.E. Calcs
Live Acquisition system 

by MME Mech. Lab 

Particle Beam Impact: comparison between simulation and experiment

Material testing

pre and post-irradiation 
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Thermal Management Materials ӛMoGr and CrGr

4

MoGr CrGr

Direction IP TP IP TP

Density (g cm-3) 2.5-2.6 2.4

Electrical conductivity (MS m-1) 0.9-1.05 0.05-0.07 1.15 0.35

Specific heat at 20°C (J g-1 K-1) 0.6-0.65 0.7

Thermal diff. at 20°C  (mm2 s-1) 430-530 28-37 450 38

Thermal cond. at 20°C (W m-1K-1) 650-900 45-56 700 65

CTE 20-200°C (x10-6 K-1) 1.7-2.7 8-12 5 11

Flexural strength (MPa) 60-80 10-12 100 22

Elastic modulus  (GPa) 60-85 4-5 60 5

Flexural strain to rupture (%) 0.18-0.26 0.45-0.72 0.33 0.42

~ < Aluminium

can match semiconductors

Å Materials industrially produced by spark plasma sintering (graphite ~90-95 vol.%):

Å Catalytic graphitisation + through-plane reinforcement Ý very high thermal conductivity; 
improved mechanical properties vs isotropic graphite

Å Molybdenum-Graphite (MoGr) developed by CERN, Brevetti Bizz (IT) and Nanoker(ES) for HL-LHC 
collimators

Å Chromium-Graphite (CrGr) developed within European Projects (IFAST) as a cheaper alternative 
to MoGr (can be sintered at <2000°C vs ~2600°C for MoGr Ą energy and cost savings)

Å Sintering process can be tailored (T, p, t) to obtain required density/properties. Possible 
applications: heat sinks, braking systems, high-L=EH=J9LMJ= H9JLK ӈ

Microstructure of MoGr.

Thermo-physical and mechanical properties of MoGr and CrGr. 

Sintering by pressing enhances in-plane material 
properties

MoGr parts machined for HL-LHC 
collimators

2+ x Copper
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Mechanical & Materials Engineering (MME) Group : 
domains of activities
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Design, Simulations 
and Measurements

Fabrication

ÅMachining & Maintenance

ÅPreparation & 
Subcontracting

ÅAssembly & Forming

Materials, Metrology & 
NDT

ÁLargest design office at CERN using computer-aided design (CAD)

software: 40 designers(StaffandIndustrialSupport).

ÁEngineering Unit : Advancedcalculations,analysesandnumericalsimulations.

ÁMechanical Measurements Lab: stressand strain, pressure,vibration and

thermo-physicalcharacterisation(4 KðRTð2000°C).

Á4000m2 of internalworkshop facilities with state -of-the -art equipment,

50 technicians(Staff and Industrial Support): CNC machining,sheet metal

work & welding, electron beam & laser, vacuumbrazing,metallic additive

manufacturing.

ÁExternal subcontracting service.

ÁMaterial selection, analysis & metallurgy : optical microscopy,FIB, SEM,

XRD, thin-film characterisation,mechanicaltesting (4 K ðRT) and failure

analysis.

ÁNDT : ultrasounds,radiography,micro computedtomography.

Á350 m2 of internal metrology facilities : 3D CoordinateMeasuringMachines

(CMM)

https://en.web.cern.ch/group/MME
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MME Mechanical Workshop

Its core mission is to provide service to the Organization for: 
Å Urgent needsӦJ=H9AJAF?Ӆ LMFF=D AFL=JN=FLAGFKӅ MJ?=FL >9:JA;9LAGFӈӧ

Å Prototypes / proof of principle
Å Multi -technology fabrication projects

Subcontracting to industry
Knowledge Transfer to external collaborations and industrial partners

Aerial view of bld. 100  (~1957)
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EN-MME: Multi-Technology Skills and Expertise
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F -N=JNA=Oӈ
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Machining Technologies

Large Milling Centers Hall (bld. 156)

Multi-axis machining: 5-axis Milling / 4-axis Turning, angled heads

Attainable features : 
Accuracy : few µm
Roughness (Ra / Sa) : down to few nm

Capable workpiece dimensions : 1 cm3 up to 6 m × 4 m × 3.5 m // up to 20 tons
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Machining Technologies

5-axis Milling ConFlat Flange Knife

HIE-ISOLDE Monoblock Cavity

Crab HOM Coupler1,3 GHz Bulk Cavity

SWELL Cavity

Multi-axis machining: 5-axis Milling / 4-axis Turning, angled heads

Attainable features : 
Accuracy : few µm
Roughness (Ra / Sa) : down to few nm

Capable workpiece dimensions : 1 cm3 up to 6 m × 4 m × 3.5 m // up to 20 tons
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Contact:
Jean-Marie Geisser
Marco GarslachèComplementary Technologies

Spark Erosion

Å Wire EDM (5 axis) :
o Taper angle (± 29° max), Rotary axis (Ø120 max)
o Attainable features: Accuracy down to ± 5 ʩm, Ra 0.2

Å Die sink
o Attainable features: Ra 0.8 11T Hybrid Test

Volume
280 x 280 x 360mm³

Materials: Titanium 
(gr.5), Stainless Steel 

316L, Niobium

Typical Applications:
Lightweight, Complex components, cooling 

channels, small series

Fast Wire Scanner 
(Ti gr.5)

Additive Manufacturing (SLM)

HOM Coupler DQW
(Niobium)

