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Mechanical Engineering Design and Simulation for SPIRAL2

= GANILand SPIRAL2
= Mechanical Design Group @ GANIL

= Examples :
1- CAD Integration of SPIRALZ Installation

2- MEBT Rebuncher (design and heat-transfer simulation)
3- Target Station in S3 (heat-transfer transient simulation)
4- Design of S.E.M. Profiler

5- Dynamic Seismic simulation

=  Conclusion
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The SPIRALZ2 project @ GANIL is a superconducting lon Continuous Wave LINAC with two
associated experimental areas :

. S3 (Super Separator Spectrometer)
. NFS (Neutron For Science).
Location : Caen, Normandy, FRANCE |

IN2P3

Les deux infinis
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SPIRAL 2 in numbers :
« 138,5 Millions Euros
« 20 national and international collaboration labs
» 12 years of development

First particle First NFS
acceleration Experiment
2015 2019

Project Start Construction Building
2006 begins 2011 ready 2014

Sortie des cavités ——)
20 MeV/A (61000 km/s) | ¢ Neutron
)
= at ns"" at _r-;+ -~
@ veuton 61 67 6” 6’ = =
Cible de

matiére brute

Sortie du RFQ.
0,75 MeV /A (12000 km/s)

rtie ECR
60 keV /A (3400 km/s)

: e
| ¥ ,
%’l ; "‘ d“' d Cryomodules contenant ="~ ___..ceeee="""TTTT
S e— les cavités accélératrices -*="7"
65m de type A etde type B
( ....................................................................................................................................
1
o wols GE @& <5

Sortie des cavités
5 MeV /A (31000 km/s)

SOURCES
DIONS Cible d'uranium
(92 protons)

Dispositif expérimental
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Mechanical Design Group @ GANIL :
« 6 permanent engineers and designers (+ trainees and short-term contract)
« Knowledge range from : ions sources, beam lines, cryogenics, detectors, systems...
« Different types of mechanical engineering skills

CAD
Integration

Dynamic \ Heat transfer
FEA ‘ FEA
Simulation

simulation

Mechanical
Design

Cécile Barthe-Dejean GANIL-SPIRAL2 28th June 2018
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1. CAD integration of the SPIRAL2 installation

§ IO S Taare. - 8 X

e PLM software Smarteam and CATIAVS |-: . . .oiin o
— allow complex collaborative design | -
development at large scale

5| Projet IN2P34

Pibivenca  Promt SRIRALE

* || tetechorot] Lo ek
2 . I
D

PagliD . PROHIERE

« Collaboration labs using Smarteam
plateform : GANIL, IPNO, CENBG,
IPHC, IPNL, LPC-C, LPSC, SUBATECH

« Exemple : LINAC CAD integration
« 12 Cryomodules type A (CEA /IRFU)
« 7 Cryomodules type B (IN2P3/IPNO)

Cécile Barthe-Dejean GANIL-SPIRAL2 28th June 2018
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Mechanical Engineering Design and Simulation

for SPIRAL2 @GANIL
CAD integration of SPIRAL2 installation

Complete CAD assembly model in CATIA v5 is 11 Giga-octets : most important CAD
assembly of CNRS/IN2P3 database.

S3: contains 2700 differents PARTS and sub-models.

DESIR
(in progress....)
e R 0

-
-
——————

-

—r

= S
L
S3/DESIR/GANIL

Beam transport lines ‘\-\fﬂ‘\_—:&\
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2. MEBT Rebuncher

2018

Radio- frequency (88 MHz) 3-gap cavity
= maintain beam longitudinal dimension
— prepare beam before LINAC.

o], [ [ean] [zl [aes] [5] =i 5] [F5] [F=4] [=4] [E5] || =2 [E4] [F5]
RFQ T T
S B
'-_—il:ﬁ : | - = \
—.urr-ﬂ._> i' i Iﬁ']— _-..
b gl IRy E
iy .
ez o] \ |

Mean Energy Beam Transport
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2. MEBT Rebuncher

1,5 kW to be dissipated inside the cavity

Cavity :
Stainless
steel
covered
with copper

electrode
(120V)

Motorised
panel

Power
input

Optimized cooling system : maximum AT=50°C between all parts

Color Scale

Global Res

Time
Unit :| deg.C -

E60.53710327

57 07373962

53.610375938

5014701233

46. 68364868

43 22028503

38 75692139

36.2935577 4

32.83019409

20.36683044

25 9034668

Parameters : Bt

Default Maps : =

[C1 Freeze Bounds
[_1 Out of bounds Saturation
[_1 Cyclic color map

Close

', ....

|

tww

Color Scale x|

Global Results
(Pmenﬁal energy 72.072136 J‘

e

1 - 0.22313775
0.20082397

0.1785102

0.15619642

0.13388265

0.11156887

0.0892551

0.06694132

0.04462755

0.02231377
= 0

Parameters : >>>

Default Maps : >>>

[_] Freeze Bounds
[_] Out of bounds Saturation
[_] cyclic color map

|_cuse |

T.,.,=60°C
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2. MEBT Rebuncher

Challenge : Stem differential thermal expansion shall be limited
=> to control the difference in gap and concentricity between stems .

