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Introduction

Summary of contributions of  WP1 members :

• CERN

• LAPP

• IJCLAB

• IFAE
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IJCLAB
VIRGO SOLUTION SCALING
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Virgo solution
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“Thick” 304 stainless steel tube with circumferential stiffeners & bellow



Virgo solution
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Virgo’s tube fabrication feedback

VIRGO :
• Excluding workshop preparation 13 month to produce 2 x 3km 

tubes (~1tube / day)

Einstein Telescope :
• To scale to 120km (considering 1 Tube/day)

~ 8080 days   ~ 22 / 31 years (calendar days / working days)
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To speed up this production time :
• Hire several companies

• New fabrication process

• Increased productivity



Virgo’s tube fabrication feedback

VIRGO actualized cost :
• In January 2020 CNIM estimated that VIRGO cost would be 

actualized from 11,8M€ to 18M€
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Stainless steel cost ( $/ton)

Source : https://www.depery-dufour.fr/cours-metaux/

https://www.depery-dufour.fr/cours-metaux/


Virgo’s tube fabrication feedback
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Einstein Telescope ‘s tubes cost estimation in 2023 :

Cost around 560M€

Production time :  8080 days   ~ 22 / 31 years

By extrapolation :

• Based on Virgo like design

• without tooling investments

• Without design variation

• …

Stainless steel cost ( $/ton)

Source : https://www.depery-dufour.fr/cours-metaux/

Pipe ready to install, no supports, no insulation

https://www.depery-dufour.fr/cours-metaux/


FEM Simulation of Virgo technical solution
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Starting point of scaling study

Buckling factor ~= 3



Design variation screening

CERN, 27/03/2023 G. Deleglise 10

Several configuration tested :

• Thickness 

• Length

• Stiffeners (circumferential 

& / or longitudinal)

Main idea was to produce longer tubes to speed up production time

• Has implication in terms of 

transport



Design variation screening
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IJCLAB is now entering in more refined simulations for  best candidate :

• Influence of supporting system

• Ground to baffle transfer function estimations

After having computed 14 different configurations



Last developments @ IJCLAB
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Semi rigid configuration Suspended configuration



System frequency response
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More details concerning TF @end of this presentation



CERN
CORRUGATED SOLUTION
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Starting point

CERN, 27/03/2023 G. Deleglise 15



Proposed solution 
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Proposed solution :

Numbers are to be considered as working assumptions



Associated supporting concept
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Associated supporting concept
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Supporting beams tuning system
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Supporting beams tuning system
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Work is going on to develop in further details this concept

Optimize supporting system sizing :

• Sag mitigation

• Introduce realistic representative stiffness in FEM



Vibration analysis 1/2
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Vibration analysis 2/2
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0,4Hz pendulum mode close to wave induced seismic ground motion (0,1 to 0,3Hz)

Oscillator frequency can be easily tuned if needed



Ground to baffle transfer function
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Considered baffle location

Imposed ground motion :

• Arbitrary

• Flat over frequency span

• Coherent motion

Baffle displacements

Transfer 

function

Should be considered Considered in current FEM



Ground to baffle transfer function
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Ground to baffle transfer function
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• Efficient reduction of horizontal ground motion. 

• Behaviour under direct force excitation 

(ventilation?, …) needs to be assessed.

• If required, dampers may be easily implemented. 

Transfer function: Ground motion in horizontal direction 

Recent developments consisting in simplified FEM of a 315 m long sector not 

presented in details 



LAPP

CORRUGATED SOLUTION VIBRATION 
ANALYSIS

ALTERNATIVE TUBE CONCEPT 
PROPOSAL
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Second solution family : Collars squeezing tube 

27

Collar (between two corrugations)

Positioning and fixing devices

zoom, 27/03/2023 G. Deleglise



STATIC AND MODAL MODEL DESCRIPTION
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Fixed Nodes

Modal mass (12 kg)

Distributed mass all around the tube (85 kg)

Symmetry

LOADS : External pressure 0.1 MPa & Gravity

BONDED CONTACTS



CORRUGATED TUBES, ALTERNATIVE SUPPORT
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Loads :

• External pressure

• gravity



2 Vs 3 supports comparison
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Vertical ground to baffle transfer function
Similar curves in horizontal direction

Imposed ground 

displacement

Baffle displacement



Suspended Vs rigid
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Simplified models, sufficient for comparison purposes

Rigid 

supports

Suspended

Supports position and tube concept being the same



Beams  Vs suspended comparison
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Direct force excitation

33

Excitation forces 

:

X =1N

Z = 1N

Displacements amplitude

CERN, 27/03/2023 G. Deleglise

0,0000001

0,000001

0,00001

0,0001

0,001

0,01

0,1

1

10

100

0 5 10 15 20 25

A
m

p
lit

u
d

e 
[m

m
]

frequency [Hz]

