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Specifications :
= Frequency =801 MHz = Beam axes flange : CF50
= Maximum length = 200 mm = 2 ports: CF 16
» Targeted temperature = 30°C = Vacuum port : CF40

= Power dissipated = 1,4kW or 5kW * RF power coupler port : ?

= Material : OFHC

29/01/2025 Perle - Buncher design review 3
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N,

Nose Cone
type

29/01/2025

université w Université
PARIS-SACLAY Paris Cité

Cerl Type buncher :

Manufacturing with 3D printed copper

~

Nose Cone type buncher with cooling

system brazed :

Classic machining

Cooling system brazed

£

[ =)

~

Nose Cone type buncher with cooling

system machined :

Classic machining

Cooling system machined

Perle - Buncher design review
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29/01/2025 Perle - Cerl Type buncher - 3D printed
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Jean Louis Munoz from ESS Bilbao Simulation’s

lllllllll

& Table 7: Design Parameters PERLE buncher cERL-type.1
Parameter Value
Rpipe (m) 0.025
g (m) 0.07
0 (deg) 43.5
Ry (m) 0.076
R2 (m) 0.0027
R (m) 0.004
R; (m) 0.004
W (m) 0.152
Roue (m) 0.1282
Lyose (m) 0.0
y ¢ERL, (m) 0.001 v
Leay (m) 0.126
I.?"'" ley (m) 0.001 a2
lea (m) 0.001
B 0.8048
RF frequency (Hz) 8.0156 x 10° e
Conductivity o (S/m) 5.8 x 107
Gradient (V/m) 1.4 x 10°
Geometry filename perle_buncher_cerl 01_geom.dxf
v
<« Lcav/2 »

29/01/2025 Perle - Cerl Type buncher - 3D printed
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Buncher equipment

Plunger

Grid

Antenna

Vacuum pump

Perle - Cerl Type buncher - 3D printed
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29/01/2025 Perle - Cerl Type buncher - 3D printed
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Cooling system

Chéracteristic's :

3 circuits in //
Pipe of @6 mm (internal)

min radius of 5mm

29/01/2025 Perle - Cerl Type buncher - 3D printed
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Input :

* Inlet velocity of 3,5 m/s (0,1L/s)

* Qutlet pressure of 0,2 MPa
« Raof 25 um

29/01/2025 Perle - Cerl Type buncher - 3D printed 10
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Inlet water temperature at 20°C and a flow of 0,1 L/s

B:The,mique;.a.iuna;fe Absorbed power of 5kW distributed according to the

Thermique stationnaire
Temps: 1, s

e heat flow field (simulated by Patricia Duchesne)

@ Température: 20, °C

Débit massique 1: 0,1 kg/s S

Débit massique 2: 0,1 kgfs 2 =4 B: Thermique stationnaire

B Convection 1: 22, °C, 1,25e-002 W/mm?®® ) Al b
Temps: 1,5

. m n Unité: W/mm?

B Convection 2: 22, °C, 1,25-002 L_Ir’ ZEC r 27/01/2025 15:53

T 0,069928 Max
E Flux de chaleur importé 0,062158
0,054388
B 0,046619
w 0,038249
0,031079
0,023309
0,01554
I 00077603
L 58516e-8 Min

puncher-3D prined
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B: Thermique stationnaire
Température

Type: Température

Unité: °C

Temps: 15

16/01/2025 09:43

= 30,066 Max

' 20,783 Min

Results :

T max < 30°C

0,00

Ansys

2024 R1

50,00 100,00 {rmm)
]

20/01/2025 . Perle-CerlType buncher - 3D printed

25,00 75,00
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Structure statique

Temps: 1, 5

16/01/2025 09:43 2024 R1
= | v
[A] support sans frottement . __/_5_ __}:———:——‘—l——:@ Z_ z Y

Support cylindrique: 0, mm

I n Ut : Pression: -0,10132 MPa

@ Pres 2:0,2 MPa

é ter
[F] Force: 50, N

. Grav rrestre: 9806,6 mmys® ¢ g .
J
.1/
Intern pressure : -0,10132 MPa (8] Force 210N j a
E] Force 3: 10, N ——
[ Pression T1: 1, MPa
[I] Pression T2: 1, MPa |

