LHC Vacuum Warm modules
Adaptation for areas with transversal offset
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LHC VM design (as installed)
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Operation limits of the design

1. Limits of the RF bridge
2. Limits of the bellow
3. Limits due to interference (1 & 2)

(CE/RW
\ ‘ 7/18/2019 Document re ference
S



Bellows for warm modules (DN100

Two types of warm bellows:

LHCVBU__ 0006 LHCVMTIAO0002

NUMBER OF PLIES: 1
THICKNESS OF ONE PLY: 0.15 NUMBER OF PLES: 1
NUMBER OF CONVOLUTIONS: 27 THICKNESS OF ONE PLY: 0.2
AXIAL STROKE: £ 20mm NUMBER OF CONVOLUTIONS: A2
MAX RADIAL OFFSET OVER FULL STROKEX 2mm AXIAL STROKE: t 20mm
MAX RADIAL OFFSET OVER FULL STROKE:] + 10mm
WORKING PRESSURE WORKING PRESSURE
TERNAL 0 o INTERNAL: 10 “'*mbar
INTERNAL: 0 ~**mbar TEST PRESSURE: 1.5 bar (Int.7Ext.]
TEST PRESSURE: 1.5 bar [Int.<Ext.) NOMINAL WORKING TEMPERATURE: 25°
NOMINAL WORKING TEMPERATURE: o5e MAXIMUM WORKING TEMPERATURE: 300°
LIFE TIME: SOOCYCLES
MAXIMUM WORKING TEMPERATURE: 300°
LIFE TIME: 500CYCLES
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Standard type LHCVBU 0006
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Collimator type LHCVMTIAO002
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Contact force parameters

Contact force between the fingers of the RF
contact and transition tube Is function of:

Geometry of the finger,
Length of the RF spring,

Overlap between the RF contact and
transition tube.
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Current design of warm modules
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RF contact fingers shapes

(159
) . ‘Not Ag coated
o7 IRLAT™ ¢ fol0.2[a] (]
/int : . /
/o /) Rsl wl /A [
PN y SR A A4 - i
- \\ int OIRECTION OF
\ RO5 ' ROLLED SHEET
| 117.8 |
- | o
Bo. A
r o
i
% PROFIL SCALE
o Not Ag coated
14 | ™~
It Lol [a)
I . RISO =20 /0 — , o _I i
L 170 O

1734
— .
CER = =
\ / | (1LO/1£VULY LJUCLUILIICIIL ICICICIILEe
N g



Contact force measurements
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Contact force measurements
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Contact force tests overview

Occurrences
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Conform: x>=10g
5<=x<10g

ID80 3 different measurements et s

Contact Force (g)

AXIAL (mm)/ RADIAL (mm) 20 25 30 35 40 45 50 55 60

-5 17.9 0 0 0 0 0 0 0 0

-4 23.1 0 0 0 0 0 0 0 0

+ 1D80 L1 contact force - 0 0 0 0 0 0 0 0

-2 25 0.2 0 0 0 0 0 0 6.1
measurements conducted by a1 S 5 . 5 0 - . " o0
Jose on 10/04/2018 0 34.5 12 0 0 7.4 7.8 9.9 221 315

1 32.7 7.2 0 0 0 0 0.5 8.9 16.9
2 25 0.2 0 0 0 0 0 0 6.1
3 24.1 0 0 0 0 0 0 0 0
4 23.1 0 0 0 0 0 0 0 0
5 17.9 0 0 0 0 0 0 0 0
Contact Force (g)
AXIAL (mm)/ RADIAL (mm) 20 25 30 35 40 45 50 55 60

-5 20.5 - -

-4 22 - =

-3 26 14 - -

* |D80 L1 contact force -2 26.5 26 - -

-1 29 34 5 - _
measurements conducted by 9 P s > . - )
Florian on 13/04/2015 1 29 34 5 : :