copper deposit
——70um min

ohal Results
ptential energy 4 34026 J

014356925

tube inox

'\C

NG

\,  stainless steel

8102 JW beam line

A\
|
Y

012921232

0.1148554

010049847
Stem en cuivre 0.08614155

548
473

0.07178462

0.0574277

0.04307077

|
il

0.02871385 vl
(I ma
LA

0.01435692 1
ARt

circuit d'eau

water cooled

eeeeeeeeeeeee
uuuuuuuu
mmmmmmm

Max expansion 0,14 mm

Courtesy Matthieu Michel
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3. Target station in S3 lon

beam

AIM : stable behaviour of target under high

beam intensity

=> Rotative Target:

« Maximum rotation speed : 3000 rpm

 Beam energy : 340 MeV at 10 ppA Stainless

(power 500 W to 1kW) steel shaft

e Target : Ti-C-U thickness <10um and cavity

Aluminium wheel
and target sectors

Onrespecte les densités de
puissance sur chaque élément :

40% 15% + 15% 75%
1 SZ + SR S6
» 15% 15%
=) & 5
15% 15%

Ss Sg

lon beam power distribution on the target

Courtesy Franck Lutton, Patrice Gangnant
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3. Target station in S3

Results of Thermal Transient analysis
on the target @3000 rpm :

» Max temperature on Uranium target : 440°C
(TfusionU= 1135 OC)
« Thermo-mechanical stress on wheel : 230 MPa

Cortrainte Equavalents

Type: Contramnte équrcalente (Von-Misg
Unitéz MPy

Temps: L

Personnalkisé

M 25365

Min: 00020263

2082013 13:17

25165
22548

VA,
(%
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4 S E M P rofi Ie r Profifeur d émission secondaire d'électrons

Prafil horizontal :
47 fils werticaus

Profil vertical :
Ligne de faisceau | 47 fils horizontaux

Secondary Emission Profiler : S.E.M. ' x\ .”H"i”h-:m-‘-gi

Profiler is a beam monitor : used to analyse the ion beam

The beam is passing through the wires and extracts
electrons => create an electrical current in the same ratio as
the energy transfered to the wire.

Profilers are composed of a grid of golden tungsten wires of
220 to @150 pm.

The total mechanical accuracy of this diagnostic is +/- 0,1 mm

Actuator stroke : 120 mm

Courtesy Patrice Gangnant, Roman Revenko
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5. Seismic simulations

SAFETY REQUIREMENT : In case of earthquake, equipments > 500kg
shall NOT be projected and affect the buidling used as containement
barrier for radiation shielding.

P — Spectre sismique S3
En application de la RFS 2001-01, le Séisme Ma| org E Sécurité de Caen est caractérisé par une E@gmiuﬁe 5,71 1
et une distance au foyer de 10 km. .
s spectres de réponse d'oscillateur associés sont représentés sur les figures ci-dessous. 09 ‘ 'g;
10 | |\
| 038 J "f
T | 1\
/// T~ i 07 ‘/r—\\ "\\
: { ; ¢ N
T AR =
&a -
N = [N
e I e —— =
. m!’l.l I [ 100 I
Fréquence (Hz)
Figure J-2-14 : Spectre de réponse du SMHV au rocher
quefil en
Nuclear Authority : Max Seismic risk in
Normandy : magnitude 5,7 Civil Engineering : Spectral Load

Dynamic Modal-spectral Analysis
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5. Seismic simulations

Combined static and spectral load
Gravity +/- seismic

=> Post-treatment : Von Mises Stress on
support and anchor feet

Modal Analysis : Eigen frequencies

0,00 500,00
I I
250,00 750,00

Spectre sismique S3 et modes propres
uuuuu

6000

5000

preainll

N ———w Anti-seismic anchorage to ground : HILTI type C2

HIT-RE 500-SD +

40 60 80
Fréquence (Hz)
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5. Seismic simulations
FASTERNER and WELDS : EUROCODE 3 criteria

o)
eq< Ju Gnormales%
F F (Ym2) YMm2
v.5d t.5d <1
Fyra L4Fira => Development of a specific program

for ANSYS to calculate normal and

Combined traction and shear Criteria shear stress in the welds

Cécile Barthe-Dejean GANIL-SPIRAL2 28th June 2018
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laboratoire commun CEA/DRF CNRS/IN2P3

Very Large CAD Models Assembly,

SKILLS Collaborative PM,

Integration Building, Systems and Process,

CAD
Integration

Seismic skills :

* Regulation, Dynamic
*  Modal-spectral analysis, FEA

»  Welds calculation, Simulation
»  Anti-seismic Anchorage .

High Temperature
Rotative Target :

Heat
\ transfer
FEA
simulation

dynamic, heat transfer
transient simulation

(presented in USA High Power
Targetry Workshop 2018)

Mechanical
Design

More reliable mechanism,

Tolerancing,
Drawing dimensioning

Cécile Barthe-Dejean GANIL-SPIRAL2 28th June 2018
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NNNNNNNNNN

CONCLUSION

An international project of a magnitude such as SPIRAL2 has led the designers
and engineers to improve methods of design and simulation, and has required
significant development and upgrading of skills.

%“\\‘@
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