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With Crab Cavities




“HilLumi
HlL-1HEG PRDfIFCT

Cryagenle Jumper \
a LMEACIQCOL4a EOWS a2y

Uppsr Cravgwnic linw | [
LACACFOCNIAR (AR TRIINRAL,

<,

ALIGNMENT SYSTEM LHOACRIN 03

SUPPORT & ALRYMENT OF CAVTES

Cryogenic Service Bon |

FPEOUKTAN064 |

73922578, 00

Viarm magnetic shield (ACACAVS

Sre FOAMS §

‘I MLI “cokd™ (2K
1 I’.

|

| \

LHCACFTS Sgrehoinary deaigy fov Mastratios |

: ILE s (S0}

FACALETS et swers for (Wurtration )

HL-LHC-WP04—CRAB CAVITIES DQW CRYOMODULE FOR SPS

FS1 aysten (2x 8 heuds| LHCACRIM
Fov CAATY POSINAY WEASIREWENT

Radio-Frequence wave gulde

Fov BF gone sarale

Cavity dssembiy*

=Soc dotalied vicw

Taylor Hobson sphere
Surney

Valve Support
LHCACE (0282

Vnlvw Box

Sam LICACYVTOO2¢

RF GATE VALVE 1mona

Cold/ Warm Transition LM(
(M50 FOWS 1

RA5% & 17GRITS
BTAM zystem LHCACFAN

For CANTY FOGITION MESSLRERENT

Thcrmal seacen SOK LHCACrTS
S EUWE 1773140

Vacuum Yessal LRCACEYT
Bro EDMS ITI042S

F54 aystem {2x B heads} (RCACFAM

Lower ceyogenic Ine
For CANTY

“ LHCACRACHE?S
TION WEASURERENT 2

JEDWS 1231523

Allgrwent Jacks {x3) Laomacs
Pt deapy

HOM extraction lines (a6}
Coxein e 5D ahess

= - RF Gate valves: 2 pces
ElaE

ELNNS 0 1

22.00.202

4]

*DOW CAVITY ASSEMBLY

v

Tuner Actuation [
CACACH TULZT [EDVAYS 2853

HOM fillee LIICACFIC

S ZONS 21324082

y | FPC LHCALHAL

Fananonta! Pascr Coaple

£ DQW Cavity

OCaushe g

/| Hellum Tank
LHCACIMT=thwrlvm

Pick Up Anten

Sww COIAS 1704292

J ¥ Tunwr Frame cunacem
> Swe COWS 1505421
BCAM Targats
CHCRCEAN -

Pick Up Coaxial ling

W W S0 vy LHGAGHYL

HOM welonction linuw

CuwnW! e 50 thry LHCAGIRL

Information about DOW cryomodule

- Overall dimeanslons (L/1/h) 2800/950/1500mm
- Mass : ~3800kg (Without service box)

Cavity : 2x DQW

- HOM fllters ! 6 pces (3 par cavity)

- Pick Up Antenna : 2 pces {1 per cavity)

- Tuner : 2 unit (1 per cavity)

FSI Heads : 16 ports (8 por cavity)

-BCAM : 2 lines / 4 position fingers per cavity
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The RF fingers

« Link components which vary in length due to the change

In temperature
« Maintain electrical contact between the two components

« They are made of Copper Beryllium




The life cycle of a component
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Mechanical properties of a material

e Stress: o0 = E
AL
* Strain: g = —

Lo

Hooke's Law:




Determining the mechanical properties of Copper Beryllium

In order to perform such an experiment,
specimens made of the material which we
are interested in are fixed onto the
machine, which will pull the specimen until -
it breaks.

Tensile test




Observing the behaviour of the component After the tensile test




Results: stress-strain curve

The vyield strengths are different due to
the fact that we used two types of alloys:
the first one had more beryllium in its
composition than the second one.

T . The second one elongated more before
fracture.

Stress in MPa
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Strain in %

The initial slope is Young's modulus of elasticity (E)
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Design - assembly done in CATIA
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Technical drawings

Crab cavities assembly procedure




Simulations in ANSYS

18/11/2021 11:25

49.785
- 43563
- 3734
31.118
24.896
18.674
12.452
6.2294
0.007164 Min

e Based on Finite Element Methods theory (FEM)

* Using SpaceClaim to simplify the geometry of the object

* Using ANSYS to add the material data obtained in the
mechanical test (yield strength etc.)

* Generating a mesh

e Adding boundary conditions

* Applying a force of 10 N on the Y axis to simulate the
compression test

% \ N %
7 s P = AV W
T S 4 : ~ g2 \ N\ {: \\ / =
L . / & W 5 i S R / N >
2 P A ) N\ / N
4 Z \ N\ S
7 > \a z ‘ RN N 4 N\ >




D: Without flanges
Total Deformation
Type: Total Deformation
Unit:m

Time: 0

1741172021 12:13

0.0007084
0.00061985
— 0.0005313
= 0.00044275
= 0.0003542
—{ 0.00026565
= 0.0001771
8.855e-5

0 Min

! 0.00079695 Max




he metal sheet wasbent
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Assembly

Putting the parts together
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After bending, the rings must be welded onto the sheet.
For the welding process, the component was put on a support.




Machining technique: Laser Welding
| i

Fixing the component into
the welding machine

A quick check before pressing
the big green button

B~

... and setting
the
parameters on
the computer




What a nice weld!
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Machining technigue: Milling
We used milling (the tool is moving and the object is static) to manufacture two flanges, which we

connected to the lower and upper parts of the RF fingers in case we wanted to use them later, in

the compression test. Measuring the block Calibrating the piece
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The milling machine

The initial piece of Aluminium




Programming the milling pattern on the
computer
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After milling




Testing the component

* The component's behaviour
was simulated on the computer,
but now it's time to test its real
behaviour!

* The RF fingers were sprayed
with a white substance (talc)
and then with a black substance
(graphite powder) to create a
high contrast dotted surface.




into the machine

Fixing the component N B 5 m

Tracking of surface pattern Cross correlation to Strain_ calculated
during measurement determine displacement from displacement
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Digital Image
Correlation (DIC)
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Testing the component through compression
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Displacement
obtained
from DIC
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Bonus: .
a star on 1 franc coin




Scanning the material using an electron microscope
and determining the chemical components (Cu, C, O)
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Q W Thank you for
_ your attention!