Direct excitation X transfert function

“rigid” Beam support 

suspended

Suspended solution more sensitive to direct force excitation on tube



Alternative tube design
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Two concentric stiffened tubes :

• thickness 0,5 to 0,3mm

• Coupled thanks to injected filler material (PU Foam, glass foam, …)



Static FEA under gravity& vacuum
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Simply supported at both end (remote displacement)

15 m

4,3mm

λ ~= 33

First buckling mode( without compression load & initial imperfection)

First Eigen frequencies



More details Analysis Including supports
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Work is ongoing to develop in further details this concept



First assessments on tubes productions steps
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External tube supported underneath 

First buckling mode 

under self weight

Comfortable safety margin

λ ~= 1,3

Tube supported at both ends 
Low safety margin

Third central sling mandatory

λ ~= 0,15

Producibility of such concept is probably be the critical point



IFAE
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3
9

IFAE activities for ET beampipe 

3/16/2023

IFAE is in charge of designing the ET beampipe baffles. Conducting modal and thermal analysis 

on the ET beampipe baffles to ensure optimal performance and prevent any potential disturbances in 

the instrument. By designing and analyzing the baffles, IFAE aims to verify that they meet the required 

specifications and operate seamlessly without impacting the overall functionality of the instrument



4
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IFAE activities for ET beampipe 

3/16/2023

Welded + 

sheet metal 

bending

sheet 

metal 

spinning

IFAE is also researching a mass production process for the ET beampipe baffles that satisfies the 

required technical specifications, cost-effectiveness, and ultrahigh vacuum (UHV) compatibility. This 

initiative aims to develop a feasible method for producing the baffles in large quantities while 

maintaining the necessary quality standards.

or



Some identified key points
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Baffle weight is ~12 Kg
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IFAE activities for ET beampipe 

3/16/2023

IFAE used analytic calculations and SIS simulations to evaluate important aspects of ET-HF & ET-

LF

Determine layout of baffle positions along the main arms

Determine the induced stray light noise in main arms as a function of  parameters

Seismic noise levels, baffle optical characteristics, mirror maps, wavelengths, apertures, transfer 

functions

For the moment considering beam pipe diameters of 1.0 m and 1.2 m for ET-LF and ET-HF, 

respectively

For the moment considering apertures of 0.84 m and 1.04 m  for ET-LF and ET-HF, respectively

Conservative baffle BRDF  of  0.01 str-1

Determine maximum mechanical transfer factors (from ground to baffle) acceptable (see separate 

slides)

ET-LF
ET-HF



CONCLUSION
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Conclusion 1/5

• Tubes boundary conditions :

– Suspended solution :

• Low pass filter for lateral basement excitation

• Depending on wire stiffness Low pass filter for vertical basement 
excitation possible too

• More sensitive to direct excitation (pumps, air flow , …)

– Rigid connection through Supporting beams :

• To minimize baffle vibrations it worth to put supports close to tube 
extremities

• Less sensitive to direct excitation
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Strong implications on :

• pumping modules (mounting / decoupling)

• sector valves

• …



Conclusion 2/5

Tube concept comparison :

• Virgo ‘s tube scaling

– Well known solution

– Large quantity of stainless steel

• Corrugated solution :

– Study is well advanced, prototyping on going

– Minimization of stainless steel necessary

– Relatively soft tube, no need of below

– Necessity to invest more in supporting

• Double tube sandwich :

– Concept seems to be interesting in terms of performance

– Stiffer tube / corrugated :

• Less support structure needed

• Axial deformation compensation parts to be integrated

– Fabrication is not straight forward : to be investigated in details
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Stainless steel mass comparison

solution mass [Kg/m]

Virgo scaling 137

Corrugated 49

double tube 49 / 29

Pipe itself, no supports, …



Conclusion 3/5

• Thanks to collaboration & visit to IFAE :
– Better knowledge/ understanding of baffle & their integration :

– We now have maximal admissible ground to baffle transfer 
functions

• baffle vibrations = only dynamic criterion  for ET tubes ?
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To be considered :

• for vertical ?

• for horizontal ?

In any case we have to address direct forces effects too



Conclusion 4/5
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Simulations / max ground to Baffle transfer function



Conclusion 5/5

Others talks & Topical discussion foreseen during this meeting :

• Try to fix / confirm inputs for those study

• One 3 arms site / 2  x 2 arms sites

• Tubes diameter

• Possibility to install HF arm at first step and to complete with LF arm 
afterward

• Better knowledge of tunnel and integration constrains

• …
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We should take advantage of those days to learn from each other 

& draw guidelines for furthers studies  



THANKS 
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