Thermal dilatation based on
thermal simulation
Pipes pressure : 1IMPa

Pump weight : 50 N

Gravity

0,00 50,00 100,00 (mim)
]

20/01/2025 . Perle-CerlType buncher - 3D printed
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C: Structure statique C: Structure statique

Déplacement directionnel ¥ A y Déplacement directionnel X I\ y
Type: Déplacement directionnel(fxe ) ns s ns s

Type: Déplacement directionnel{&xe X)

Unité: mm 2024 R1 Unité: mm 2024 R1
Systéme de coordonnées global p Systéme de coordonnées global
Temps: 15 f Temps: 1 '
16/01/2025 09:43 b 16/01/2025 09:43
0,0076321 Max & 0,0064089 Max
0,0061473 N 0,0050407
0,0046626 o 0,0036725
0,0031778 0,0023043 e
0,0016931 0,00093605 |
0,00020834 -0,00043217 Wl
-0,0012764 -0,0018004
-0,0027611 -0,0031686
-0,0042459 -0,0045368

L _0,0057306 Min o

— -0,0059051 Min

<4

Sy
ol Z

. —
T—
. .
0,00 50,00 100,00 () 0,00 50,00 100,00 (i)
| |
25,00 75,00 25,00 75,00

Results :
Y Deformation (Beam axes) : 0,008 mm

X Deformation : 0,006 mm

buncher -
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Intensité de contrainte Ansys

Type: Intensité de contrainte

Unité: MPa 2024 R1

Temps: 15
16/01/2025 09:43

Results : - 2

14,274
: 12,236
Constraint < 33 MPa
81612
6,1235
: Structure statique 4,0839
Eéti;s;té‘dec9'ndéinte o Ansys B 5 e
u{mﬁ;:m e contrainte 2024R1 . 0,010651 Min

Terps: 15
16/01/2025 09:43

15,414 Max

L 13720
12,044
10,359
86734
6,0882
5,303
36178
1,9326

L 024747 Min

0,00 50,00 100,00 {mm})
|

100,00 {mm}
]
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Temps: 15
16/01/2025 16:37

= 57,042 Max
52,82

Stainless VS copper

— 19,054 Min
- L3

000

50,00

@ université Université
PARIS-SACLAY Paris Cité

Ansys

2024 R1

y:
A

100,00 (mm)
—]

C: Structure statique
Déplacement total

= 0,03309 Max

0,029433

0, 775

0,022117
0,01846
0,014802
0,011144
0,0074864
0,0038287

' 0,00017097 Min

. -~

0,00

50,00

29/01/2025

Ansys

2024 R1

180,00 {mm)
—

Perle - Cerl Type buncher - 3D printed | e 16




/‘J université Université
Coo F 0 R . W e

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

29/01/2025 Perle - Nose Cone type buncher - with cooling system brazed
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Eigenfrequency=8.011255e8 Multislice: emw.normE*3832 (\ird
-50 ] co

. . . . y
Jean Louis Munoz from ESS Bilbao Simulation’s
< W2 .
A
: \ Table 6: Design Parameters PERLE buncher Nose_Cone_1

R Parameter Value

1 Rpipe (m) 0.025

g (m) 0.0472

0 (deg) 32.57

R, (m) 0.0125

Ry (m) 0.0081

R3 (m) 0.0032

R, (m) 0.0032

W (m) 0.08
Ryye (m) 0.1336

R ) Lyose (m) 0.005
out Leay (m) 0.126
ley (m) 0.0002

ley (m) 0.0002
o) 0.8048

R2 RF frequency (Hz) 8.0156 x 10%
\ Conductivity o (S/m) 5.8 x 107
Rs Gradient (V/m) 1.4 x 106
\ 9 Geometry filename perle buncher nosecone 01 _geom.dxf
2 ja :L nose
R4 |
Rpipe
v

+Lcavi2

v

29/01/2025 ~___ Perle- Nose Cone type buncher - with cooling system brazed
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29/01/2025 Perle - Nose Cone type buncher - with cooling system brazed
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B: Thermique s.tatiopnaire
ormai Ansys

2024 R1

tionnaire

* Inlet water temperature at 20°C

and a flow of 0,1 L/s
* Absorbed power of 5kW evenly

distributed

100,00 (mrm)