Flux concentrator
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Sheet Metal Forming & Joining Techniques
Wide variety of technologies & equipment :

Å Rolling, Bending, Deep Drawing, Spinning
Å Arc welding (TIG, MIG, Plasma), Beam welding (Electron Beam & Laser Beam)
Å Vacuum Brazing & Thermal treatments

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

Specific know-how for on-site interventions in accelerator complex and Experiments

Robotic Laser Welding solution High precision forming & welding 
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Sheet Metal Forming & Joining Techniques

400 MHz cavity EBW 

Fire-fighting interventions
Skids CO2 repair

On site interventions 

Crab cavities

Complex shapes forming 

Vacuum brazing 

Wide variety of technologies & equipment :

Å Rolling, Bending, Deep Drawing, Spinning
Å Arc welding (TIG, MIG, Plasma), Beam welding (Electron Beam & Laser Beam)
Å Vacuum Brazing & Thermal treatments

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

Specific know-how for on-site interventions in accelerator complex and Experiments

# O=D< K=9E @=J=ӈ
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Fabrication Process Simulations
Easier and faster transition from process conception to produced parts. Less costs

Å Streamline tool design activities and choice of process parameters

Å Optimisation of trial phase

Å 0=<M;LAGF G> ӏӐ@ME9F =JJGJӐӐ Ӧ;GEHD=P L9KCK 9F< @A?@ 9<<=< N9DM= =IMAHE=FLӧ

Å Better reproducibility & traceability

CAM-Based: Cinematics, Process Parameters & Tools

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

Most accurate equipment :
Leitz PMM-C Infinity
Å Accuracyof 0.3 + L/1000 [µm]
Å Airlockenvironment to maintain T and 

humidity conditions (VDE/VDI 2627)

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

Optical & Laser Systems

ALICE ITS Detector

MetraSCAN& HandySCAN

Å Accuracy: 65 µm ӛ80 µm
Å Compt. Size: 0.2 m ӛ6 m

Computer µTomography

CLIC - X-BAND SPIRAL LOAD

Zeiss MetrotomCT 1500

Å Accuracy: 9 ʩE+ L/50
Å Compt. Size: ɲ 430 x 800 [mm]
Å Voxel: ~ 7 µm
Å Integr. Thckn.: Steel 50 mm
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Metallurgy, Mechanical Measurements & NDT
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Preparation

Microoptical observation 

Advanced electron microscopy including FIB-SEM and a 

wide range of detectors (EDS, EBSD, low voltage EDS) 

See also EN-MME-MM

Nanohardness

testing

Chemical labCryogenic 

mechanical and 

fracture mechanics 

test facilities

NDT (UT)

State of the art metrology + CT
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MME Subcontracting Service:
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Å In close collaboration with the CERN 

Procurement Group

Å Strong contribution to balance the industrial 

return

Å ~1500 contracts/year (~10MCHF)

~40% of subcontracted production 

for mechanical components @ CERN

Subcontracting:

~ 40% of semi-finished parts

~ 60% of finished / turnkey components

Industrial Partners in all Member States

Full Complementarity with the In-House Technology 

PortfolioéSeries ProductionéKnowledge Transfer
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MME Subcontracting Service: Make or Buy
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Series production of 157 Current Leads:

Å Estimated budget: 3.73MCHF

Å Make or Buy Strategy

Å ~ 50 orders (75% of the Production) via Suppliers in 14 Member States 

Å Internal manufacturing activities focused on critical manufacturing steps

Å Final clean machining, UHV cleaning, EBW, TIG welding, surface coating and 
HJ=KKMJ=ӬD=9C L=KLKӈ

Copper rings before
silver coating

Head and exchangerCL 7KA after
final turn/milled machiningand  
brforevfinal vaccumbrazing

Head and exchangerCL 7/2KA gold 
coatedbeforeelectronbeamwelding

CL 7KA beforeand after
shrink fitting with honed
St. Steel tube

CL 7/2KA and 600A ROHACELL 
insulation components

Visual control of CL600A pressure vesselassembled
at CERN. 
Performedby A.Proust, welding Engineerin charge of 
the safetyfiles

Preseries: 
CL 18KA (2x)

Preseries:
CL 7KA (1x3)

Preseries:
CL 2KA (2x4)

Memberstates distribution
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EN-MME: Multi-Technology Skills and Capabilities

Most of the equipment produced calls for (simple to) complex interlacing of 
different fabrication technologies

Jacketed HL-LHC Crab Cavity
 =@AF< L@=K= HA;Kӈӄ
o 800+ fabrication steps
o 20+ technologies involved
o 1.1 MCHF

HL-LHC Beam Screen

LINAC4 RFQ Spare - Segment
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From Technology Development to 
Industrial Knowledge Transfer
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HIGHLIGHTS in Machining Technologies
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Ultra High Precision Machining
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5 µm

UHP Diamond turning & milling of OFE Cu RF components:

[+] Shape accuracy: few µm // Roughness: few nm
[+] Minimal damaged layer

[-] needs dedicated machines

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

diamond tool-tip Ą graphitizationĄ diffusion into the workpiece 
Ą quick tip erosion and tool wear

FIB-SEM Cross-sectional Analysis

Diamond Carbide
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Radio Frequency Quadrupole RFQ
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LINAC4 RFQ  Main Technologies:

Å High-precision Machining
Å Ultra pure Cu
Å Vacuum Brazing
Å Specific Thermal Treatments

Vacuum brazing 
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