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Strategy

Additive Manufacturing for the Accelerator community (prof. M. Vedani — PoliMi)

The uptake of AM in the accelerator sector implies deep expertise in fields such as

« ultra-high vaccum « cryogenic behaviour of « manufacturing engineering
« radiofrequency materials * ecCcC.
* magnetism « materials science

The partners of the project were selected so as to
form a multidisciplinary team showing high
qualification for the proposed task
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Additive Manufacturing for the Accelerator community (prof. M. Vedani — PoliMi)

Five different Developments proposals have been formulated inside the Strategy

« Dev2.1 - Validation of * Dev2.3 - Improvement of Additive « Dev2.5 - Repair of domaged
accelerators components built by  Manufactured RF Components by  accelerator components by AM
additive manufacturing; N. Laser Radiation; A. Medvids, Riga technologies; E. Lopez, Fraunhofer
Delerue CNRS/IN2P3; Technical University; Institute for Material and Beam

« Dev2.2 - Development of  Dev2.4 - Design of Magnet Poles Technology.
superconductive RF cavities, by Additive Manufacturing; M.
made by Nb or Cu coated thin Vedani, Politecnico di Milano,

film, to be tested at room and at DME;
cryogenic temperature; A.
Pepato INFN Sezione di Padova;
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Dev2.1 - Validation of accelerators components
built by additive manufacturing
N. Delerue CNRS/IN2P3

This development aims at

« validation

* long-term test

of Accelerator components in real operation conditions.

During this development we will build on previous
achievements to design and build accelerators
components suitable to installation in accelerators.
These components will then be installed in accelerators
and their performances monitored during the project.
This will allow to demonstrate that

«  AM components can be used in accelerator
« there is no effect on their performances

during long service in the hostile accelerator
environment.
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Dev2.1 - Validation of accelerators components
built by additive manufacturing
N. Delerue CNRS/IN2P3

Short | Contact Institution

name | Person Type*

CNRS | Nicolas Research Center
Delerue

TalTec | Tauno Otto | University

h

IWS Elena Lopez | Research Center

PoLiM | Maurizio University

i Vedani

IP Industry
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Dev2.2 - Superconductive RF cavities, made of el 11 T I | Y
Nb/Cu-coated thin film. To be tested at room < &
and at cryogenic temperature I I ) I T B I
A. Pepato INFN Sezione di Padova \ ,1 .
. . ~ -
This development aims at \\\ Y
. ~1_- 1,88 2,5
« design & test
: e 1,56
the relevant properties of AM Nb-made RF cavities in 18,07
room&cryogenic temperature conditions. 2106
The relevant cost of the Nb powders induces also in
investigate the feasibility of a partial or full replacement 97,0
of it, with alternative materials (e.g. pure Cu / Cu alloys),
for the realization of the RF cavity body, while providing
fhe realization of a thin |Oyer of Nb at the inner surface, 4 | Roesler — Surface Technology stl (Italy) a | ROS Italy Maurizio Industry
to guarantee the superconducting performances of RF company of Roesler Holding Gmbh Foppa
cavities. Pedretti
M.FoppaPedr
Name Short | Countr | Contact Institution Type* etti@rosler.c
name y Person om
1 Istituto Nazionale di Fisica Nucleare | INFN | Italy Adriano Laboratory 5 | HC. Starck Tantalum and Niobium | HC Germa | Markus Industry
(INFN PD and LNL) Pepato GmbH ny Weinmann '
2 | Centre National de la Recherche | CNRS | France | Nicolas Labortory
Scientifique CNRS Delerue
3 | Fraunhofer Institute for Material and | IWS Germa | Frank AM Technological

Beam Technology, IWS ny Brueckner solution
development
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Dev2.4 - Design of Magnet Poles by Additive
Manufacturing
M. Vedani, Politecnico di Milano DME