20/01/2025 . Perle-Nose Cone type buncher - with cooling systen
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B: Thermique stationnaire

Température I\ y
Type: Température n s s

Unité: °C 2024 R1
Temps: 15
16/01/2025 09:53
m 34,192 Max
32,59
30,987
29,38
27,783
26,181
24,579
22,976
1 21,374
— 19,772 Min

0,00 50,00 100,00 {mrm)
]

25,00 75,00

20/01/2025 . Perle-Nose Cone type buncher - with cooling sys
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Structure statique I\ y
Temps: 1, s ns s
16/01,/2025 09:53 2024 R1

. Gravité terrestre: 9806,6 mm/s°
Pression: -0,1 MPa
Pression 2: 0,6 MPa
@ Pression 3: 0,5 MPa

I n ut : [E Support cylindrique: 0, mm 4 .

Intern pressure : -0,10132 MPa
Thermal dilatation based on (G
o

thermal simulation

Pipes pressure : 0,5 MPa

Gravity

S
o~y = 4 = J;
e _—J | L—’:—/
0,00 50,00 100,00 {mmm)
|
25,00 75,00

type buncher - with cooling system brazed 22
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C: Structure statique
Déplacement directionnel ¥

Type: Déplacement directionnel{&xe )
Unité: mrm

Systéme de coordonnées global
Temps: 15

16/01/2025 09:53

0,03227 Max
0,025117
0,017964
0,010811
0,003658
-0,003495
-0,010648
-0,017801
-0,024954
-0,032107 Min

Mechanical result @ = Wi

C: Structure statique

Déplacement directionnel X A y
Type: Déplacement directionnel{Axe 3 ns s
Unité: mm 2024 R1
Systéme de coordonnées global

Temps: 1
16/01/2025 09:53

0,0054605 Max
0,0035349
0,0016002
-0,00031645
-0,0022421
N . -0,0041677

) -0,0060934
. -0,008019
L i -0,0000447
-0,01187 Min

re—

0,00 50,00 100,00 rnrn) 0,00 50,00 100,00 {rmrn)
| |

25,00 75,00 25,00 75,00

Results :
Y Deformation (Beam axes) : 0,032 mm

X Deformation : 0,005 mm
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Intensité de contrainte I\n sys

Type: Intensité de contrainte

Unité: MPa 2024 R1
Temps: 15
16/01/2025 09:53
38,013 Max A
33,81 ! _
29,608 >
25,406 N
21,204 _—
_ 17,002 R S -
12,8
u 85973 &
4,3951

— 0,19293 Min

Results : » / ; |
.\ LY

Constraint < Elastic Limit*

/’
<

0,00 50,00 100,00 {rrirn)
]

25,00 75,00

* The copper elastic limit is 33MPa, in some point of this simulations, the constraint is > 33 MPa. It's due to the mesh, not the real constraint

29012025 Peile-Nose Conetype buncher -ith cooling system brazed g
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29/01/2025 Perle - Nose Cone type buncher - with cooling system machined
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CFS50

| y 940 |
CFLO
”. S0 ([ [
111.72
151,52
167.52

29/01/2025 Perle - Nose Cone type buncher - with cooling system machined
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siomice Ansys

2024 R1

* Inlet water temperature at 20°C
and a flow of 0,1 L/s
* Absorbed power of 5kW evenly

distributed

20/01/2025  Perle-Nose Cone type buncher - with cooling system



Results :

T max < 42,5°C

B: Thermique stationnaire
Température

Type: Température

Unité: °C

Temps: 15

16/01/2025 10:05

M 42,493 Max

JJJJJJ

24,484
| 21,911
' 19,339 Min

A " <
@ upverstd WA o

00

100,00 {mm}
J

75,00

Ansys

2024 R1
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des 2 Infinis C: Structure statique
Structure statique
Temps: 1, 5
16/01/2025 10:05

. Gravité terrestre: 9806,6 mm/s®

@ Pr e interne: -0,1 MPa
[€] rts: -0,1 MPa
@ es e brides: 0,2 MPa

I n ut : E Support cylindrique: 0, mm

Intern pressure : -0,10132 MPa

Thermal dilatation based on

thermal simulation

Gravity _
“

Ansys

2024 R1

29/01/2025 ~ Perle - Nose Cone type buncher - with cooling system machined
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Mechanical result

