Development and Innovation on
Additive Manufacturing | I N F N

PADOVA

AM for Accelerators T

INFN-ACCELERATORI - . G NI N s Yy

Eng. Adriano Pepato -~ .\ . .- . » RO T AN W\

INFN PD - DIAM . \ N
S :

N
PO .
. ‘_ . - L\
. ,’ . --.r" “\z_.—'. ..~
. v . T RN ,‘..': . N
C . .
N e . b/
> (2] . _"‘- ) PO 3 rd
e e A
.- ‘ - . -
e - '_\"..... *
-, DR - a
iy !
': - -~ »
r,,- e T .
T e
19/05/2023 — Development and Innovation on Additive Manufacturing 1



Outline

* The Additive Manufacturing technology (for metals): history, benefits
and limits, the DIAM Lab activity.

* The materials characterisation, the Projects and the Collaborations.

* Materials, technologies, software analysis.

* The surface finishing of parts.

* Applications for the accelerators community.

* Other applications.

* INFN activity on AM: the internal and the international network.
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History of additive manufacturing

1983 — Invention of stereolitography (SL) by Charles Hull
1986 — Invention of Selective Laser Sintering (SLS) by J. Beaman and C. Deckard
1987 — Stereolitography (SL) from 3D Systems
1992 — Selective Laser Sintering (SLS) from DTM (part of 3D Systems)

4“ 1994 - Direct Metal Laser Sintering (DMLS) by EOS
2o g ( ) by

3D SYSTEMS 1995 — Fraunhofer Institute develope the SLM

e%s 2002 — EBM technology by Arcam

e-Manufacturing Solutions

2003 — SLM by EOS,
CONCEP LASER ,TRUMPF

Arcam —
A GE Additive Company % F ra u n hOfe r NOW

\

Future ...
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Now

- Wide variety of Material can be used for AM
- Polymers, metals, ceramics, composite.

- Different forms of Materials:
- Powder, liquid, wire, ink ...

- Many technologies are available:
- SLS, SLM, EBM, DIW, ...

- Limited number of Machine and Powder supplier

- Main use:
- Prototyping; customized productions;

=

Future

Development on "new" processable materials
- Alloys designed for AM

Continuous optimization of raw materials
- According to the process studied

360° Development of the process
- Al; M&C; Topology optimization; safety; ...

increase in the number of available suppliers
— with relative reduction of market costs

Standards for design/production (ISO — ASTM)
- Regulation for mass production (?)

INFN 19/05/2023
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The BENEFITS of AM technology

Metal Additive Manufacturing technologies offer many key benefits:

Increased design freedom versus conventional casting and machining.

The net shape capability helps creating complex parts in one step only thus reducing the number of assembly
operations such as welding, brazing.

Light weight structures, made possible either by the use of lattice design or by designing parts where material
is only where it needs to be, without other constraints.

New functions such as complex internal channels or several parts built in one.

Net shape process meaning less raw material consumption, up to 25 times less versus machining, important
in the case of expensive or difficult to machine alloys.

No tools needed, unlike other conventional metallurgy processes which require molds and metal forming or
removal tools.

Short production cycle time: complex parts can be produced layer by layer in a few hours in additive
machines. The total cycle time including post processing usually amounts to a few days or weeks and it is usually
much shorter than conventional metallurgy processes which often require production cycles of several months.
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The LIMITS of AM technology

Metal Additive Manufacturing technologies offer also some limitations:

@ Slow build rates (function of: building high; building area; materials & process parameters)

@ High initial investment cost

& Limited component size and small build volume

@ Limited amount of processable materials — (ex. For SLM - only weldable materials can be used)
@ Requires post-processing in order to improve the surface finish and quality

@ Product and material properties are machine and process dependent
@ Residual stresses and properties anisotropy — thermal treatments are needed

@ Lack of standards for materials, products, characterization and validation
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Additive Manufacturing Technologies

@ Material Extrusion (MEX) = Ink/Wire is selectively dispensed through a nozzle/orifice.
- DIW = Direct Ink Writing; ADAM = Atomic Diffusion Additive Manufacturing

@ Material Jetting (MJT) = droplets of feedstock material are selectively deposited.
- NPJ = NanoParticle Jetting

@ Binder Jetting (BJT) = a liquid bonding agent is selectively deposited to join powder materials.

