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LHC VM design (as installed)

7/18/2019 Document reference 2



Operation limits of the design

1. Limits of the RF bridge

2. Limits of the bellow

3. Limits due to interference (1 & 2)
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Bellows for warm modules (DN100)

Two types of warm bellows:

LHCVBU__0006 LHCVMTIA0002
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Standard type LHCVBU__0006
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Collimator type LHCVMTIA0002
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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
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Contact force measurements
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Contact force measurements
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ID80 3 different measurements
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

-3 24.1 0 0 0 0 0 0 0 0

-2 25 0.2 0 0 0 0 0 0 6.1

-1 32.7 7.2 0 0 0 0 0.5 8.9 16.9

0 34.5 12 0 0 7.4 7.8 9.9 22.1 31.5

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 - -

-2 26.5 26 - -

-1 29 34 5 - -

0 43 40 17 3 2 - -

1 29 34 5 - -

2 26.5 26 - -

3 26 14 - -

4 22 - -

5 20.5 - -

• ID80 L1 contact force 

measurements conducted by 

Jose on 10/04/2018

• ID80 L1 contact force 

measurements conducted by 

Viktoras on 05/10/2018

• ID80 L1 contact force 

measurements conducted by 

Florian on 13/04/2015

Overlap (mm) 20 22 24 26 28 30 50 52 54 56 58 60

AXIAL (mm)/ RADIAL 

(mm)
Contact force (g)

5 8.9 0 0 0 0 0 0 0 0 0 0 0

4 13.8 0 0 0 0 0 0 0 0 0 0 0

3 19.7 0 0 0 0 0 0 0 0 0 0 0

2 26.0 5.5 0 0 0 0 0 0 0 0 0 0

1 33.4 19.1 0 0 0 0 0 0 0 0 0.9 1.9

0 39.7 33.6 16.8 3.0 0 0 0 0.9 3.9 6.0 10.0 12.6

-1 33.4 19.1 0 0 0 0 0 0 0 0 0.9 1.9

-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 13.8 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

Conform: x>=10g

Transitional region: 5<=x<10g

Non- conform: x< 5g
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ID80 3 different orientations
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)

AXIAL (mm)/ RADIAL 
(mm)

5 6.3 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

4.5 7.7 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

4 12.6 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

3.5 15.8 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

3 19 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

2.5 21.6 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

2 25.2 4.2 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 11.5

1.5 30.1 7.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.8 5.8 9.6 18.2 19.2 27.4

1 34.1 19.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.8 5.6 7.6 11.4 14.3 20.5 27 32.5 40.2

0.5 37 27.7 3.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.8 5.5 8.9 12 15.5 19.2 23.9 29.4 36.5 44.8 52.1

0 39.6 33.2 10.1 4.4 0 0 0 0 0 0 0 0 0 0 0 0 0 8.6 11.3 12.4 17.7 23.7 26.5 32 36 43.6 53.1 64.2

-0.5 37 27.7 3.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.8 5.5 8.9 12 15.5 19.2 23.9 29.4 36.5 44.8 52.1

-1 34.1 19.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.8 5.6 7.6 11.4 14.3 20.5 27 32.5 40.2

-1.5 30.1 7.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.8 5.8 9.6 18.2 19.2 27.4

-2 25.2 4.2 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 11.5

-2.5 21.6 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

-3 19 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

-3.5 15.8 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

-4 12.6 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

-4.5 7.7 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

-5 6.3 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

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)

AXIAL (mm)/ RADIAL 
(mm)

5 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

4.5 11.2 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

4 14.1 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

3.5 16.1 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

3 19.2 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

2.5 23 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

2 25.2 7.3 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

1.5 28.8 9.8 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 12.1

1 32.2 15.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.8 5.1 6.5 10.8 18.6 31.8

0.5 36.5 23.7 14.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.5 3.5 6.6 9.9 14.8 16.4 22.6 28.4 44.5

0 39.4 33.3 22.3 4.5 0 0 0 0 0 0 0 0 0 0 0 0 2.7 3 4.5 9.9 10.5 13.4 17.8 22.9 26.7 32.2 39.8 53.4

-0.5 36.5 23.7 14.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.5 3.5 6.6 9.9 14.8 16.4 22.6 28.4 44.5

-1 32.2 15.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.8 5.1 6.5 10.8 18.6 31.8

-1.5 28.8 9.8 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 12.1

-2 25.2 7.3 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

-2.5 23 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

-3 19.2 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

-3.5 16.1 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

-4 14.1 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

-4.5 11.2 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

-5 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

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)

AXIAL (mm)/ RADIAL 
(mm)