The project aims at the development of design
approaches and at testing relevant properties of

pre@edures for surfagehpte pasantioGofithetrPersenteridiinstitution
selection and depositisnoarmameters. Evaluation @iethe
lrefgiinedBert perfofiancBe al sé’tgig’@@‘ffﬂbl folrarsE™
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confidence on this approach.
2 | Politecnico di Milano, Dept. of | PoliMi Italy Maurizio Vedani University
Mechanical Engineering maurizio.vedani@pol
imi.it
3 | Science and Technology | STFC UK Oleg Malyshev Laboratory
Facilities Council oleg.malyshev@stf
c.ac.uk
4 Rosler — Surface Technology Srl ’F:lijl:reltzt'io Foppa
(Italy.), a company of the Rosler | ROS Italy M.FoppaPedretti@ro Industry
Holding GmbH
sler.com
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Maurizio Vedani

PrOII.O e 1 P0|IteCn!C0dIM.I|an0.,Dept,of PoliMi | Italy maurizio.vedani@poli | University
Mechanical Engineering

mi.it

i foms Torims
Design a roach of new-ge i i i i ; . .
g PP g¢l 2 Riga Technical University RTU Latvia Toms Torims@rtu.lv University

Conseil ~ Européen pour la Switzerla | .
This prototyping project ¢ > | Recherche Nucléaire CERN, | na Laboratory
component prototype, f Centre National de la Recherche Nicolas Delerue
. 4 e CNRS France _ Laborato
relevant to the article ac Scientifique delerue@lal.in2p3.fr v
based on outputs gener( ¢ Istituto ~ Nazionale  di  Fisica INFN italy Adriano Pepzflto . Laboratory
the same theme Nucleare, Padova pepato@pd.infn.it
Fraunhofer Institute for Material Frank Bruckner . Research
6 IWS Germany | Frank.Brueckner@iws.
and Beam Technology Centre
fraunhofer.de
7 H.C. Starggantautiancblliabjum HC Germany | Markus Weinmann Industry

GmbH

Maurizio Foppa
Pedretti
M.FoppaPedretti@rosl

Rosler — Surface Technology Srl
(Italy), a company of the Rosler Italy
Holding GmbH

Industry

er.com
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HEP detectors. Microchannels for cooling applications
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Traditional, air based

@

Microchannels on the surface of the die

Microchannels on the surface of
the die

!
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Fig. 1. (a) Traditional microelectronic system (b) Microelectronic systen)
with monolithically integrated microfluidic heat sink

Sarvey, Zhang, Cheung, Gutala, Rahman,
Dasu, Bakir (2017)

Monolithic Integration of a Micropin-Fin Heat
Sink in a 28-nm FPGA.

|IEEE Transactions on Components, Packaging
and Manufacturing Technology. PP. 1-8.
10.1109/TCPMT.2017.2740721

Pros compared to traditional heat-sinks:

e More efficient way to cool down the device
(e.g. high surface/volume ratio, low thermal
resistances between the fluid and the circuit
dissipating power)

e Less obstruction for traditional air based cooling
for other boards components

e |t overcomes limitations on device density on
PCB due to the limited air based cooling
capability of crates

Cons compared to traditional heat-sinks:

e Risks due to manipulation of the bare die
e Probably less suitable for large scale systems (in
case we need to manipulate O(1k) devices)

Microchannels on metallic

plate with AM
1 T

Heat Spreader

Pro WRT channels on the surface of the die:

e No need to manipulate bare die

e Fasier to use on commercial electronic devices

e Manufacturing capability of smaller metallic inlet
and outlet

Cons WRT channels on the surface of the die:

e Maybe less efficient in cool down the device due
to the presence of the heat spreader and of the
TIM.

TO BE STUDIED

Studies ongoing on microchannel cooling for
FPGAs
INFN Grant: CoolFPGA (2019-2021)

In collaboration with FBK
PI: A. Coccaro (INFN-Ge), P. Francavilla (INFN-Pi)
People involved: M. Boscardin (FBK), F. Bosi (INFN-
Pi) M. Massa (INFN-Pi), F. Palla (INFN-Pi), R. Dell' Orso
(INFN-Pi)
It could be very interesting to compare the two
options.
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