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Buncher localisation

Buncher
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Buncher specifications

Specifications :

▪ Frequency = 801 MHz

▪ Maximum length = 200 mm

▪ Targeted temperature = 30°C

▪ Power dissipated = 1,4kW or 5kW

▪ Material : OFHC

▪ Beam axes flange : CF50

▪ 2 ports : CF 16

▪ Vacuum port : CF40

▪ RF power coupler port : ?
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Buncher design review

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

Buncher

Cerl type

Nose Cone 
type
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Cerl Type buncher 
3D printed  
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Buncher RF characteristics

Jean Louis Munoz from ESS Bilbao Simulation’s

Perle - Cerl Type buncher - 3D printed 
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Buncher equipment

CF50

Plunger Grid

Vacuum pump

Antenna

Perle - Cerl Type buncher - 3D printed 
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Buncher design

Perle - Cerl Type buncher - 3D printed 
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Cooling system

Characteristic's :

3 circuits in // 

Pipe of Ø6 mm (internal)

min radius of 5mm

Perle - Cerl Type buncher - 3D printed 
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Cooling system pressure losses

Input :

• Inlet velocity of 3,5 m/s (0,1L/s)

• Outlet pressure of 0,2 MPa

• Ra of 25 μm

Perle - Cerl Type buncher - 3D printed 

Results :

• Pressure losses = 0,5 MPa (5 bar) for 

three circuit in series

• 0,17 MPa per circuit
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• Inlet water temperature at 20°C and a flow of 0,1 L/s

• Absorbed power of 5kW distributed according to the 

heat flow field (simulated by Patricia Duchesne)

Thermal Input

Perle - Cerl Type buncher - 3D printed 
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Results :

T max < 30°C

Thermal results

Perle - Cerl Type buncher - 3D printed 
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Input :

• Intern pressure : -0,10132 MPa

• Thermal dilatation based on 

thermal simulation

• Pipes pressure : 1MPa

• Pump weight : 50 N

• Gravity

Mechanical Input

Perle - Cerl Type buncher - 3D printed 
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Results :

Y Deformation (Beam axes) : 0,008 mm

X Deformation : 0,006 mm

Mechanical result

Perle - Cerl Type buncher - 3D printed 
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Results : 

Constraint < 33 MPa

Mechanical result

Perle - Cerl Type buncher - 3D printed 
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Buncher in stainless with copper coating

Stainless VS copper

• Can be bolted instead of brazed

• Similar efficiency of the mechanical strength

• CF flanges can be integrated in the 3D model

• Lower efficiency of the cooling system

• Deformation increasing

Perle - Cerl Type buncher - 3D printed 
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Nose Cone type buncher 
Cooling system brazed
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Jean Louis Munoz from ESS Bilbao Simulation’s

Buncher RF characteristics

Perle - Nose Cone type buncher - with cooling system brazed
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Buncher design

Perle - Nose Cone type buncher - with cooling system brazed
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• Inlet water temperature at 20°C

and a flow of 0,1 L/s

• Absorbed power of 5kW evenly 

distributed

Thermal Input

Perle - Nose Cone type buncher - with cooling system brazed
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Results :

T max < 35°C

Thermal results

Perle - Nose Cone type buncher - with cooling system brazed
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Input :

Intern pressure : -0,10132 MPa

Thermal dilatation based on 

thermal simulation

Pipes pressure : 0,5 MPa

Gravity

Mechanical Input

Perle - Nose Cone type buncher - with cooling system brazed
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Results :

Y Deformation (Beam axes) : 0,032 mm

X Deformation : 0,005 mm

Mechanical result

Perle - Nose Cone type buncher - with cooling system brazed
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Results : 

Constraint < Elastic Limit*

* 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

Mechanical result

Perle - Nose Cone type buncher - with cooling system brazed
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Nose Cone type buncher 
Cooling system machined 



29/01/2025 26

Buncher design review

Perle - Nose Cone type buncher - with cooling system machined 
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• Inlet water temperature at 20°C

and a flow of 0,1 L/s

• Absorbed power of 5kW evenly 

distributed

Thermal Input

Perle - Nose Cone type buncher - with cooling system machined 
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Results :