@ Powder Bed Fusion (PBF) = thermal energy selectively fuses regions of a powder bed.
- DMLS/SLM = Selective Laser Melting; EBM = Electron Beam Melting

@ Direct Energy Deposition (DED) = focused thermal energy to melt the materials as they’re being deposited.
- LENS = Laser Engineered Net Shape; EBF3 = Electron Beam Freeform Fabrication

@ Sheet Lamination (SHL) = sheets of material are bonded to form a part.
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@Powder Bed Fusion (PBF) = thermal energy selectively fuses regions of a powder bed.

L-PBD = Laser Powder Bed Fusion

ASTM standard F2792-10:

“Process of joining materials to make
objects from 3D model data, usually
layer upon layer as opposed to
subtractive manufacturing process.

~

( AM dedicated
software

MACHINE TOOLING &
PRODUCTION PROCESS
e Chamber preparation
before the process
e |L-PBF production process

e Removal of Platform with
parts and cleaning POST PROCESSING

e Stress Relief
e Removal of parts

A NEW WAY TO DESIGN

Design with more freedom:
e Complex Geometry
e Light Weight structures

¢ Internal cooling channels
. . . DATA PREPARATION
¢ Using Topological Optimization -

software e Part orientation

e Support generation
¢ Slicing (CLI = SLI)

® Assignment of

-

from the Platform
e Removal of Supports
¢ Surface refinement

Project Phases Production Phases

process parameters
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ANALISI DELLE PROTEINE

ANALISI DEI MATERIALI

NUOVI MATERIALI

MODELLI BIOCHIMICI COMPUTAZIONALI
ANALISI DI ELEMENTI IN ULTRA-TRACCE
RADIOBIOLOGIA
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Dirigente Tecnologo
Eng. ADRIANO PEPATO

Head of the
DIAM workgroup

&
[
—

Post-doctoral
Research Fellows

Eng. MASSIMILIANO BONESSO Eng. PIETRO REBESAN

... Other 3 potential

Eng. SILVIA PhD Candidates
CANDELA for the A.Y. 2023/24

.~ Eng. VALENTINA

Eng. GIACOMO
" CANDELA

FAVERO

PhD Candidates
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DIAM Network

@) EUROfusion

'@ CONSORZIO RFX
k o Ricerca Forn ione

nazione Innovazi

INFN SP

LNL

e-Manufacturing Solutions|

MECHATRONICS
PROTOTYPING
FACILITY

UNIVERSITA
DEGLI STUDI
DI PADOVA

TANIOBIS

inspiring metal evolution

PADOVA
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Production DIAM Research Core
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ECRH - DTT Steerable Mirrors

Fir t»R E Excanﬁer |

experimental tests  corals - boiling tests

_Cooling Channels
As built and Smoothed
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@ DIAM lab:

v' Tungsten
v' Molybdenum
v Tantalum

v" Niobium

Physical and Chemical properties:

» Ultra-high melting point

» High density;

» Excellent corrosion resistance;
» Good thermal conductivity;

» Low thermal expansion;

» Good strength and hardness.

Inner and Outer Vertical
Target (IVT and OVT)

Plasma Facing Material

Z
W monoblock Copper Interlayer W Tile
CuCrZr Heat Sink

ean._lungsten

6 GHz Cavities

isotopes
entrance

NASA MSFC AM C103 Green Propulsion
Thruster and Stand-off
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Maintenance Insulating tower for cooling Cooling tubes for
platform of high voltage part grounded components



Horizontal aiming

Accelerator Grids with spherical shape
~
NG / Hyperlens grids on EG

- / Neutralizer
~
~
A Residual lon Dump
~ \\
O \\
. Beamlet group focus point
N /\/
. ~
S

-

-
Whole beam
focus point

Both of them present double
curvature radius on Beam OUT side
(9000mm and 12000mm)

and one on Beam IN side (12317mm)

Hyperlens &
Kerb geometry

Accelerator grids’ design evolution

Vertical aiming

Original multi plane grid design

Whole beam focus point

Acceleration Grids (5 layers)
Plasma Grid (PG)

Extraction Grid (EG)
Acceleration Grid 1 (AG 1)
Acceleration Grid 2 (AG 2)
Grounding Grid (GG)

Main MODIFICATIONS:

1. TECHNOLOGY: Additive Manufacturing
2. SHAPE: SPHERICAL

3. grids’ THICKNESS: 11mm -> 14mm

4. cooling channels’ GEOMETRY: optimized

Additive Manufacturing advantages:

e Manufacturing process: less time, less
complicated -> better reliability

e Possibility of printing (raw production) of 5
quarter-grid in a single batch

e Flexibility of design (especially of the cooling
channels)

