- LAPP

Laboratoire d’Annecy de Physique des Particules

—
S

Design of beam pipes for GWT

Status report of WP1 contributions
Monday 27 March 2023

- %Y) .

Co-funded by the =2 | UNIVERSITE
. SAVOIE

European Union MONT BLANC



 UAPP Introduction

Summary of contributions of WP1 members :

* CERN
WP1: WP2: WP3: WP4: WP5: WP6:
engineering production treatments transport installation vacuum
* LAPP
Design and Choice of

engineering of materials and
the vacuum manufacturing

°® IJ C LA B chamber technology

Choice of Installation Choice of
post- Handling and procedure and vacuum

manufacturing logistics interface with pumps and
treatments other systems valves

WPT: WPS8:
prototyping coordination
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CUCAPP

IJCLAB
VIRGO SOLUTION SCALING
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cUAPP

Virgo solution

“Thick” 304 stainless steel tube with circumferential stiffeners & bellow

ETgen

+ @ tubes: @1200 mm
* Longueur : 14,370m
* Epaisseur : 4mm
* Raidisseurs espacés de 1200mm - épaisseur : 8mm
» 2 Raidisseurs aux extrémités - épaisseur : 16mm
« 2 Leévres de soudure aux extrémités
*  Matiere : Inox 304L - A2 (14307 - x2cenita-9)
+ Téles laminées a froid
» Essai en fraction pour mesure de la limite élastique a
02%et1%
20°C pour téle d'épaisseur 4mm

» Traitement thermique
- 20°C et 160°C pour téle d'épaisseur 2mm

»  Chauffé & 400°C dans l'air pour décharger
I'hydrogene de I'Tnox

1. 20°C a 400°C en 24hrs minimum
2. 400°C & £10°C pendant 72hrs
3. 400°C & 20°C en 24hrs minimum
= Prévoir un flux d'air pour extraire I'Hydrogene

20/01/2023

» | FACULTE

universite | oessciences
PARIS-SACLAY | D'ORSAY

Université
de Paris
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Bellows

G. laquaniello | Réunion d'avancement WP1 #2

AN EENEN

Flexible support

Standard stiffened tube

Fig. 3100.1  Standard module

Rigid support

Lip

CERN, 27/03/2023
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c UAPP Virgo solution

,» | FACULTE p
universite | oessciences Université
PARIS-SACLAY | D'ORSAY N de Paris

.M Rencontre avec la Cl

» Virgo — UHV Module //@/}VlRGD

—_—

é’Sheets 2 mm th. %Sheets 4 mm th. T —
S Flat bars

Bellows ylmders
> Rings

‘\\\\\\\:\

{
]
Baffles e
(CNRS deliver) I\ Feet —_—

19th February 2020 EGO-CNIM meeting on ET project a4 =NlM

20/01/2023 G. laguaniello | Réunion d'avancement WP1 #2
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c UAPP 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)

To speed up this production time :
« Hire several companies
« New fabrication process
* Increased productivity

CERN, 27/03/2023 G. Deleglise 6



c CAPP Virgo’s tube fabrication feedback

VIRGO actualized cost :

* InJanuary 2020 CNIM estimated that VIRGO cost would be
actualized from 11,8M<€ to 18M€

Stainless steel cost ( $/ton)

ET — Input data for cost estimate Qg)
. En dollars / tonne Q
s v

If we had to do the same now: o N

I )

\ |/

/ \/
404 UHV modules 15m x @1.2m | 1997-2002 RoM price 2020 4000 Q 2 i /
Manpower 66000 hours 5.3mé Qq/ !
Raw material 10.1m€ 3500 ()/ /
Other procurements 2.4mé€ 3000 /
Transport 0.14m€ 0.2m€ J
Contract price 11.8mé€ 18.0m€ 2500 N\ P— Y
\ TN\ i

Excluded: 1 2000 X
- Validation mock-ups & Prototype Rough estimate -
- Tooling No commitment 1500 i
- Workshop equipment 55(4:&: A \-\ > '\‘:. \z \6,‘;:3\2 “t“i-‘bi«{ \«"\\":\‘:}'ﬁ N .@\ .\Q&: % \q\‘.g. .,@*,,51 ,\9‘!%‘;} B 'gp*ﬁﬁ* >
- Any new requirement S S e A T N 0 o N T N L o 9 e P F AP o N