2 26.5 26 - -

3 26 14 - -

4 22 - _

5 20.5 - -

20 22 24 26 28 30 50 52 54 56 58 60
Contact force (g)
5 8.9 0 0 0 0 0 0 0 0 0 0 0
4 138 0 0 0 0 0 0 0 0 0 0 0
3 197 0 0 0 0 0 0 0 0 0 0 0
+ 1D80 L1 contact force | el 9 o 9 9 0 0 0 0 0
1 334 19.1 0 0 0 0 0 0 0 0 0.9 1.9
measurements conducted by 0 397 33.6 16.8 3.0 0 0 0 0.9 3.9 6.0 10.0 126
Viktoras on 05/10/2018 - e 0 0 0 0 0 0 0 0 09 L9
-2 26.0 5.5 0 0 0 0 0 0 0 0 0 0
-3 19.7 0 0 0 0 0 0 0 0 0 0 0
-4 138 0 0 0 0 0 0 0 0 0 0 0
-5 8.9 0 0 0 0 0 0 0 0 0 0 0



ID80 3 different orientations
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Conform: x>=10g

ID80 Contact force results oo s

Non- conform: x< 5g
Installed L (mm)
Overlap (mm) 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74
Deviation (mm)
JAXIAL (mm)/ RADIAL (mm)
8.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19.7 (] ] (] ] 0 0 0 0 ] ] ] ] 0 0 (] (] ] ] ] ] ] ] ] ] 0 ] 0
227 (] 0 (] ] 0 0 0 0 ] ] ] ] 0 0 (] (] ] ] ] ] ] o o o o o o
26.0 5.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.8
30.1 9.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 19 32 6.1 6.4 16.5
334 19.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 09 19 25 44 76 116 171 240 339
372 255 8.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 09 18 4.1 5.2 9.6 125 17.2 213 283 35.0 46.4
0 39.7 336 16.8 3.0 0 0 0 0 0 0 0 0 0 0 0 0 09 39 6.0 10.0 126 16.8 204 259 29.8 36.8 45.1 55.7
372 255 8.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 09 18 4.1 5.2 9.6 125 17.2 213 283 35.0 46.4
334 19.1 0 (] ] 0 0 0 0 ] ] ] ] 0 0 (] (] ] ] 0.9 19 25 44 76 11.6 17.1 24.0 339
301 9.6 0 (] ] 0 0 0 0 ] ] ] ] 0 0 (] (] ] ] ] ] ] 13 19 3.2 6.1 6.4 16.5
26.0 5.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 38
227 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10.4 (] 0 (] ] 0 0 0 0 ] ] ] ] 0 0 (] (] ] ] ] ] ] ] o o o o o
8.9 (] 0 (] ] 0 0 0 0 ] ] ] ] 0 0 (] (] ] ] ] ] ] ] ] ] 0 0 0
ID80 with 260mm spring length (TB v.2)
20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74
25.5 26.4 25.8 15.5 6.5 0 0 0 0 0 0 0 0 0 0 0 0 1.1 3.2 6.4 7.8 >10 >10 >10 >10 >10 >10 >10
26.5 271 26.1 16.2 6.9 2 0 0 0 0 0 0 0 0 0 0 0 1.8 4.5 6.7 8.9 >10 >10 >10 >10 >10 >10 >10
26.9 283 27.6 16.7 7.1 2.6 0 0 0 0 0 0 0 0 0 1 13 2.7 5.4 7.4 10.2 >10 >10 >10 >10 >10 >10 >10
28.2 29.8 25.6 18 8.8 3.5 1.8 0 0 0 0 0 0 0 0.5 29 29 4.8 7.4 9.8 14.3 >10 >10 >10 >10 >10 >10 >10
28.5 29 271 16.9 8.5 3 0 0 0 0 0 0 0 0 0 1.6 2.1 35 6.2 10.5 12.2 >10 >10 >10 >10 >10 >10 >10