New spherical grid design

EG & Hyperlens

Hyperlens



The Grid Planes FULL-SCALE Production
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R&D Phase on AM approach Y2022: Small Size Prototypes (Cu & CuCrZr)

EOS MZ50 1xwW
Red laser power: 1kW
Chaomber sire:
25025325 mmy?

set of beamlets and relative Hyperlens;
eCapability to perform the main steps of the

EOS M400

Red laser power: 1eW
Chamber s2e:

| 400400409 mem?

—Channel geometry.

Assessment of the pressure drops

EOS AMCM MAX.4 TkwW
Red laser power: 1kW
Chamber see:
45004 50 1000 mm?

eeeee

WIP
CuCrZr
Full Grid

Prototypes




i

X Ray Tomographic Scan

K
Y|
=

[00100/0]

000

EG prototype
CuCrZr
Dim: 400x2300x14 [mm]




Characterization of Additive Manufacturing
(AM) copper parts
|

1 kW Infrared Laser 1 kW Green Laser 1 kW Infrared Laser
Building Chamber: 250x250x325 mm Building Chamber: @ 300 x H 400 mm Building Chamber:
Pure copper Pure copper 250x250%325 mm
CuCrzr
FIRST BATCH SECOND BATCH FIRST BATCH SECOND BATCH
Porosity 0.64 % 0.38% 1.04 % 1.02% 0.63 %
Archimede
Porosity 0.16 % 0.18% 0.13% 0.29% 0.29 %
Optical
- H374 419 H3754+19 H381419 H370419 H 3004 15
S V389419 V376419 V380419 V374419 V323416
[W/mK]
Yiekd Strength H 160.0 2.8 H159.340.6 H139.7 0.6 H1403415 H1993+47
(MPa) V1653446 V1617412 V1373421 V1423438 V169.3427.0
s (ORGFIE H225940.1 H2212414 H211644.1 H 3409 43.0
Strength [MPA] V2237405 V2249406 V200.4 4 0.1 V19274438 V28334205
o H 125 +4 H11747 H13643 H11345 H128+1
(GPa) V12443 V12744 V12445 V11246 V10644
AR H5341% HS5141% H Over 50% H49 4 1% H3541%
Break
V Over 50% V Over 50% V Over 50% V3142% H364+1%

+  EOSsamples show constant results

*  TRUMPF's second Batch shows similar result, with the exception of the optical porosity and the elongation at break.



Laser Powder Bed Fusion of Copper and Copper alloys

Pressure drop tests & Roughness analysis — Surface Finishing

Samples cut with EDM

Cu samples

Pressure drop - pure Cu samples red laser

s

- 800 (370W)
K " D1
700 2
C
600 > c
T <
£500 o
o . (<
£ 400 o %
| ! »
g 300 s .
& 200
o S » * 3D Non-Contact
. Q .
100 e . £ g Profilometry
o WL L et w c R
AM samples M280 0 OIS L it S C e Stepsize 2-5 um
. 0 2 4 6 8 10 12 14 a O
LPBF maChlne Water flow rate [I/min]
- Hydrau“c tests in channels as built e Straight channel rough ® NICE channel rough
. . . © Duned channel rough Straight channel polished
- Hydraullc tests in pollshed channels ® NICE channel polished ® Duned channel polished

Step 1 (Ch-Mech) Step 2 (Ch-Mech)
\ J
T

| Highly concentrated chemical compound |

10" Mechanical step Step 1 Step 2

D Rough sample
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Cavities produced by LPBF

i TANIOBIS

Cu cavities Nb cavities S spiring metal evolution
First prototypes: fi’ &7\ ffy \ f 7\ Material characterization and process parameters optimization:
* Geometry verifications * Density
| * Critical angle
3 “ - ,\ * Down-skin
k‘g“  Contour

6 GHz seamless cavities: 6 GHz seamless gg:/iégs r;‘ﬁ)c;dl‘jcs::cigr?° 2 A

Red laser :

