WBl=

VDLETG T&D

OVERVIEW OF POTENTIAL
MANUFACTURING TECHNIQUES
FOR CORRUGATED BEAMTUBE |
I |
i |

B
B 3 § N
L3}

Peter van der Heijden

’
VDL ETG T&D ll %Hm / =
01-10-2025 A s?rpzk ' ,}tﬁi OPERATION

Y e




CONTENT

4 Introduction

4 Description Beam pipe realisation processes
4 Vacuum basics

4 Beampipe materials

4 Beamtube rolling

4 Rolling corrugation

4 Welding

4 Leak testing

4 Packaging

Precisiebeurs 2025, 13-11-2025

Dimensions and shape

Challenging in creating a vacuum environment for Einstein Telescope



DESCRIPTION BEAM PIPE REALISATION PROCESSES

1 - Sheet material AISI N 2-Cleaning [, 3- Rollln_g sheet to [, 4 -Welding (long N 5.- Cleaning [, 6 - Rolling corrugated 7- Reyvork pipe ends
441 pipe seam) groves (interfaces)
L» 8- Cleaning > 9 Leak testing |, Bt LEIRCENC, |, AN Cleaning bake out —» 12 - RGA —> LSl E I —» 14 -Packaging
seam) pipe pieces qualification (cleanliness) (transportation) _‘
= i 19 - Cleanin 20 - Pump down 21 - Pump down
L= Bl el 16-Installing Baffles —»  17-Leaktesting —» 18-Pump down (HV) — - N >

pipe (round seam) plasma UHV XHV

Work packages:
»  Work Package 1: Industrialization for manufacturing and cleaning of 120km
corrugated vacuum beampipe o R
*  Work Package 2: Measurement and quality control of the cleanliness == - V)/-/

»  Work Package 3: Industrialization of the packaging and logistics from
production to installation and maintenance

*  Work Package 4: Plasma assisted bake-out and cleaning

EINSTEIN
TELESCOPE
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VACUUM BASICS

“ Outgassing
“=— desorption
“#—— adsorption

XHV environment
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6 - Rolling d 7- ends

3-Rolling sheetto 4-Welding (long

1-Sheet material AISI
— 2-Cleaning > pipe g seam) . §-Cleaning e groves —» (interfaces) T
. 10--Welding (Round ' 12-RGA 13- Packaging L 14 - Packaging
> 8- Cleaning +  9leaktesting > seam)pipepleces > 11-Cleaningbake out —» qualification  ~ (cleanliness) *  (transportation) —I

B EAM I U B E MAI E RIA LS L, 18-Weldingtobeam 16 - Installing Baffles —» 17-Leak i —» 18- p (HV) —» “'w > ZD-P:I::dnwn o = Pux'::“"n

pipe (round seam)

4 First check if base material (AISI 441) can achieve the Outgassing requwements’?

From atmospheric pressure after 10 hours
RGA Tool VDL ETG: H20: <BG
Inner surface 2092 [cm?]
Pumping speed 9 [U/s] e )
ping sp CxHy v: 1.30E-12[mbar I/s cm
Mass spectrometer Inficon Transpector 2 _
- Mass Range 1-200AMU ‘ HM “HI’” ' ‘ S
* Resolution: <1amuwide @ 10% peak height over the entire mass range N || i H ”I‘ !’lﬂ‘ﬂ”mml"lmllmu||||||||1u|wmnunlmuuunmlnnm||||m|||||||||||||||||||1|||||||||||||m|n|||||f
* Minimum detectable partial pressure: 6.6x10-1° Mbar
Pressure gauge Inficon BCG450
e Accuracy 10-8... 50 mbar % of reading +15
From in-situ after bake out after 10 hours
Background measurements RGA tool [mbar /s] ([mbar /s cm?2) " | H20:<BG
* From atmospheric pressure after 10 hours * From in-situ after bake out after 10 hours i CxHy v: <BG
« H20 2.28E-07  (1.09E-10) « H20 8.87E-10 (4.24E-13)
* CxHyv 8.39E-10  (4.01E-13) * CxHyv 1.24E-10  (5.94E-14) CxHy nv: <BG
¢ CxHynv 2.69E-10  (1.28E-13) e CxHynv 2.17E-10 (1.04E-13) t " H MH‘ d ’
i 0
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1- Sheet material AlSI | . 2. Cleanin; 3-Rolling sheetto " 4-Welding (long - Gleani B= 6- Rolling corrugated 5 7 - Rework pipe ends
Ing: B pipe seam) =" ne groves (interfaces) 1
10 - - Welding (Round _ 12 -RGA 13- Packaging 14 - Packagin:
B E B M TU B E ROI I I N G — 8- Cleaning > 9 Leaktesting —> seam)pipepleces > 11-Cleaningbake out —» duelificatian —» (eaniiness) > [lranspona%cg) —I
= 19-Cl 20-P d 21-P di
- I:I'p‘g’(erf::‘i‘:e::;" 16 - Installing Baffles —»  17-Leaktesting —» 18-Pumpdown(HV) — pla:r:r:“g —> ::5 o ‘::3 Sl
ey 2000mm (max. 3000mm?) 20000mm (10x 2000mm) R
5 < >
~ 5 13-256mm €
" . . . L4 » * L4 » *
-
— 1a
IR RIS R IR . . . . . . . . .
, . 2000mm (max. 3000mm?) P 20000mm (10x 2000mm)
‘ 3-5mm @ +——> < >

