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MeChanlICs @

 FP7/People/lIAPP (Industry-Academia Partnerships
and Pathways) project MeChanlCs, “Marie Curie
linking Industry to CERN”

e start September 15t 2010, end 30" of August 2014
e budget: ~ 1 M€

 to enhance knowledge exchange between Partners in
high precision manufacturing by two-way intersectoral
secondments and dissemination workshops
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Compact Linear Collider study

 post-LHC physics: high precision measurements at an e*e~ linear collider

» CLIC study = a feasibility study of development of realistic technology

at affordable cost for ete~ collisions upto 3 TeV

 conceptual design report 2012 = development phase 2012-16 = decision

2016-17
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CLIC two-beam concept & module
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ACCELERATING STRUCTURES (AS)

REQUIREMENTS
e COAXILITY ERROR: < 10 um
* ALIGNMENT ERROR BTWN MANIFOLDS & DISKS STACK: £10 pm

CLIC RF structures

POWER EXTRACTION AND

TRANSFER STRUCTURES (PETS)

REQUIREMENTS
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e .
Y CLIC RF structures: machining @

- Cu OFE UNS C10100 - Cu OFE UNS C10100

- Shape accuracy £ 2.5 pm (iris) - Shape accuracy £ 7.5 pm
- Flatness accuracy £ 10 um - Roughness Ra 0.1 pm

- Roughness Ra 0.025 pm (iris) - 8 octants diffusion bonded
- @ 80 mm - Length 300-1000 mm

- 30 disks diffusion bonded
- Length 250 mm

Diamond turning & milling

@



@LIC RF structures: manufacturing & assembl@
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. MeChanICs @

Objective: enable & enhance long term industry participation
In CLIC, Compact Linear Collider, RF structure R&D

Participation in each step of RF structure manufacturing
- 5 Work Packages

Helsinki Institute of Physics

High-precision mechanics value chain driven by the precision

@




|
INSTITUTE OF
PHYSICS

2. WP 1 MeChanlCs Design, Lewel Group @

o participation of CLIC accelerating structures design (containing all
necessary systems)
e 3 TeV CLIC will have 143 000 such structures

Added value for . VACUUM MANIFOLD
Lewel: learnt VACUUM FLANGE (G5 & COOLING SYSTEM

vacuum RF FLANGE ___ >
techniques S EESY _ ALIGNMENT

COOLING FITTINGFE -8 T\ WFM WAVEGUIDI%@&i\Og
OB \Q&C
COOLING TUBI 0

BONDED DISK STACK

@

SEVENTH FRAMI K
PROGRAM|



Material research:

» HIP-diffusion bonding of copper disks

* The effect of heat treatment to diamond turned
copper surface

» The effect of HIP-treatment to physical properties
of solid copper

* HIP compaction of copper powder

» Brazing of copper with electrodeproted coating

Added value for
Metso: learned
more about Cu

@



Topics of the work:
Precision machining
Laser welding
Metrology

26 high-precision machined disks
(OFE Cu, shape accuracy + 2.5
um, surface roughness + 0.025 um,
& 45 to 88 mm) in each accelerator
structure

@




. WP 4 MeChanlCs brazing, Loval @

Bonding of the disk stack in
partial H, pressure

26 high-precision machined disks
(OFE Cu, shape accuracy + 2.5
um, surface roughness + 0.025 um
& 45 to 88 mm) bonded together

@




WP 5 MeChanlICs assembly, Mectalent @

» prototypes of CLIC accelerating structures
e assembly, tooling, test module, environment,
thermomechanical behaviour, metrology, validation




6 Deformation during diffusion bonding @

MACROSCOPIC
DEFORMATIONS

MICROSCOPIC
DEFORMATIONS

LUALLULLL "

j—=

| [ ] I VARIABLES
» Pressure, temperature,
VARIABLES time geometry (roughness
» Load, time, temperature & flatness), cleaning

 experimental tests indicate visco-plastic behaviour, creep (T/T, ;= 0.96)

« on flat geometries experimental tests, analytic calculations & transient finite
element with creep included seems to agree

 next: transient simulation of more complex geometries = AS disk stack

« future: characterisation of creep behaviour of Cu near melting point

(PhD student of National graduate school concurrent mechanical engineering)
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CLIC module thermo-mechanical modeling@

« ANSYS modeling of complete CLIC module = feedback on engineering
design & check fundamental behaviour of the RF structures during operation

 test module program starting (— end of 2012) to verify design
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Deformation results: RF for AS

units, m 3.9817e-5 I 3.1323e-5
CLIC module type 1 [ Environment at 30°C
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'\ ACCEL STRUCTURE