Green laser

ddi[N&E/Nﬁufacturing ¢l Cu and9/05/2023 — INFN-PD — Development and Innovation on Additive Manufacturing 23 23
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Surface treatments by Rosler Treatments
- Type Mechanical treatment Chemically-assisted Extra polishing step
Cavities

treatment
# of steps 10 S 2
P-shape —> P
Résler media: Cu needles Roésler ceramic media: Résler plastic media:
L-shape media and + synthetic diamond RMBD1 05 G RKH/4
P Sam Y les to be compounds powder Résler compound:
T-shape treated CMP 03/21 L

Roughness reduction R, Roughness reduction Last defects removal
. from about 30 um to 4 ym R, <1,0 ym Final cleaning
GOAL: Ra<1,0 um R, <1.0 ym

Morphology

A

Average roughness at the end:

CAVITY
L2 0,48
L3 0,54
T2 0,48
Surface treatments — Rosler Italiana
INFN D I A M 19/05/2023 DIAM = Development and Innovation on Additive Manufacturing 24
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1 inspection

v Vacuum leak detection
v Frequency measurement T1 T2

Ee 4 C

2 Treatment workflow

T1

1Vibro-Tumbling at LNL

Chemical polishing
(SUBU)

4. Inspection

5. High Pressure Rinsing

S
=
4

T2 6. Physical Vapour
—d U\ Deposition of Nb
. 1. 7. SC measurements
2 Electropolishing
v" Vacuum leak detection Nb Nb

v" Frequency measurement

Inspection
High Pressure Rinsing
5. SC measurements

Eal

2 El

ectropblishing

Cavities frequency and optical inspection - INFN-LNL
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Laser Powder Bed Fusion of Copper and Copper alloys

Cu cooling channels samples — CT dimensions & Prototype production

Trumpf Green Laser (Pure Cu)

~

EOS 1 kW Red Laser (CuCrZr)

Zeiss Metrotom 1500
Voxel size: 55 um
Accuracy: 25 um

Wall mean offset (CAD
theoretical-samples after
polishing): 50 um

EOS 1 kW Red Laser (Pure Cu)

ok =8

93¢

Oev. IR Oev. NENERY | Oev. NENECE] Ocv. MRS

— Ocv. IS Ocv. IO
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Tmax,Cu [*C]

Numerical simulation EG prototype Experimental setup of the EG
+ P=80W per beamlet prototype

+ Tinlet=20°C

« Adiabatic condition in insulated surfaces
Turbulence model: Standard k-epsilon

« Wall function: Enhanced Wall Treatment
(smooth channels)

Tee junction for
Pressure drop |

25 electrical resistance wires:
5 series resistances for each wire

@ T max solid plane / \

& Toutlet

@ T max heater contact ‘

Tmax [°C)
3 8 8 8§ 8 3 8 38

s
<
5,
. .
» .
» .

Cap for
resistance wires

0 10000 20000 30000 40000 50000 £0000
Pressure drop [Pa]

Numerical results EG segment grid
- cooling performance

AV NEE—q & @ S\

U == = S ] | ~
W A«e"L' = o = -

o
~

80

78
4,0E+04 6.0£+04 8.0E404 1.0E405 1.2E405 146405
Pressure drop [Pa]

0,306 1,34 9,79 79,06 ™ £ v : a

0,275 1,12 8,75 80,85 I’ ‘ ’ &‘!"
0,229 0,824 7,26 86,15

0,200 0,658 6,31 90,75

N W B sy oo o



Laser Powder Bed Fusion of Copper alloys
CuCrZr ECRH - DTT Steerable Mirrors

Black line = theoretical

Blue line = real M1 RAW
1: Curve Form Short

Y -130.000 -120.000 Z—11U 000 -100.000 -90.000 -80.000 -70.000 -60.000 -50.000 -40.000 -30.000

-20.000 -10.000
t — e
‘Y === T:r-u— 5
Point 128 % Point 60 Point 19
Deviation: -0.131 mm R <A Deviation: -0.260 m 2mm
. i s Status: valid
status: Valid . status: valid 5:1
2: Curve Form Long
X -180.000 —162 000 -140.000 -120.000 -100.000 -80.000 -60.000 -40.000 -20.000
Do 0.000
z
Point 91 Point 181
X B
Deviation: -0.210 mm Z§v1at!on.1l}‘;190 mm 2mm
Status: Valid atus-pvall
5:1
3: Curve Form 45dgr
-15X000 -140.000 Z-13D 000 -120.000 -110.000 -100.000 -90.000 -80.000 -70.000 -60.000 -50.000
z
Point 27 X Point 145
Deviation: -0.125 mm Point 77 Deviation: -0.236 mm 2mm
Status: valid H i
Deviation: -0.186 mm Status:Rvalid 51
Status: valid
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@ - Mo Anode PRODUCTION - FEBIAD . lon Source - INFN SPES facility

t=03 N
TRADITIONAL Anode | STEP 1 \erification of the mm [ Douste
. t=0.4mm \ contour
possibility to manufacture the part \
t=0.5mm \\\ strategy