C: Structure statique

Déplacement ¥

Type: Déplacement directionnel{&xe )
Unité: mrm

Systéme de coordonnées global
Temps: 15

16/01/2025 10:05

0,046719 Max
0,036344
0,026160
0,0158%4
0,0056104
-0,0046556
-0,014931
-0,025206
-0,035481
-0,045756 Min

C: Structure statique

I\I’ISYS Déplacement X

Type: Déplacement directionnel{&xe X)
2024 R1 Unité: mm

Systéme de coordonnées global

Temps: 15

16/01/2025 10:05

0,039883 Max
0,031082
0,022281
0,01348
0,0046757
-0,0041223
-0,012023
-0,021724
-0,030526
-0,039327 Min

0,00 50,00 100,00 {mrn)
|

25,00 75,00

t’lmvemte gﬁ"vsusité

IS-SACLAY [«53

Ansys

2024 R1

0,00

50,00

100,00 (rmrm)
]

25,00

75,00

Results :
Y Deformation (Beam axes) : 0,047 mm

X Deformation : 0,040 mm




Mechanical result
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Results :

Constraint < Elastic Limit

A " <
@ smveress WA o

C: Structure statique
Intensité de contrainte

Typ nsité de contrainte
Unité: MPa
Temps: 15
16/01/2025 10:05

— 32,358 Max
28,768
25,177
21,587
17,996
14,406
10,815
7,2247
3,6342
J 0,043653 Min

o

MAnsys

2024 R1

50,00

100,00 {rmm)
]

25,00 75,00

20/01/2025 I Peile - Nose Gone type buncher - with cooling system machined I m
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Buncher design review

Weight

Raw material

X Deformation

0,040 mm

Y Deformation (beam) 0,032 mm 0,047 mm
Constraint 38 MPa 32,4 MPa

T max 34,2 °C 42,5°C
Frequency shift* -262 kHz -560 kHz
Feasibility Hard _
Manufacturing time = Weeks = Weeks

*Frequency shift due to the mechanical constraint and thermal dilatation only

29/01/2025

Perle - Buncher design review
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Future thermal simulations

With an absorbed power of 5kW distributed according to the heat flow
field (not evenly distributed) :
« The center of the cavity should be warmer

 The extern radius should be colder

= 42,493 Max
41,159

The maximum temperature of the firs cavity should increase

The maximum temperature of the second cavity should

decrease

20/01/2025 Perle - Buncher
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Weight

Raw material

X Deformation

Y Deformation (beam)

Constraint

T max

Frequency shift*

Feasibility

Manufacturing time

*Frequency shift due to the mechanical constraint and thermal dilatation only

29/01/2025

0,040 mm

0,032 mm 0,047 mm
38 MPa 32,4 MPa
342°C @ 425°C
262kHz 560 kHz
= Weeks = Weeks

Perle - Buncher design review
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3D printing feasibility
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Discussion with Thomas PROSLIER from CEA (17/01/2025)

=  First impression
o No technical pb with the additive manufacturing of the Buncher
o Bestway to buildit:in 2 parts
o Brazing temperature around 300 °C
= Price estimation
o 10k / 15k € for the machining with out the powder
o Powder: 200 €/kg => 12k € of powder
=  Useful test :

o Removing the powder in long pipe (1m or 2m) of @6mm

29/01/2025 Perle - Buncher design review
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3D printing feasibility

BUILD VOLUME (CYLINDER)

PREHEATING (STANDARD)

Only One maChine in EU Capable Of printing this Ca'Vity : MAXIMUM LASER POWER AT THE WORKPIECE (TRUMPF DISK LASER)

BEAM DIAMETER (STANDARD)

e TRUMPEF - TruPrint 5000 Green Edition LAYER THICKNESS

EUILD RATE

e At the AIDIMME TeChn0|Og|C InStItUte (Spa|n) CONNECTION AND CONSUMPTION

ELECTRICAL CONMNECTICN (VOLTAGE)

ELECTRICAL CONNECTION (CURRENT INTENSITY)

. TruPrint 5000

ELECTRICAL CONNECTION (FREQUENCY)