Source : https://www.deperv—dufour.fr/cours-metaux/

404 UHV modules 15m x #1.2m RoM price 2023

Manpower 5.3m€
Raw material Mfﬁ 20.2m€
Other procurements 2.4mé€
Transport 0.2mé€
Contract price ch 28.0m€

CERN, 27/03/2023 G. Deleglise 7
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c UAPP Virgo’s tube fabrication feedback

Einstein Telescope ‘s tubes cost estimation in 2023 :

Stainless steel cost ( $/ton)

By extrapolation : (Lg‘ib
* Based on Virgo like design

« without tooling investments Q

- Without design variation Q,Qq’

R R N R R A A A A A RN '{‘."D\r\?:\'i”
B R N R N e P R P A U A RO R
S S Wt e e St Wt PSS WS W
HEF RS B S Bl R Rl ST Sl Wy
< & < X < < < K <

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

Cost around 560M€
Production time : 8080 days & ~ 22/ 31 years

Pipe ready to install, no supports, no insulation

CERN, 27/03/2023 G. Deleglise 8
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c CAPP FEM Simulation of Virgo technical solution

Starting point of scaling study

- A . FACULTE
. £ NSTEIN 411 universiteé  oes scunces W Université
” Structure St , ogeers

« Résultats du tube sous pression :
+ Contrainte Equivalente (MPa)
« Déplacement Directionnel (Axe Z)

Conditions limite
« 2 pieds fixe
+ 1déplacement libreen X & Z

+ =»|e déplacement en Y réponds en
analyse modale

Chargements
« Gravitéen Z-

« Pression de 0,1 MPa sur le tube

« Dimensions :

Longueur Tube : 12000mm
Tube : 4mm

Raidisseurs : 8mm
Raidisseurs Extrémité : 16mm

20/01/2023 G. laquaniello | Réunion d'avancement WP1 #2

Buckling factor ~= 3

CERN, 27/03/2023 G. Deleglise 9



cUAPP

Design variation screening

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

Several configuration tested :

* Thickness

« Length

 Stiffeners (circumferential
& / or longitudinal)

+  Solution 54 : Ajout de raidisseurs
longitudinaux

«  Solution S5 : Doubler les épaisseurs
+ Solution S6 : Diviser les épaisseurs

+ Solution S7 : Diviser I'épaisseurs des

raidisseurs par 2

+ Solution S8 : Diviser I'épaisseurs des
raidisseurs par 4

+  Solution S9 : Epaisseur de tube de
3mm

+  Solution $10 : 2 fois plus de
raidisseurs

+ Solution 511 : 2 fois moins de
raidisseurs

20/01/2023

d'avancement WP1 #2

Has implication in terms of
transport

74 Contraintes de transpc unersitd | it L] Yniersee

@ B A

!

Catégories des transports exceptionnels selon leurs dimensions

Longueur Largeur Poids
1" catégorie Entre 166 et 20 m Entre26et3m Entre 44 et 48 tonnes
{Zentgie eweazn  mwesasm | mwessazoms |
3€ catégol Au-dela de 25 m Au-delade 4 m Au-dela de 72 t
http: publ 3661
20/01/2023 G. laquaniello | Réunion d'avancement WP1 #2 32

CERN, 27/03/2023
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< CAPP Design variation screening

After having computed 14 different configurations
IJCLAB is now entering in more refined simulations for best candidate :

 Influence of supporting system
 Ground to baffle transfer function estimations

Dimensions :
+ Longueur Tube : 24'000mm
«  Tube : 4mm
* Raidisseurs : 8mm

* Raidisseurs Extrémité : 16mm

0 45e+03 Qe +03 (mm)
2,25¢+03 6,75¢+03

CERN, 27/03/2023 G. Deleglise 11



c CAPP Last developments @ IJCLAB

Semi rigid configuration Suspended configuration

Cables \

Cables

Damping Damping

Masse des 4 tubes : 15T

CERN, 27/03/2023 G. Deleglise 12



< CAPP System frequency respons

Solution Semi-Suspendue - R

NSTEIN S oy Université
€ NS universite | oes sciences N 21
ET TELESECPE Exfpémité PARIS-SACLAY | D'ORsAY L de Paris

+ Résultats des tubes sous leurs propre poids :

+ Déplacement Directionnel
(Axe X) - Intensité : 1 mm

Réponse en fréquence - Extremité 2 - X

= Conditions limite

.