'—>®Thickness of the component
= 0.5 mm (body)
= 0.3 mm (grid)

t=0.1mm
(Single Edge)

== With contour
~ >Ra=15+1.8 Hm

Inclined walls surface roughness measurement

Down Skin parameters tuning

Parameter Mo-60° Mo-45° Mo-30° Mo-20°

Sa 6.2 19.8 55.8 60.4
5q Mo-22° 744
SSK Ly . 0.653
276.5 5’” : ‘~.‘ »?¢2242.7 '
AR | s
Sz e %.;%&56“ I 423.3
17101 i/
Sp % 259.3
Sv 26.8 56.4 125.7 164.0
INFN j 19/05/2023 — Development and Innovation on Additive Manufacturing 29
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~ Mo Anode TEST - FEBIAD lon Source - INFN SPES facility

STEP 2 orr-uine test - 1on source @ CERN - a%%dA@&| 2 main RESULTS of this
PROOF-of-CONCEPT test

3 . .
The first step - ionization of 100% Ar 1. lonization Efficiency Estimation || What is important for
The second step = ionization of 20% of each noble gas (Ar Ne,El,Xe,Kr)

AM research activity ?

Ar efficiency for different Ar pressure [mbar]

ONE = cion suectmdeD'ig:':;;-csvstew b Ik & < ‘ i 1. Plasma lon Source
el |B waiv = | ; components can be
<. produced by LPBF
o ) 2. opening up the
- v oo ‘w0 m w0 possibility of fully
E T iagnosticvste ION SOURCE worked > eXpIOiting its
k. properly for 2 weeks technological
2. Contaminants Measurement advantages. First of

‘ all, the new design
EXTRACTION Grid ~ EXTRACTOR Mo and MoO,

/ I for assembly
A31kV “ decreases drastically /
—
M \ I JEREIO0 after reaching the
—_——— - ~ ~ exercise conditions y
ION SOURCE FE OFF-LINE
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launchers for lon Sources will be fabricated
/2.0 oo vl . by Additive Manufacturing Technology

C Qé Innovative Resonator Ion Source (IRIS) (Prototype) Non conventional resonators and RF

14.3898GHz

1. 4318E+08

Diffractive apertures 16521608
1.5420E+08
(slots) I

1.3217€E+@8

1. 2115E+08
1. 1014E+28
9.9127E+07
8. 8112E+07

B inimum magnetic field structure

7. 7098E+A7
6. BOBHE+DT
5. 5070E+a7
4. YBSBE+D7
3. 3042E+07
2.2028E+07
1. 1014E+87
4, 1797E-87

Maximum e.m. field
is in this way excited
in the plasma core

Typical IRIS size is 10x20 cm ; 5 .

Plasma
chamber

The cross-section of the IRIS cavity resembles
the shape of the magnetostatic field confining
plasmas in ECR lon Sources.




Plosmas for The New ECRIT — ECR lon Trap (the largest never built...) is made of fully

Astrophysics
g) superconductin magnets, allowing radial position of HpGe detectors
odaton for

Microwaves hexapole

injection

system HpGe detectors

=
X-ray SDD detectqr L X-ray pin-hole
-~
o, camera
e

~
4 ‘f

Superconducting
Magnets )

/]

g 'A HpGe detectors ; / '
\
: / PANDORA superconducting

An advanced (Stain. Steel) plasma chamber design is needed to magnetic system
operate at 10 mbar supporting a 10 kW plasma power and radial

“holes” for measuring y-ray emission



Examples:
Collaboration network for new alloy development *  CuCrNb21

* Cu-Al203

s * Cu-W
CEIt Metal powder and composite material atomization. Powders . Cu-Mo
meeo  fOr use in additive manufacturing and magnetic materials _
- Nb-Sialloys

* HEAs

Rina Consulting — Centro Sviluppo Materiali S.p.A. (CSM) can provide « W-Re alloys
to support clients on Additive Manufacturing topics, mainly for: .
* Development of materials,