5 10.1 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

4.5 12.2 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

4 14.8 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

3.5 17 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

3 20.8 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

2.5 23.6 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

2 27.6 4.9 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

1.5 31.4 11.6 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

1 33.9 22.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.5 7.7 13.6 20.9 29.6

0.5 38.1 25.2 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6.7 8.4 12.8 18.1 25.9 31.8 42.7

0 40 34.2 17.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.2 7.8 9.6 13.2 16.9 22.7 26.8 34.5 42.4 49.6

-0.5 38.1 25.2 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6.7 8.4 12.8 18.1 25.9 31.8 42.7

-1 33.9 22.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.5 7.7 13.6 20.9 29.6

-1.5 31.4 11.6 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

-2 27.6 4.9 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

-2.5 23.6 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

-3 20.8 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

-3.5 17 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

-4 14.8 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

-4.5 12.2 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

-5 10.1 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
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ID80 Contact force results

ID80 with 260mm spring length (TB v.2)

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)

AXIAL (mm)/ RADIAL (mm)

5 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

4.5 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

4 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

3.5 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

3 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

2.5 22.7 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

2 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

1.5 30.1 9.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.3 1.9 3.2 6.1 6.4 16.5

1 33.4 19.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.9 1.9 2.5 4.4 7.6 11.6 17.1 24.0 33.9

0.5 37.2 25.5 8.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.9 1.8 4.1 5.2 9.6 12.5 17.2 21.3 28.3 35.0 46.4

0 39.7 33.6 16.8 3.0 0 0 0 0 0 0 0 0 0 0 0 0 0.9 3.9 6.0 10.0 12.6 16.8 20.4 25.9 29.8 36.8 45.1 55.7

-0.5 37.2 25.5 8.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.9 1.8 4.1 5.2 9.6 12.5 17.2 21.3 28.3 35.0 46.4

-1 33.4 19.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.9 1.9 2.5 4.4 7.6 11.6 17.1 24.0 33.9

-1.5 30.1 9.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.3 1.9 3.2 6.1 6.4 16.5

-2 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

-2.5 22.7 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

-3 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

-3.5 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

-4 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

-4.5 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

-5 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

ID80 with 265mm spring length (TB v.1)

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)

AXIAL (mm)/ RADIAL 
(mm)

5 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

4.5 26.5 27.1 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

4 26.9 28.3 27.6 16.7 7.1 2.6 0 0 0 0 0 0 0 0 0 1 1.3 2.7 5.4 7.4 10.2 >10 >10 >10 >10 >10 >10 >10

3.5 28.2 29.8 25.6 18 8.8 3.5 1.8 0 0 0 0 0 0 0 0.5 2.9 2.9 4.8 7.4 9.8 14.3 >10 >10 >10 >10 >10 >10 >10

3 28.5 29 27.1 16.9 8.5 3 0 0 0 0 0 0 0 0 0 1.6 2.1 3.5 6.2 10.5 12.2 >10 >10 >10 >10 >10 >10 >10

2.5 30.4 31.9 24.9 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

2 31.9 32.5 25.3 20.1 11 6.9 2.7 2.1 0 1.6 0 1.8 1.5 2.9 3.7 5 6.7 7.3 11.6 12.5 15.3 >10 >10 >10 >10 >10 >10 >10

1.5 32.7 33.7 26.1 20.5 12.1 7.3 2.9 2.5 1.2 2.2 0 2.4 2.3 3.2 5.3 5.8 8.3 9.2 13.2 13.9 18.1 >10 >10 >10 >10 >10 >10 >10

1 34.3 35.2 26.3 24.3 12.3 7.5 4.7 3.8 4.1 5.2 2.8 4.3 4.6 6 7.1 8.4 9.8 11.6 14.7 16.8 19.8 >10 >10 >10 >10 >10 >10 >10

0.5 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 21.5 20 26.9 >10 >10 >10 >10 >10 >10 >10

0 38.2 39.4 39.2 30.1 21.3 19.4 15 11.8 13.7 10.8 13.2 14.6 14.2 15.8 17.4 18.7 20.6 20.9 24.4 27.9 30.8 >10 >10 >10 >10 >10 >10 >10

-0.5 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 21.5 20 26.9 >10 >10 >10 >10 >10 >10 >10

-1 34.3 35.2 26.3 24.3 12.3 7.5 4.7 3.8 4.1 5.2 2.8 4.3 4.6 6 7.1 8.4 9.8 11.6 14.7 16.8 19.8 >10 >10 >10 >10 >10 >10 >10

-1.5 32.7 33.7 26.1 20.5 12.1 7.3 2.9 2.5 1.2 2.2 0 2.4 2.3 3.2 5.3 5.8 8.3 9.2 13.2 13.9 18.1 >10 >10 >10 >10 >10 >10 >10