+ 2 paires de tubes suspendues en
3 points par des cdbles de @20mm en

Amplitude (mm)
B
I
ol

acier standard et fixe sur montant a2
vertical 100x100 creux, épaisseur 10mm e - /
Qs 10, 20, 30, 40,
+  Taux d'amortissement : 1% Fréquence (Hz)
L
+ Chargements =
«  Gravité en Z- i""” T
50, p T q
+ Dimensions : ’!'”- H
4 E- Kb
» Longueur Tube : 24000mm < 05 10, 2, 30, 0,
+  Tube: 4mm Ui i

* Raidisseurs : 8mm
» Raidisseurs Extrémité : 16mm

More details concerning TF @end of this presentation

e

Lieu, 27/03/2023 Nom Prénom de I'émetteur
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CUCAPP

CERN
CORRUGATED SOLUTION

CERN, 27/03/2023 G. Deleglise
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CUAPP

Starting point

Mechanical aspects

Wall thickness in the range 1.2-1.5 mm can be considered for a buckling
differential pressure of 3 bars.

Height [mm]

»
Equivalent thickness [mm]

1.3 mm thick wall chamber is a good compromise with a 120 mm pitch and 35

mm corrugation height. Possible optimisation with other constraints.

Mechanical aspects

Column Stability for hanging structure

100 m model:
+ 2D eigen value model: buckling force: 22.15 kN

P S e R T T B S ST | IS —

g ——

+ 3D non linear model:
« Instability at ~ 23 kN (930 C)
« Plateau with stable deformation related to initial imperfection

Displacement [mm]

Displacement [mm]

—— DT —ora3s — o or700 —or-ea0

Abscissa [m] Force [kN]

System layout
Solution #1
10 km

Valve module
every 10 km

Pumping and Pumping
elecrical module

module y Every 500 m Support  Vacuum chamber.
Every km Interconnection PP ~am

Mechanical aspects

1mm < 425N

Specific stiffness:
« Axial (E.S): 1.53E6 N
+ Transversal (E.1): 2.4E11 N.mm?2

Specific weight: 48 kg/m

Bakeout induced axial force: -3.3 kN
(< 95 kN thrust force)

1Tmme 615N

Euler buckling force (in case of
accidental venting during bakeout),
assuming simple supports distanced
by 7.5 m : -42 kN

- Global column instability not expected.

CERN, 27/03/2023

G. Deleglise
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c UAPP Proposed solution

Proposed solution :

Solution proposée

Insulation

Concept:

+ Aspects mécaniques: tube corrugueée a paroi fine

*+ Diamétre : 1.1m

» [Epaisseur de paroi du chambre: 1.3mm
* Longueur du secteur: 14m

+ Insulation thermique basée sur la mouse phénolique et/ou polyuréthane
+ Moins de poussiére
* Installation plus facile par rapport aux autres solutions proposées
+ Solution standard de fournisseur

+ Compatibilité avec le vacuum bake-out jusqu'a ~150°C

23 November 2022 Hana HAVLIKOWVA, Cedric GARION | Conception, intégration et fabrication du prototype

Numbers are to be considered as working assumptions

CERN, 27/03/2023 G. Deleglise 16



c UAPP Associated supporting concept

The proposed design, based on a suspended vacuum chamber, aims at
reducing vibrations on the baffles.

Basic concept is based on harmonic oscillator and aims at lowering the
first eigen frequencies.

Insulated vacuum
chamber

Aramid fibre ropes

CERN, 27/03/2023 G. Deleglise 17



< UAPP Associated supporting concept

Support layout

Space for tube module
interconnection — insulation 1/4
- mounted additionally

~15m

“ (e H!H'\ ”u [N “HM ‘ Hl\ (Il ’ I M“ M‘QHE?Jli‘-‘ii;]‘iﬂ‘h’i}]|l‘hlﬂ ""'W."“iﬂj?‘i‘M 1L 1 ‘j‘f] W I ,lll m T ;“

Support side view

Support up view

Hana HAVLIKOVA, Cedric GARION | Design, integration and prototype manufacturing

CERN, 27/03/2023 G. Deleglise 18



CUAPP

Supporting beams tuning system

Suspension system

- TECHNORA rope (already used in CERN)
- System of 3 pulleys

- 2 adjustments by screws
Rope length: ~ + 5 cm (vertical position)

