
The Analysis of Ultrahigh Vacuum CF 

Flange Joints Applied in Accelerator and 

Space Technology 

Presenter: A.H. Davtyan 
CANDLE Synchrotron Research Institute 
“Vacuum Technologies” Laboratory 

July 05 



About UHV Systems Joints 
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CF Flanges Copper Gasket 

UH Vacuum 

Environment 
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General Types of Knife Edges of CF 

Flanges  

Now Before 

Knife-edge with 90° 
between the shelves 

(CERN design) 

Knife-edge with 70° 
between the shelves 

(After Wheeler) 



Conditions 
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OFC- ¼ Hard OFC- Annealed 
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SS 304L 

Type of analysis – Finite element analysis (FEA)  

Initial conditions: 

- Soft and hard (1/4 hard copper) gaskets 

- Flanges material – stainless steel (304L) 

- Gaskets and flanges are deformable 

- Initial temperature 24°C 

Mechanical Properties of Materials 



Analysis Variable Parameters 
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Radius of rounding at the top of the knife-edge 
Angle between the shelves forming the knife-edge 
Material properties of the copper ring 

As result: 
Gap between the sealing ring and the flange 

𝛿 Knife-edge 

Gasket 

𝑅 = 0,2 = 𝑐𝑜𝑛𝑠𝑡 
𝛽 = 70° = 𝑐𝑜𝑛𝑠𝑡 
𝛼 = 70°;  90° 

𝑟 = 0,05; 0,1; 0,2 

- 𝑟 
- 𝛼 
- annealed & ¼ hard 
 
- 𝛿 



Simulation Assignments 
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𝛽𝛼 10𝑟 10𝑅 _ 𝐺𝑎𝑠𝑘𝑒𝑡 𝑠𝑡𝑎𝑡𝑒  