-2 31.9 32.5 25.3 20.1 11 6.9 2.7 2.1 0 1.6 0 1.8 1.5 2.9 3.7 5 6.7 7.3 11.6 12.5 15.3 >10 >10 >10 >10 >10 >10 >10

-2.5 30.4 31.9 24.9 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

-3 28.2 29.8 25.6 18 8.8 3.5 1.8 0 0 0 0 0 0 0 0.5 2.9 2.9 4.8 7.4 10.5 14.3 >10 >10 >10 >10 >10 >10 >10

-3.5 28.5 29 27.1 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

-4 26.9 28.3 27.6 16.7 7.1 2.6 0 0 0 0 0 0 0 0 0 1 1.3 2.7 5.4 7.4 10.2 >10 >10 >10 >10 >10 >10 >10

-4.5 26.5 27.1 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

-5 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

Conform: x>=10g

Transitional region: 5<=x<10g

Non- conform: x< 5g



Contact force measurements

7/18/2019 Document reference 16

Installed L (mm)

Overlap (mm) 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

Deviation (mm)

3 0 6 11 9.5 10.5 9 7.5 6.5 1.5 0 0 0 0 0 0 0 0 0 0 0

2.5 2 9 15 13.5 13 12 11 9 5.5 1 0 0 0 0 0 0 0 0 0 0

2 4 10 20 18 15 14 13 10.5 8.5 5.5 2 0 0 0 0 0 0 0 0 0

1.5 5 12 23 22 21 15 15 13 10.5 9 7 3 2.5 2.5 2.5 0 0 0 0 0

1 7 19 26 25.5 25 22 17 14 12 12 10 8 5.5 7.5 6.5 3.5 4 4 6 6.5

0.5 7.5 22 30 29 30 27.5 23 18 16 13.5 12.5 11 9.5 10.5 10 8 7.5 9 10 9

0 13 25.5 34 31.5 32 30 29 26 22.5 20.5 16.5 14 11.5 13.5 13 10 13 13.5 15 15

-0.5 7.5 22 30 29 30 27.5 23 18 16 13.5 12.5 11 9.5 10.5 10 8 7.5 9 10 9

-1 7 19 26 25.5 25 22 17 14 12 12 10 8 5.5 7.5 6.5 3.5 4 4 6 6.5

-1.5 5 12 23 22 21 15 15 13 10.5 9 7 3 2.5 2.5 2.5 0 0 0 0 0

-2 4 10 20 18 15 14 13 10.5 8.5 5.5 2 0 0 0 0 0 0 0 0 0

-2.5 2 9 15 13.5 13 12 11 9 5.5 1 0 0 0 0 0 0 0 0 0 0

-3 0 6 11 9.5 10.5 9 7.5 6.5 1.5 0 0 0 0 0 0 0 0 0 0 0

Installed L (mm)

Overlap (mm) 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86

Deviation (mm)

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.5 >10 >10 >10

2.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.5 8.5 >10 >10 >10

2 0 0 0 0 0 0 0 0 0 0 0 2 7 13 21 26 >10 >10 >100

1.5 0 0 0 2 1 3 5.5 5 9 14 14 17.5 27 31 42.5 54 >10 >100 >100

1 5.5 6 7.5 8.5 8 10.5 12 14.5 18.5 21.5 27 31.5 39 49.5 63.5 79.5 >100 >100 >100

0.5 10 12.5 12.5 14.5 15 18.5 20 23 29 33.5 39.5 47 55.5 68 84.5 >100 >100 >100 >100

0 15.5 16.5 19 21.5 22.5 25 26.5 30.5 36 43.5 49.5 59.5 70 83 >100 >100 >100 >100 >100

-0.5 10 12.5 12.5 14.5 15 18.5 20 23 29 33.5 39.5 47 55.5 68 84.5 >100 >100 >100 >100

-1 5.5 6 7.5 8.5 8 10.5 12 14.5 18.5 21.5 27 31.5 39 49.5 63.5 79.5 >100 >100 >100

-1.5 0 0 0 2 1 3 5.5 5 9 14 14 17.5 27 31 42.5 54 >10 >100 >100

-2 0 0 0 0 0 0 0 0 0 0 0 2 7 13 21 26 >10 >10 >100

-2.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.5 8.5 >10 >10 >10

-3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.5 >10 >10 >10

Conform:  x>10g Non- conform: x< 5g

Transitional region:5<x<10g

ID 63 Test results



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
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1
• Reuse existing design

2

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

3

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

4
• Implementation of a new design 

Radioactive waste CostManpower / Dose