Horizontal position: ~+ 1 cm

Transversal damping device can be easily
implemented if required

Hana HAVLIKOVA, Cedrnic GARION | Design, integration and prototype manufacturing

CERN, 27/03/2023

G. Deleglise
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CUAPP

Supporting beams tuning system

Work is going on to develop in further details this concept

1st proposed solution

- Regulation system of 2 threaded rods and nuts —
simple tool needed for adjustment

- Inner beam placed on bearings

- Clevis joints for attachment system — simplification of

rope attachment

1st proposed solution

Simulation used to optimize the beam size to avoid the
flexion (maximum of 1 mm)

(lower beam, axis, upper beam)

Optimize supporting system sizing :

« Sag mitigation

» Introduce realistic representative stiffness in FEM

CERN, 27/03/2023

G. Deleglise 20



cUAPP Vibration analysis 1/2

Vibration analysis

Finite element model:

Corrugated chamber modelled by an equivalent smooth chamber with shell elements:

- Same mass distribution
- Equivalent longitudinal and circumferential stiffnesses

10 cm thick insulation PU foam

__—Rope are modelled by bars.

Baffle at the chamber extremity -

The influence of vacuum on the chamber stiffness is considered in the model.

Lieu, 27/03/2023 Nom Prénom de I'émetteur 21



< UAPP Vibration analysis 2/2

Vibration analysis

Eigen modes and frequencies:

9.9242Hz

f~04Hz w= %

First mode corresponds to a pendulum (horizontal
displacement).

k
~34Hz = |—
f w 7

Second mode corresponds to a spring/mass system (vertical
displacement).

f=

f= 5.7609Hz

f= 4.8555Hz

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

Oscillator frequency can be easily tuned if needed

CERN, 27/03/2023 G. Deleglise 22



 UAPP Ground to baffle transfer function

Imposed ground motion :

« Arbitrary

» Flat over frequency span
« Coherent motion

=

Baffle displacements

Should be considered  Considered in current FEM

"‘:.1"‘""".“-‘ 'l"“.\"‘."“\\j“v“w‘m T o R R
B R R R R A R PR R E R B R R R
S e I S e T I e S T T

Considered baffle location

CERN, 27/03/2023 G. Deleglise 23



Ground to baffle transfer function

CUAPP

Vibration analysis

Transfer function: Ground motion in vertical direction v

1.E+2
Displacements applied at the rope extremities and
observed at the baffle location.

60 70 gy ——w

e

20 30

|
Amplitude ratio
3
s

k

Different ropes/supporting frames have been -
considered

Frequency [Hz]

Transfer function for the retained solution

CERN, 27/03/2023 G. Deleglise 24



cCAPP Ground to baffle transfer function

Transfer function: Ground motion in horizontal direction

1.E+01

Freguency [Hz]

1E01

» Efficient reduction of horizontal ground motion.

« Behaviour under direct force excitation
(ventilation?, ...) needs to be assessed.

» If required, dampers may be easily implemented.

1E-02

1E03

Amplitude ratio

1LEO7

1E08
Transfer function for the retained solution in horizontal direction

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

CERN, 27/03/2023 G. Deleglise 25



CUCAPP

LAPP

CORRUGATED SOLUTION VIBRATION
ANALYSIS

ALTERNATIVE TUBE CONCEPT
PROPOSAL

CERN, 27/03/2023 G. Deleglise
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c UAPP Second solution family : Collars squeezing tube

Collar (between two corrugations)

Positioning and fixing devices

zoom, 27/03/2023 G. Deleglise 27



CtiA\PP STATIC AND MODAL MODEL DESCRIPTION

B Fixed Nodes
€ Modal mass (12 kg)

Q Symmetry

Distributed mass all around the tube (85 kg)

LoADS : External pressure 0.1 MPa & Gravity




CtiA\PP CORRUGATED TUBES, ALTERNATIVE SUPPORT

Loads :
e External pressure
* gravity

0.31606 Max
-1.4472
-3.2104

0.13115 Max
-1,5383

-4.9736
-6.7368

-85

-10.263
-12.026
-13.79
-15.553 Min

Lieu, 27/03/2023 Nom Prénom de I'émetteur 29



c CAPP 2 Vs 3 supports comparison

Z Tranfert Function
100

10

—e— 35 Excitation Z Imposed ground
: D displacement

Amplitude (mm)

Baffle displacement

01
] 5 10 15 20 25 30 35 40 45 50
Fréquence (Hz)