SHIELDING GAS

STRUCTURAL DESIGM

WEIGHT {INCLUDING POWDER)

DIMENSIONS (INCLUDING FILTER, ELECTRICAL CABINET) (W X H X D)

@ université Université
PARIS-SACLAY Paris Cité

TruPrint 5000 Green Edition

Diameter 300 mm x 400 mm Height

Down to 200 °C

800 W

210 pm

30- 150 pm

Down to 100 cm*h

TruPrint 5000 400 V
TruDisk 1020 400 V

TruPrint 5000 32 A
TruDisk 1020 16 A

TruPrint 5000 50 Hz
TruDisk 1020 50 Hz

Mitrogen, argon

TruPrint 5000 7007 kg
TruDisk 1020 530 kg

4616 mm x 2038 mm x 4234 mm

29/01/2025 - Perle - Buncher design review
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Next steps

des 2 Infinis
2026
Research on the feasibility . .
Technical drawings
Estimation
of the cost Call for tenders
= Fabrication
|
Finalisation of N Adjustment |
the design A N
L S
Estimation et T
of the cost E «  RF tests A
s «  Mechanical tests L
Simulations . A
| » Cooling system tests T
G
Finalisation of N S el e !
the design 0
N
Estimation
of the cost
Simulations
RF Power design Technical drawings Fabrication
coupler Estimation of the cost Call for tenders
29/01/2025 Perle - Buncher design review
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Thanks

29/01/2025 38




Buncher with or without reinforcement @ = wim

Laborato
des 2 Infinis

Results :

without reinforcement Deformation = 3,75 x with reinforcement Deformation

C: Structure statique C: Structure statique
Déplacement total Déplacement total
Type: Déplacement total Type: Déplacement total
Unité: mm Unité: mm

Temps: 15 Temps: 15

16/01/2025 09:53 17/12/2024 14:10

0,032281 Max v L 0,12507 Max

L ooz8704 \ W A ' L o137
0,025128 0,097672
0,021552 2 3 J 0,083074
0,017976 - 0,070276
0,0144 r 0,056578
0,010824 3 0,04288
0,0072476 ggﬁ;gg
0,0036714 X

L g,529e-5 Min B L 0,0017869 Min

1 0(]), 00 {mrn) ), 200,00 (mm)
]




Buncher with full or inclined reinforcement @ = Wi

A o
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Laboratoire de Physique
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21,911
19,339 Min

Results :

Deformation : Full = 0,87 x inclined

Weight : Full = 1,33 x inclined

\l




Buncher with vertical or inclined reinforcement @ oo Wi

Iréne Joliot-Curie

La bzo Ira;on re de Physique C:Structure statlaue C:Structure statique
des nrinis Intensité de contrainte I\ Déplacement total I\
Type: Intensité de contrainte nsys Type: Déplacement total nsys

Unité: MPa 2024 R1 Unité: mm 2024 R1
Tempsi 15 emps: 15
16/01/2025 10:05 16/01/2025 10:05
32,358 Max 0,04723 Max
26768 0,0434 .
25177 2 = A X 0,03965
21,587 o 0,03586
17,99 v 0,032071
14,406 7 Y 0,028281
10815 0,024491
7,2247 ’ 0,020701

d 36342
0043653 Min

0,016911
L 0013121 Min

= ’

Results :

C: Structure statique C: Structure statique

Deformation : Vertical = 1,28 x inclined [EErkksatm Ansys i s Ansys

Unité: MPa 2024 R1 Unité: mm 2024R1
emps: 1 5 Ternps: 15
16/01/2025 12:31 16/01/2025 12:31
- e
33,697 Max o _ 0,060433 Max
29,957 = - 0,05497
26218 0,049507
22,478 > 0,044044
. - . . 18738 - “ = - 0,03858
. — 14,098 - ¥ 2 X - 0033117
Constraint : Vertical = 1,04 x inclined i T\
75170 0022191
| 3770 $ | ooterzs
. 0,03798 Min L 0.011265 Min
e - d
- ‘ ; -
-
i
b -—-
- _— 4l
L] ® <
“\
J
b
L 3
? N
000 50,00 100,00 (mrr) 000 50,00 100,00 mrm)
I - IS -
25,00 75,00 25,00 75,00
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Simulations with 1,6kW