30.4 319 249 18.5 9.4 5.2 2.1 0 0 0 0 0 0 1 2.1 4.3 4.5 6.1 9.7 11.6 14.7 >10 >10 >10 >10 >10 >10 >10
319 325 25.3 20.1 11 6.9 2.7 21 0 1.6 0 1.8 1.5 29 3.7 5 6.7 7.3 11.6 12.5 15.3 >10 >10 >10 >10 >10 >10 >10
327 33.7 26.1 20.5 12.1 73 29 2.5 1.2 2.2 0 24 2.3 3.2 5.3 5.8 8.3 9.2 13.2 139 18.1 >10 >10 >10 >10 >10 >10 >10
343 35.2 26.3 243 12.3 7.5 4.7 3.8 4.1 5.2 2.8 43 4.6 6 7.1 8.4 9.8 11.6 14.7 16.8 19.8 >10 >10 >10 >10 >10 >10 >10
36.1 37 28.5 29.9 17.2 13.7 9.1 7.3 8 7.6 7.9 8.7 9.3 10.7 11.8 14 14.9 16.4 215 20 26.9 >10 >10 >10 >10 >10 >10 >10
38.2 39.4 39.2 30.1 213 19.4 15 11.8 13.7 10.8 13.2 14.6 14.2 15.8 17.4 18.7 20.6 209 244 279 30.8 >10 >10 >10 >10 >10 >10 >10
36.1 37 28.5 29.9 17.2 13.7 9.1 7.3 8 7.6 7.9 8.7 9.3 10.7 11.8 14 14.9 16.4 215 20 26.9 >10 >10 >10 >10 >10 >10 >10
343 35.2 26.3 243 12.3 7.5 4.7 3.8 4.1 5.2 2.8 43 4.6 6 7.1 8.4 9.8 11.6 14.7 16.8 19.8 >10 >10 >10 >10 >10 >10 >10
327 33.7 26.1 20.5 12.1 7.3 29 2.5 1.2 2.2 0 24 23 3.2 53 5.8 83 9.2 13.2 13.9 18.1 >10 >10 >10 >10 >10 >10 >10
319 325 25.3 20.1 11 6.9 2.7 21 0 1.6 0 1.8 15 2.9 3.7 5 6.7 7.3 11.6 12.5 15.3 >10 >10 >10 >10 >10 >10 >10
304 319 249 18.5 9.4 5.2 2.1 0 0 0 0 0 0 1 2.1 4.3 4.5 6.1 9.7 11.6 14.7 >10 >10 >10 >10 >10 >10 >10
28.2 29.8 25.6 18 8.8 3.5 1.8 0 0 0 0 0 0 0 0.5 29 29 4.8 7.4 10.5 14.3 >10 >10 >10 >10 >10 >10 >10
28.5 29 271 16.9 8.5 3 0 0 0 0 0 0 0 0 0 1.6 2.1 3.5 6.2 9.8 12.2 >10 >10 >10 >10 >10 >10 >10
26.9 283 27.6 16.7 7.1 2.6 0 0 0 0 0 0 0 0 0 1 13 2.7 5.4 7.4 10.2 >10 >10 >10 >10 >10 >10 >10
26.5 271 26.1 16.2 6.9 2 0 0 0 0 0 0 0 0 0 0 0 1.8 4.5 6.7 8.9 >10 >10 >10 >10 >10 >10 >10
25.5 26.4 25.8 15.5 6.5 0 0 0 0 0 0 0 0 0 0 0 0 1.1 3.2 6.4 7.8 >10 >10 >10 >10 >10 >10 >10

ID80 with 265mm spring length (TB v.1)
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Contact force measurements
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Extension of the working range

- With standard modules

« For configuration as it is now, the radial offset
needs to be assessed individually.

- Based on the experience the HL-LHC modules
can be optimised using exiting components to
achieve radial offset <5 mm.

« What are the real operating limits of the
standard bellows? To be tested...
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Extension of the working range

Reuse existing design

~\

* Reuse existing design with minor
2 modifications (offset, RF spring)

Reuse existing design with
3 modifications (new RF contact, TTube))

Implementation of a new design

~\

Radioactive waste
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