* powder manufacturing and qualification, Phase 1: Phase 2: Phase 3: Phase 4:
. Preliminary study Alloy design Perf Detailed
* component design, el S

assessment analysis
L iti i - State of the art + Metallurgical - Powder - Powder
pOSt p rocess con d Itioni ngl and Patent design manufacturing manufacturing
review » Powder (medium batches) (large batches)
s pe rfO rmances assessment. » Model set up manufacturing » AM samples * AM samples
- Target (small batches) manufacturing manufacturing
definition * SLM samples + Metallographic « Heat treatment
. manufacturing characterization « Metallographic
new development in the + Metallographic - Heat treatment characterization
) characterization « Mechanical + Validation
(/i) =0 12/ [N powder production assessment testing

« Corrosion testing

technologies to obtain
Cu Chemical purity > 99,95 %
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/ System integration
& demonstration

=
.“
%
=0O= Molten salt storage
ZRN (hot tank)
oO
o
» - >
Intermittent On-demand
power Electrical Steam steam
Renewable heater generator Process heat
energy at 120-450°C
\?i for industry
Molten salt storage
(cold tank)
Vapour Vapour
outlet outhet Hot
' t fluid
1_r inket
Ld

Liquid

\ |
/

Tube Baffles |

Thermal.Storage

LoCoMoSa aims to demonstrate a
cost-reduced medium- to long-duration
thermal energy storage system based
on molten salt to deliver industrial heat
at 120-450 °C.

recirculation l Weir
Liquid Liquid bundle Liquid Hot
inlet outhet inlet  fuid
outlet
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- Binder Jetting (BIJT) =

a liquid bonding agent is selectively deposited to join powder materials.

The process begins by spreading a
thin layer of powder (1) on a
building platform (2) using a roller
(3), with printheads strategically
depositing droplets of binder into
the powder bed. The printing plate
then lowers and another layer of

powder is spread. ...

Process sequence:

S -

BJT = Binder Jetting

GUIDE

LLeGOR

e best surface finishing in comparison to SLM e EBM
e Complex shape and geometrical precision

e No supports are needed !!!

e Density also greater than 99.5%

3D shape creation

Curing of 3D shape = «green»
Debinding = «brown»
Sintering 2 Metal components

INFN 19/05/2023
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;
PEEK production

PEEK MECHANICAL PROPERTIES
Tensile Strength (Ultimate) ASTM D638 XY 86 MPa - XZ 89 MPa
Tensile Modulus ASTM D638 XY 3.3 GPa - XZ 3.4 GPa
Flexural Strength ASTM D790 120 MPa
Technology developed by
Flexural Modulus ASTM D790 3.5 GPa .
ROBOZE guarantees maximum
PEEK THERMAL PROPERTIES .
material management;
Continuous Use ASTM D3045 250°c .
AU from hygroscopic control to
Melting Point ASTM D3418 343°c drying and preheating, up to
HDT @1.82 MPa ASTM D648 150°c the phase of gradual cooling
Glass Transition ASTM D3418 143°c of the produced part,
Temperature maximizing the crystallinity of
Thermal conductivity 0.43 W/m*K the PEEK printed_
Lowest temperature S70%¢
PEEK PHYSICAL PROPERTIES
Density ASTM D570 129 g/cm3
Water Absorption ASTM D792 <0.45°c Helios™PEEK 2005 <5}
Moisture Absorption ASTM D570 <0.10°c
. Carbon PEEK &
UL 94 Flame Class Rating UL 94 VO (@1.5 mm, @1.3 mm)
Volume Resistivity @23°C ASTM D257 1016 Ohm*cm PEEK O
Hardness ISO 868 87 Shore D
I N FN 19/05/2023 — Development and Innovation on Additive Manufacturing 36
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- Ti&Tialloy & Alalloy Extra Activities &.QOther.materials
AM design

Traditional design

e Stainless Steel 316L

Biomedical
sector

(o]
~ K
w
z
w
>
-
w
[=]
w
z
O
[V}
w
[+
~
-3
v
w
w

0ZOT/PIOT

Fashion
&

Design \

Tecnlogico

Trasferimento

 Auxetic material
- 316L; AlSi1l0Mg; CuCrZr

* Nb alloys — HEA

—> Baker Hugues Baker Hughes 8
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Material Properties Characterisation.