7090052_Soft 

709012_Hard 

707022_Soft 

7070052_Hard 
… 
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Soft 

Hard 

7090052 
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For Soft Gasket 

For ¼ Hard Gasket 

𝜹 = 𝟒, 𝟏𝟓° 

𝝈𝒊
𝒎𝒂𝒙 = 𝟕𝟗𝟕, 𝟕 MPa 
𝜺𝒊
𝒎𝒂𝒙 = 𝟎, 𝟒𝟑𝟗𝟖 

𝜹 = 𝟒, 𝟕𝟒° 

𝝈𝒊
𝒎𝒂𝒙 = 𝟗𝟎𝟏, 𝟐 MPa 
𝜺𝒊
𝒎𝒂𝒙 = 𝟎, 𝟒𝟒𝟐𝟖 

7090052 
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Soft 

Hard 

709012 
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For Soft Gasket 

For ¼ Hard Gasket 

𝜹 = 𝟒, 𝟗𝟒° 

𝝈𝒊
𝒎𝒂𝒙 = 𝟕𝟕𝟒, 𝟓 MPa 
𝜺𝒊
𝒎𝒂𝒙 = 𝟎, 𝟐𝟖𝟕𝟖 

𝜹 = 𝟓, 𝟒° 

𝝈𝒊
𝒎𝒂𝒙 = 𝟖𝟑𝟏, 𝟒 MPa 
𝜺𝒊
𝒎𝒂𝒙 = 𝟎, 𝟒𝟎𝟎𝟖 

709012 
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Soft 

Hard 

709022 
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For Soft Gasket 

For ¼ Hard Gasket 

𝜹 = 𝟏𝟏, 𝟑𝟗° 

𝝈𝒊
𝒎𝒂𝒙 = 𝟔𝟒𝟏, 𝟗 MPa 
𝜺𝒊
𝒎𝒂𝒙 = 𝟎, 𝟏𝟔𝟕𝟓 

𝜹 = 𝟏𝟐, 𝟒𝟗° 

𝝈𝒊
𝒎𝒂𝒙 = 𝟔𝟕𝟐, 𝟑 MPa 
𝜺𝒊
𝒎𝒂𝒙 = 𝟎, 𝟏𝟗𝟒𝟕 

709022 
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Soft 

Hard 

7070052 
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For Soft Gasket 

For ¼ Hard Gasket 

𝜹 = 𝟐𝟕, 𝟎𝟒° 

𝝈𝒊
𝒎𝒂𝒙 = 𝟖𝟑𝟑, 𝟐 MPa 
𝜺𝒊
𝒎𝒂𝒙 = 𝟎, 𝟓𝟏𝟑𝟕 

𝜹 = 𝟑𝟎, 𝟎𝟑° 

𝝈𝒊
𝒎𝒂𝒙 = 𝟖𝟒𝟓, 𝟗 MPa 
𝜺𝒊
𝒎𝒂𝒙 = 𝟎, 𝟓𝟒𝟗𝟒 

7070052 
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Soft 

Hard 

707012 
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For Soft Gasket 

For ¼ Hard Gasket 

𝜹 = 𝟐𝟕, 𝟐𝟗° 

𝝈𝒊
𝒎𝒂𝒙 = 𝟕𝟐𝟑, 𝟑 MPa 
𝜺𝒊
𝒎𝒂𝒙 = 𝟎, 𝟐𝟒𝟏𝟔 

𝜹 = 𝟐𝟗, 𝟐𝟕° 

𝝈𝒊
𝒎𝒂𝒙 = 𝟕𝟗𝟎, 𝟑 MPa 
𝜺𝒊
𝒎𝒂𝒙 = 𝟎, 𝟑𝟒𝟐𝟗 

707012 
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Soft 

Hard 

707022 



18 

For Soft Gasket 

For ¼ Hard Gasket 

𝜹 = 𝟑𝟐, 𝟐𝟖° 

𝝈𝒊
𝒎𝒂𝒙 = 𝟔𝟓𝟓, 𝟏 MPa 
𝜺𝒊
𝒎𝒂𝒙 = 𝟎, 𝟏𝟕𝟕𝟖 

𝜹 = 𝟑𝟐, 𝟒𝟔° 

𝝈𝒊
𝒎𝒂𝒙 = 𝟔𝟕𝟎 MPa 

𝜺𝒊
𝒎𝒂𝒙 = 𝟎, 𝟏𝟗𝟎𝟑 

707022 



Analysis for Soft Gaskets 
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Analysis for Hard Gaskets 
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Bolts Minor Diameter Calculation 
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𝑑1𝑚𝑖𝑛
=

4𝐹

𝑖𝜋𝜎𝑌𝑖𝑒𝑙𝑑
;  𝑖 = 6  

𝐹 ≤ 𝑖
𝜋𝑑1

2

4
𝜎  

6 
1 

2 

3 
4 

5 
𝑖 

𝐹 ≤ 𝑖
𝜋𝑑1

2

4
𝜎𝑌𝑖𝑒𝑙𝑑 

𝜎𝑌𝑖𝑒𝑙𝑑 = 450 𝑁 𝑚𝑚2  

𝜎𝑌𝑖𝑒𝑙𝑑 = 600 𝑁 𝑚𝑚2  

𝐴2 − 70 𝑔𝑟𝑎𝑑𝑒 − 

𝐴4 − 80 𝑔𝑟𝑎𝑑𝑒 − 



Bolts Minor Diameter Calculation for Knife 90 
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𝑑1
𝑀6                   𝑑1𝑚𝑖𝑛

 

4,773 𝑚𝑚 ≥ 4,437 𝑚𝑚  

𝐴2 − 70 𝑔𝑟𝑎𝑑𝑒 

4,773 𝑚𝑚 ≱ 5,123 𝑚𝑚  

4,773 𝑚𝑚 ≱ 6,704 𝑚𝑚  

𝐴4 − 80 𝑔𝑟𝑎𝑑𝑒 
𝑑1
𝑀6                   𝑑1𝑚𝑖𝑛

 

4,773 𝑚𝑚 ≱ 5,806 𝑚𝑚  

𝑑1 ≥ 𝑑1𝑚𝑖𝑛
 

Bolts should satisfy this condition 



Bolts Minor Diameter Calculation for Knife 70 
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𝑑1
𝑀6                   𝑑1𝑚𝑖𝑛

 

4,773 𝑚𝑚 ≥ 4,293 𝑚𝑚  

4,773 𝑚𝑚 ≱ 4,958 𝑚𝑚  

4,773 𝑚𝑚 ≱ 6,664 𝑚𝑚  

𝑑1
𝑀6                   𝑑1𝑚𝑖𝑛

 

4,773 𝑚𝑚 ≱ 5,771 𝑚𝑚  

Bolts should satisfy this condition 

𝑑1 ≥ 𝑑1𝑚𝑖𝑛
 𝐴2 − 70 𝑔𝑟𝑎𝑑𝑒 

𝐴4 − 80 𝑔𝑟𝑎𝑑𝑒 
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Future Activities 
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