-

Vertical ground to baffle transfer function
Similar curves in horizontal direction

zoom, 27/03/2023 G. Deleglise 30



Suspended Vs rigid

UAPP

30000

Tee0d

Simplified models, sufficient for comparison purposes

Suspended

Supports position and tube concept being the same

31

G. Deleglise

CERN, 27/03/2023



< LAPP Beams Vs suspended comparison

Z transfert function X transfert function
1,00E+03 1000
100
1,00E+02
10
1,00E+01 V
(] Q 1
o o
2 2
2 2
< N\~ < o1
1,00E+00
0 5 20
0,01
1,00E-01
0,001
1,00E-02 0,0001

frequency [Hz]

frequency [Hz]

“rigid” Beam support / suspended

zoom, 27/03/2023 G. Deleglise 32



G?APP Direct force excitation

Ansys

2022 R1

Displacements amplitude
Excitation forces

0 25e+03 Se+03 (mm) 2

[ I I

Direct excitation X transfert function
100

10 “rigid” Beam support
' suspended

0,1

0,01

0,001

0,0001

0,00001

0,000001

0,0000001

Amplitude [mm]

0 5 10 15 20 25
frequency [Hz]

Suspended solution more sensitive to direct force excitation on tube

CERN, 27/03/2023 G. Deleglise 33



< LAPP Alternative tube design

Two concentric stiffened tubes :

e thickness 0,5 to 0,3mm

« Coupled thanks to injected filler material (PU Foam, glass foam, ...)

CERN, 27/03/2023 G. Deleglise 34



cCAPP Static FEA under gravity& vacuum

G 4,3mm

Simply supported at both end (remote displacement)

First Eigen frequencies

Tabular Data
Mode ||7 Frequency [Hz]

7.5704
8.6283
24,325
25705
43,491
50,118

mlu‘ll.h.ll.,ulml—l-
moen el g

First buckling mode( without compression load & initial imperfection)

Lieu, 27/03/2023 G. Deleglise 35



< UAPP More details Analysis Including supports

Work is ongoing to develop in further details this concept

0.0048404 Max
4 -0.24159

1 -0.48802
-0.73446
-0.98089
-1.2273
-1.4738
-1.7202
-1.9666
-2.2131 Min

9¢+03 (mm) 9¢:+03 (mm)

Mode ||7 Frequency [Hz) \
11,526

8e+03 (mm)

Graph roOx

‘\;—{,1 1 5 Animation |4 b [B]»] |[0] @ | 20Frames  ~[25ec(aute) ~| B @ [ & | B B | 30yl [SA L
56.088 e

. |57.229 <l [ 10 1]
10.  57.402 e

2
3

4

5. !

6. 41113 " S—E——
7

8

9

e T [

-ouooaslar|u1:~w-a

B
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c UAPP First assessments on tubes productions steps

External tube supported underneath

First buckling mode
under self weight

Comfortable safety margin

Low safety margin
Third central sling mandatory

__‘ﬁ’ ’ ,'t::“‘
| 033530
L 02236
o118

3,408e-12

AN ~=0,15

Producibility of such concept is probably be the critical point

CERN, 27/03/2023 G. Deleglise 37



CUAPP

IFAE

CERN, 27/03/2023

G. Deleglise
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CUAPP

IFAE activities for ET beampipe

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

N O 3. Eigenmodes B 5. Thermal

HF BAFFLE FREQUENCY ANALYSIS Vogo o] s tl <1 I — Zaiaction] HF BAFFLE THERMAL ANALYSIS
1 5177 57222610 75683e-10 8707209
. H 0827 46754811 49581610 85003608, T
: Rlng 3D mesh 3 70924 2.9606e-10 1.0646e-09 29593208 Rlng 3D mesh
- Baffle 2D mesh 4 10052 409005 0.00060501 6156607 - Baffle 3D mesh
° 000050338 282692 07 - Heat power 0.05 W distributed over the inner surface
5516%-10 b2157 :

021057
For the Baffle, the most worrying modes are the 1.8612e-03 50116e-11 2518309 of a truncated cone

7
ones related with Baffle axis (z-axis), which might 7 frielis s - Interfacial conductance between Baffle and Ring of
lead that the scattered light couple with the 10 5530911 £.1576e-11 48475e-08, 300 W/m?K, let’ analyze 3 contacts instead of 6
interferometer fundamental mode. Bum= 100078138 BuinY = 0.00076151| BumZ - 021057 - Ring outer surface fixed @ 15 degrees Celsius

The table shows that @ 121.87 Hz (sixth mode) the
participation mass is about 21.1 % in the Z-axis
direction, so this would be for us the “critical”.