1b

20m beam pipe made of 10 pieces of 2m. Process: rolling pipe piece, welding (long seam), rolling corrugation or supporting rings, welding (round seam). Welding
length: 48.28 m

. 3 L .

i 20000mm 20000mm

» < > < >

- / R R e B
~ i' ° // Y /A S S
ot

g =

20m beam pipe made of 2 pieces of sheet metal. Process: rolling pipe piece, welding (2 x long seam) , rolling corrugation. Welding length: 40 m

) 20000mm B 20000mm
A b = >
~ 0 72—
, / / / “/
- vy 4
—y &= — 13 B 18 ﬁ-i//,, <o - 1 11 3148

20m beam pipe made of 1 pieces of sheet metal (band width 2 m). Process: spiral rolling pipe piece, welding (1 x long spiral seam), rolling corrugation.
Welding length: 31,5 m
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1- Sheet material AlSI | ] 3-Rolling sheetto I 4-Welding (long

6- Rolling corrugated | 7 -Rework pipe ends
pipe seam)

2:Cleaning -l groves (interfaces)

BEAMTUBE ROLLING o -

SPIRAL ROLLING PIPE PIECE

—» 5- Cleaning —»

10 - - Welding (Round

13- Packaging
seam) pipe pieces (cleanl )

— 11-Cleaning bake out —»-

o -

‘14 - Packagjng_

20-Pumpdown = 21-Pumpdown

—» 18- Pumpdown (HV) — UHV XHV

pipe (round seam)
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1- Sheet material AlSI » 3-Rolling sheetto 4-Welding (long N 6- Rolling corrugated 7 - Rework pipe ends
—» 2-Cleaning —» pipe —> seam) —» 5- Cleaning groves > (interfaces)
= 10 - - Welding (Round . 12 - RGA 13- Packaging 14 - Packaging
ROLLING CORRUGATION =~ == =™ wm e i o v o
L 15 - Welding to beam = 19-Cleaning 20-Pumpdown I 21-Pumpdown
pipe {rotind seam) 16 - Installing Baffles —»  17-Leaktesting —» 18-Pumpdown (HV) —* plasma —> UHV XHV

In development, no information available yet
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1-Sheet material AISI - 3-Rolling sheetto 4-Welding (long . 6 - Rolling corrugated 7 - Rework pipe ends
441 = 2-Cleaning o pipe seam) » -GCleaning - groves o (interfaces)
. 10 - - Welding (Round 5 12 -RGA 13 - Packaging 14 - Packaging
WE I D I N G » 8- Cleaning > 9 Leak testing > seam) pipe pleces # 11-Cleaning bake out —» qualification » (cleantiness) > (transportation)
15 - Welding to beam & 19 - Cleaning 20 - Pumpdown i 21-Pumpdown
e (it bedia) 16-Installing Baffles —»  17-Leaktesting # 18-Pumpdown (HV) —* e i UHV XHV

In development, still working on selection of welding techniques;

Welding techniques:

- Orbital TIG welding

-  K-TIG welding

- Vacuum laser welding

Key-words:

- Reliability

- Process control
- Speed

- Cleanliness

- Automation
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1- Sheet material AISI “ 3-Rolling sheetto 4-Welding (long - 6- Rolling corrugated 7-Rework pipe ends
441 — 2-Cleaning —» pipe — seam) — 5- Cleaning — groves —> (interfaces)
| 10 - - Welding (Round 12 -RGA 13- Packaging 14 - Packaging

—» 8- Cleaning g 9 Leak testing > —» 11-Cleaning bake out —» >

seam) pipe pieces qualification (cleanliness)

(transportation) j

LEAK TESTING — ——1

16-Installing Baffles —» 17-Leaktesting —» 18-Pumpdown(HV) —»

pipe (round seam) plasma UHV

Leak test flange options:

Air extraction O-ring (2x)

Backup ring

Spherical head

Aluminum close (KIdpper Béden)

flan,
Corrugate Metal seal ring ahge

vacuum pipe

Corrugate
vacuum pipe

seal ring

Aluminum close
flange
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21-Pumpdown
XHV




11

PACKAGING

In development, no information available yet
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1- Sheet material AISI " = 3-Rolling sheetto 4-Welding (long . 6 - Rolling corrugated 7 -Welding (Round
— 2-Cleaning =" pipe =" seam) " Betleanks =" groves seam) pipe pieces
8- Reworkpipe ends . | . ¢ L . 12-RGA 13- Packaging L 14 - Packaging
iithcticas) 9- Cleaning > 10-Leakiesting > 11-Cleaningbake out —» o CpRs {eisankiness) (Gorinaeon)
& & 19 - Cleaning 20 - Pump down 21 - Pumpdown
I—» 15-Weldingtobeam 45 jnoaiingBafiles —»  17-Leaktesting —» 18-Pumpdown (HV) — S

pipe (round seam)
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1- Sheet material AlSI olling sheetto 6 - Rolling corrugated 7 -Welding (Round
ot 2-Cleaning Hibe 5-Cleaning groves seam) pipe pieces
I I I | 8- Reworkpipe ends Al 12-RGA 13- Packaging ackaging
RA N S P O R A I O N — (interfaces) > 9 - Cleaning —+  10-Leaktesting —» 11-Cleaningbake out —» qualification — (cleantiness) 7 ti
15- Welding to beam L | ~ 19-Cleaning 20-Pumpdown
pipe (round seam) 16-in il k ng e Himedon () ‘| A a u