Laboratoire de Physique
des 2 Infinis

B: Thermique stationnaire
Température

Type: Température

Unité: °C & 2024 R1
Temps: 15 Y/ f

20/01/2025 14:01 = £

23,208 Max - S
L 22,879 1
22,551
22,222
21,893
21,564
21,236
20,907
20,578
20,249 Min

0,00 50,00

100,00 {mm)
|

25,00 75,00

C: Structure statique
Déplacement total
Type: Déplacement total
Unité: mm

Tempsi 15

29/01/2025 14:01
0,0095461 Max
0,0084878
0,0074296
0,0063714
0,0053132
0,0042549
0,0031967
0,0021385
0,0010802
2,1994e-5 Min

C: Structure statique
Intensité de contrainte
Type: Intensité de contrainte
Unité: MPa

Termps: 15

29/01/2025 14:01

11,625 Max
10,334

0,028

77514

64601

5,167

3,8774

2,5861

1,2047
0,0033605 Min

0,00

50,00

100,00 {mim)
]

Ansys

2024R1

Ansys

2024R1




0 . ° C: Structure statique
Déplacement total
Simulations with 1,6kW
’ Unité: mm
Tempsi 15
29/01/2025 14:22
0,030168 Max
- 0,026818
0,023467
0,020117
0,016767
0,013416
0,010066
0,0067154
m 0,003365
. 1,4555e-5 Min

Laboratoire de Physique
des 2 Infinis

B: Thermique stationnaire

Ternpérature An sys

Type: Température
Unité: °C 2024 R1
Temps: 15

29/01/2025 14:22

24,541 Max

24,029

23,516

23,003

22,491

21,978

21,465 C: Structure statique

20,952 Intensité de contrainte
¢ Type: Intensité de contrainte

2044 Unité: MPa

19,927 Min Tempsi 15

25/01/2025 14:22

18,452 Max
L 16410
14,386
12,353
1032
82868
6,2537
4,2206
B ;1875
0,15443 Min

0,00 50,00 100,00 {mmm)
]

25,00 75,00

0,00

50,00

100,00 (mrm)
]

Ansys

2024R1

Ansys

2024R1




Simulations with 1,6kW

Laboratoire de Physique
des 2 Infinis

B: Thermique stationnaire

Ternpérature I\n sys

Type: Température

Unité: °C 2024 R1
Temps: 15

29/01/2025 14:13

217,365 Max
26,522
25,679
24,836
23,993

23,15

22,308
21,465
20,622
19,779 Min

e
S ‘}(
\
N

0,00 50,00 100,00 (mm)
]

25,00 75,00

C: Structure statique
Déplacement total
Type: Déplacement total
Unité: mm

29/01/2025 1413

0,045273 Max
0,04027

0,035267
0,030265
0,025262

0,02026

0,015257
0,010254
0,0052516
0,00024898 Min

C: Structure statique
Intensité de contrainte
Type: Intensité de contrainte
Unité: MPa

Termps: 15

29/01/2025 14:13

21,965 Max
19,531
17,007
14,662
12,228 - s
9,7936 3
7,3593
49249
2,4906
0,05625 Min

0,00 50,00 100,00 (rarm)
I -

Ansys

2024R1

Ansys

2024 R1




université Université
PARIS-SACLAY Paris Cité

Simulations with 1,6kW

/‘.bJ Cub

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

N

SkwW 1,6kW

Weight Weight 12 kg 14,6 kg 15 kg

Raw material = 60 kg =100 kg = 60 kg

Raw material

X Deformation 0,040 mm X Deformation 0,005 mm 0,012 mm
Y Deformation (beam) 0,032 mm 0,047 mm Y Deformation (beam) 0,030 mm 0,045 mm
Constraint 38 MPa 32,4 MPa Constraint 18,5 MPa 22 MPa
T max 34,2°C 42,5°C T max 24,5°C 27,4°C
Frequency shift* -262 kHz -560 kHz Frequency shift* -247 kHz -395 kHz

Feasibility

Manufacturing time

Hard Feasibility 7 Hard Feasible
= Weeks ~ Weeks Manufacturing time = Days = Weeks = Weeks

*Frequency shift due to the mechanical constraint and thermal dilatation only
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