Aly

| - g © ExceLENCIA
T §, ocHOoA

Institut de Fisica Barcelona Institute of
o Altes Energies @ Senc i echmotogy 3/16/2023 3




CUAPP

IFAE activities for ET beampipe

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.

Welded + sheet

e A e me sheet metal metal

1,5mm
i bendi
certification
ross cleaning I
| laser cuf |
1

AlSI 304L 2B
In class 100 Cold rolled

clean room 3 Mo

Cleaning and Material
Fackaging bake out certification

= E n E q 9 Eégglﬁgblcm
|

y» OCHOA

Institut de F‘s'ca Barcelona Institute of
d'Altes Energies @ Senc i echmotogy 3/16/2023 4




c UAPP Some identified key points

Baffle integration

- 2 options proposed by IFAE J""""“MM“ @

1. Fixed to beampipe inner ring 2. Fixed to beampipe inner wall Baﬂ:le Welg ht IS ~12 Kg

(welding) {spring)

Possibility of lf"f- > Lip welding
- Critical frequency: 1-100Hz. contamination__ ‘ )
- Lateral vibrations more critical than vertical ones. by gas
- Possible contamination of baffles during welding to | '
be assessed. T J e

- Waiting for the vibration transfer function
requirement (ground to baffle), to decide in which
direction to go for the supporting system.

1 side coating
Baffle

CERN, 27/03/2023 G. Deleglise 41



CUCAPP

IFAE activities for ET beampipe

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

—— ET-LF sensitivity —— ET-HF sensitivity
- Safety margin
— Euregio

—— Sardegna

----Safety margin

Euregio

—— Sardegna

Strain sensitivity [1/v Hz]
Strain sensitivity [1/V Hz]

10° 10! 10?
f [Hz|
BEMm =L Pamee
ErMas ¥ oo

Institut de Fisica Barcelona Institute of
o Altes Energies @ Senc i echmotogy 3/16/2023 4




CUAPP

CONCLUSION

CERN, 27/03/2023 G. Deleglise



cUAPP 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

e Less sensitive to direct excitation

Strong implications on :
* pumping modules (mounting / decoupling)
« Sector valves

zoom, 27/03/2023 G. Deleglise 44



cUAPP Conclusion 2/5

Tube concept comparison :

. . : :
Virgo s tube scaling Stainless steel mass comparison

— Well known solution

, : solution mass [Kg/m
— Large quantity of stainless steel [Kg/m]
_ Virgo scaling 137
e Corrugated solution :
. . . Corrugated 49
— Study is well advanced, prototyping on going
— Minimization of stainless steel necessary double tube 49 /29
— Relatively soft tube, no need of below Pipe itself, no supports, ...

— 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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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 ?

1,00E+08

1,00E407

1,00E+406

1,00E+405

tud

TF ampl

1,00E+03

1,00E+02

1,00E401

1,00E+00
1,00E+00

v
1,00E404 /\%ﬂd"

I To be considered :

—— maxTF_HF_SAR, txt

maxTF_LF_ERM ° for Vertical ?
maxTF_LF_SAR ° for hOI’IZOﬂtal ?

1,00E+01
Frequency [Hz]

In any case we have to address direct forces effects too

zoom,
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Conclusion 4/5

Simulations / max ground to Baffle transfer function

1,00E+08
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TF Amplitude
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1,00E-03

1,00e-04
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1,00E+00
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Frequency [Hz]

m@“@@@ﬂ

——maxTF_HF_ERM

——max TF_HF_SAR, txt

—— maxTF_LF_ERM
maxTF_LF_SAR

Horizontal LAPF 25
Horizontal LAPFP 35

Vertical LAPP 35

Vertical CERN solution

Horizontal CERN solution

Horizontal UCLAB rigid

Vertical UCLAB Rigid
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Others talks & Topical discussion foreseen during this meeting :

e Try to fix / confirm inputs for those study
* One3armssite /2 x2 arms sites
* Tubes diameter

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

* Better knowledge of tunnel and integration constrains

We should take advantage of those days to learn from each other
& draw guidelines for furthers studies
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THANKS
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