e 4 accelerating structures
as one stack: 2-m long

« 2 PETS units completed

e RF and vacuum networks
completed
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' Secondments and recruitments
INSTUTE OF 1fi i
Modifications Tarkmet, Mectalent
Taszk Description Year |Yearl Year 2 Yeay 3 Yiear 4
Aonth I 2 3 4 &5 & T E % @0 i0 @2 i3 44 05 & 07 i@ 0% B Rl Y X} k4 REQEE IT IE D% M 31 31 33 M4 3E M| 3 HM M & 41 4 4 4 & &6 4 &
1 Desizn
1.1 Lewel Group - CEREN 12 0K, Paull Plirainen
1.2 TUH - Lewel Gronp 2 —
1.3 CERN recruitment Rec 24 b3 Ay OK, Faurizio Ross!
2 Materials i
2.1 Matso - CEEN & — OK, Janne Numinen
2.2 CEEN - Metso }:> 0K, Markus Alcheier
3 Machining
3.1 Tarkmet - CERN 12 — Jun 2013-May 2014, Time Kan
3.2 CERN - Tarkmet 2 — March-Aprl 2013, Nerea Irazaba
4 Brazing
4.1 Loval - UH 12 — Jan 2013-Dec 2013, Fellx Smed
4.2 CERN - Loval 2 = Oct-Nov 2012, Fabrizio Ross
5 Precizion assemhbly
5.1 Mactalent - CERM 12 — March 2013-Fab 2014, Mikks R
5.2 CERN - Mectalent 2 => April-May 2014, NN,
6 Coordination
4.1 Project management E : : : :}
6.2 Scientfic Coordination k3 :
6.3 Technical Coordination Fec 24 I | O, Markus Alcheler

Steering Group

Y sc Tl

External Deliverables (to EC)

Interim Feports
Workshops

3 =

=3I r

Public Workshop on results
Final Feport
Nomenclature

1 ws1 =1

W5I Tazkl

W53, Task21 & 3

WEL, Tazkd &35

R = Feport, WS = Workshop,

5 = Steening Group, Rec = Flecuiment

mid-term review
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i Administration @

Management team:

K.Osterberg, coordinator,

G.Riddone, scientific coordinator

T. Niinikoski (upto 31.8.2012)/M.Aicheler (from 1.12.2012) technical
coordinator

R.Nousiainen (upto 31.12.2010)/J.Vaindla (from 1.9.2011), administrative
manager

Meetings

1. Workshops: Kick-off 6.9.2010, disk production 22.3.2011,
open workshop and project meeting 6.9.2011

2. Steering commitee annually

3. Work package meetings

- Monthly

- Telecommunication

- Partner progress reporting, administration and planning
4. Mutual partner meetings and communication

AR




C Administration @

Distribution of funding

First year reporting

Exchange of partner: Veslatec —» Tarkmet

Mid term reporting
Overall progress report, submitted to EU end of August

Financial reporting:
- Reporting instructions has been sent to partners on June, 2012
- Reporting exercise done in June -> everyone has access to EU participant portal
- Mid term financial reporting
- Within a month from Mid-term review (27.10.2012)
- Reporting period from the beginning until end of September 2012




\ it/ Dissemination @

Open workshop and project meeting 6.9.2011 at CERN

Web pages www.hip.fi/mechanics

MeChaniCs in media:
K.Osterberg in Finnish national radio 15th of Nov. 2011
Precision instruments and collision course: International Innovation Journal, 2/2011




‘"TAVAKS

(~" To Habit”)

Customer oriented development of ultrahigh

precision manufacturing in Finnish industry

TArkuuusValmistuksen Asiakaslahtdinen valmiuksien Kehittaminen Suomalaisessa teollisuudessa

Project introduction 27.9.2012

University of Helsinki, Helsinki Istitute of Physics, HIP
Technical Research Centre of Finland VTT
North Carelia University of Applied Science, NKUAS




G/ TAVAKS; Objectives @

The aim of the project is to increase the knowhow and capability of
manufacturing ultra-high precision components and assemblies in
Finnish industry.

Productions steps from raw material to finalized components and
assemblies are considered as well as the requirements and
interaction between different steps in the production chain.

6 work packages:

WP 1 Material research

WP 2 Ultra-high precision machining&Pre-machining
WP 3 Diffusion bonding and laser welding

WP 4 State of the Art and Market analysis

WP 5 International cooperation

WP 6 Coordination

Development work is based on CLIC components and assemblies.

One goal is to establish capability to produce CLIC disks and test
components and support CLIC development work.




r.5 MeChanICs = TAVAKS @

MeChanICs

2014 — 2015

— 0017 = 2013 "> —-

Mectalent
Tarkmet

Tarkmet

Secondments, work shops
knowledge excgange

TAVAKS Company, production R&D

@




TAVAKS; Partners and funding @

INSTITUTE OF
PHYSICS k

arch Organisations

| Istitute of Physics UH/HIP Q
Te esearch Centre of Finland VTT Lovat:
North niversity of Applied Science NKUAS
Industrial p er
Loval Oy, bondin
Tarkmet Oy, laser
Protoshop Oy, machin

Comatec Oy, FE-modeling /0/

haniCs) » TarsxKaneTr

eChaniCs)  PROTOSHOP

HIENOMEKAANISIA RATKAISUJA JO VUODESTA 1841

& comATec

Luvata Oy, material delivery for pr

ds
Metlab Oy, metallurgical analysis g
D Centre for Metrology and Accreditation MIK O S

X

projects. (TEKES=Finnish Funding Agency for Techn
Innovation). ]
Project is planned to last 2 years, from 2012 to 2014. E

Funding has been applied from TEKES separatel individual
ol M
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