Pret = 8.89 g/em? measured on
an CuC2 (C10100) Pure Copper

Density measurements_ sampi

. Archimedes method

. Optical density method

_pbulk
Prer

Analysis of the cross section
Thermal conduchvnty measurements

* Measurements based on the physical principle of Fourier law Iq| = k-%
* Two samples are connected: one is a reference (Cu-OFE) and one is the

sample -
* The samples are heated from one side and cooled from the other o kyer- (IE),,,
* Once in stationary condition, the gradients are measured and the o (TaxI )m

conductivity is measured

krep = 396 w/mK

* The ASTM E1225-20 standard was followed

Tensile tests —_—

Tensile test performed on samples manufactured in both horizontal and
vertical direction of printing Standard ASTM E8 was followed

Maasured with Hot Disk Method

* Samples manufactured in both vertical and horizontal direction of printing

Vertical Samples

Horizontal Samples



Smoothed single channels Pressure drop results in single
channels

Straigh o
T Fap. NICE

& s & Ouned . Straight channel Duned channel Simile NICE channel
160 o Fxp. Straight 7

o CFD NICE-EWT 7

Duned = G Duned-TUT 7

- 70 Straght-EW T '/ 7

120 Favd L K
! '«
.

I
'
=3

Pressure drop [mbar]
-
=
8
»
e

N ICE P ’ P i Duncd channal
@ v A .
2
L 2 -
20 ,{*{/ e w
8 = T 5 4 3
20 w«,ﬂ!{ﬁ.v"'“ £1s0 Lsm 4 £,
o B ;' ‘3 2% I § 4
0 5 10 15 S ; m :’:‘ st E
@ £ o o
Water flow rate [1/min] & " < °
se m ¥ ) Y
) ,J"&";y A 9 =
G. Favero, et al., “Experimental and numerical ol & 2 e e - a
analyses of fluid flow inside additively v 1 ' [ ¢ 22 =
and cooling ., Watze -law kxte[Vir] § S.... ;‘n;ﬂn;:;mw
International Communications in Heat and Mass manufactured c;tmclion grid cooling channels for
Transfer, 135, 106128, (2022) the DTT Neutral Beam Injector”, Poster SOFT 2022

EG prototype

5x5 beamlets

|The integrated cooling system upgrade I

CuCrZr prototype
after heat
treatment

C JC IC JC X
N N

Heat flux map (from optical simulations
carried out by F. Veronese RFX)




Cﬁg Slotted Waveguide Injection Simulations

/2.0
[S.] curves Electric field module plot on side and front slices
11
anaiTes - BRI employing the side-coupled slotted waveguide injection
5 ;I v \4 [ system . Lo

-5 ’ * off-axis electric field component.
& -100
S g

v--—--CyIindricaI cavity
—— Plasma-shaped cavity

T~ i J
‘14 14.05 14.1 14.15 14.2 14.25 14.3 14.35 14.4 14.45 145
Frequency (GHz)

e Better microwave and power
coupling to the plasma

* E-field presents a maximum
around the cavity axis

EEEE

g §

IRIS: D. Mascali, G. Torrisi, G. Mauro, O. Leonardi,
ending n. 102020000001756,
ending N. PCT/IB2021/050696 //

(E0130645) BRE-sz
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Plasmas for

v PANDORA main goal: A New ECRIT — ECR lon Trap for investigating

ecay
Observation and

[radioactivity in a «stellar» environment

Archaeometry

PANDORA consists of:
S “‘””"}'“'“”‘“ 1) Superconducting Magnetic Plasma Trap: it contains
RFgenerator  RF waveguides . e a plasma made of multiply charged radioisotopes
/ Maess spoctrometer 2) HpGe Array: it consists of 14 detectors to measure the y
.' rays emitted after B-decays

3) Plasma Diagnostics System: it consists of RF, optical
and X ray spectrometers allowing direct correlation of -
decay rate to plasma density and temperature

Superconducting magnets
(coils + hexapole)

Horn antenna for
InterferoPolarimetry

Contribution (official %j

| N F N sites with budget and
e aweneeelOCal responsible)

It could “add unique research capability” [cvi-report 2019] in Astrophysics and
Nuclear Astrophysics in laboratory P —

Nuclear physics and
astrophysics in plasma
traps

TIFPA - Trento
INFN-LNL
INFN - Bologna

PANDORA is supported by INFN-
CSN3 as a facility to be realized
at LNS, involving 45 people in
Italy (including Researchers and
Technologists)+25 abroad

INFN - Perugia

INFN — LNS