T max < 42,5°C

Thermal results

Perle - Nose Cone type buncher - with cooling system machined 
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Input :

Intern pressure : -0,10132 MPa

Thermal dilatation based on 

thermal simulation

Gravity

Mechanical Input

Perle - Nose Cone type buncher - with cooling system machined 
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Results :

Y Deformation (Beam axes) : 0,047 mm

X Deformation : 0,040 mm

Mechanical result

Perle - Nose Cone type buncher - with cooling system machined 
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Results : 

Constraint < Elastic Limit

Mechanical result

Perle - Nose Cone type buncher - with cooling system machined 
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Buncher design review

Weight 12 kg 14,6 kg 15 kg

Raw material ≈ 60 kg ≈ 100 kg ≈ 60 kg

X Deformation 0,006 mm 0,005 mm 0,040 mm

Y Deformation (beam) 0,008 mm 0,032 mm 0,047 mm

Constraint 18,3 MPa 38 MPa 32,4 MPa

T max 30 °C 34,2 °C 42,5 °C

Frequency shift* (≈ -91 kHz) -262 kHz -560 kHz

Feasibility ? Hard Feasible

Manufacturing time ≈ Days ≈ Weeks ≈ Weeks

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

The maximum temperature of the firs cavity should increase 

The maximum temperature of the second cavity should 

decrease 

Perle - Buncher

Future thermal simulations



29/01/2025 Perle - Buncher design review 34

Buncher design review

Weight 12 kg 14,6 kg 15 kg

Raw material ≈ 60 kg ≈ 100 kg ≈ 60 kg

X Deformation 0,006 mm 0,005 mm 0,040 mm

Y Deformation (beam) 0,008 mm 0,032 mm 0,047 mm

Constraint 18,3 MPa 38 MPa 32,4 MPa

T max 30 °C 34,2 °C 42,5 °C

Frequency shift* (≈ -91 kHz) -262 kHz -560 kHz

Feasibility ? Hard Feasible

Manufacturing time ≈ Days ≈ Weeks ≈ Weeks

*Frequency shift due to the mechanical constraint and thermal dilatation only
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3D printing feasibility

Discussion with Thomas PROSLIER from CEA (17/01/2025)

▪ First impression 

o No technical pb with the additive manufacturing of the Buncher

o Best way to build it : 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 Ø6mm

Perle - Buncher design review
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Only one machine in EU capable of printing this cavity :

• TRUMPF - TruPrint 5000 Green Edition

• At the AIDIMME Technologic institute (Spain) 

3D printing feasibility

Perle - Buncher design review
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Next steps

2025 2026

Research on the feasibility

Finalisation of 

the design

Finalisation of 

the design

Simulations

Estimation 

of the cost

Estimation 

of the cost

Estimation 

of the cost
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Technical drawings

Tests

• RF tests

• Mechanical tests

• Cooling system tests

• Vacuum tests

Fabrication

Adjustment

RF Power 

coupler

design Technical drawings

Estimation of the cost

Fabrication
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Call for tenders

Call for tenders

Simulations

Perle - Buncher design review
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Thanks
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Buncher with or without reinforcement 

Perle - Nose Cone type buncher - with cooling system brased

Results : 

without reinforcement Deformation = 3,75 x with reinforcement Deformation 
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Buncher with full or inclined reinforcement

Perle - Nose Cone type buncher - with cooling system machined 

Results : 

Deformation : Full = 0,87 x inclined

Weight : Full = 1,33 x inclined
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Buncher with vertical or inclined reinforcement

Perle - Nose Cone type buncher - with cooling system machined 

Results : 

Deformation : Vertical = 1,28 x inclined

Constraint : Vertical = 1,04 x inclined
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Simulations with 1,6kW

Perle - Cerl Type buncher - 3D printed 
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Simulations with 1,6kW

Perle - Nose Cone type buncher - with cooling system brazed
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Simulations with 1,6kW

Perle - Nose Cone type buncher - with cooling system machined 
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*Frequency shift due to the mechanical constraint and thermal dilatation only

5kW 1,6kW

Simulations with 1,6kW


