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Environment

UH Vacuum



General Types of Knife Edges of CF
Flanges

R0,2..0,05

R0,2..0,05 R0,2..0,05
Before
Knife-edge with 70° Knife-edge with 90°

between the shelves between the shelves
(After Wheeler) (CERN design)




Conditions

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
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Analysis Variable Parameters
{ ) Radius of rounding at the top of the knife-edge -r

Angle between the shelves forming the knife-edge - «
g J g

() Material properties of the copper ring - dnnealed & % hard
As result:
O Gap between the sealing ring and the flange -0

R = 0,2 = const
f = 70° = const
a = 70° 90°
r =0,05;0,1;0,2




Simulation Assignments
Lo (10R)_|Gasket state]

7090052 _Soft
— 709012 _Hard
— 707022 _Soft

7070052 _Hard



S, Mises
7090052
+7.977e402

+7.312e+02
+6.647e402
+5.983e+02
+5.318e+02
+4.653e+402
+3.98%+02
+3.324e+402
+2.65%+02
+1.994e402
+1.330e+02
+6.650e+01
+3.005e-02

S, Mises

(Avg: 75%)
+9.012e+02
+8.261e+02
+7.510e+02
+6.75%+02
+6.0082+02
+5.257e+02
+4.506e+02
+3.755e+02
+3.004e+02
+2.253e+02
+1,502e+02
+7.513e+01
+3.035e-02




PEEQ

(Avg: 75%)
+4.398e-01
+4.032e-01
+3.6652-01
+3.299e-01
+2.932e-01
+2.566e-01
+2.199e-01
+1.833e-01
+1.4662-01

+1.100e-01
+7.330e-02
+3.665e-02

+0.000e+00

PEEQ
(Avg: 75%)

+4.428e-01
[ +4.05%e-01

+3.690e-01
+3.321e-01
+2.952e-01
+2.583e-01
+2.214e-01
+1.845e-01
+1.476e-01

+1.107e-01
+7.380e-02
+3.690e-02

+0.000e+00

For Soft Gasket

For /a Hard Gasket

7090052
g™max —

? 797,7 MPa
£Ma* — (0, 4398

l

6 =4,15°

o™ = 901,2 MPa
£MX = 0,4428

l

0 =4,74°



S, Mises

{Avg: 750%)
+7.745a402
+7.100e+02
+6.455e402
+5.809a+02
+5.164e+02
+4.518e+402
+3.873e+02
+3.227e+02
+2.582e+402
+1.937a+02
+1.291e+02
+6.457e401
+3.101e-02

S, Mises

{Avg: 75%)
+8.314e402
+7.622e402
+6.9292402
+6.236e+02
+5.543e402
+4.850e+02
+4.157e402
+3.465e402
+2.772e402
+2.0792402
+1.386e402
+6.932e+401
+3.054e-02




PEEQ

(Avg: 75%)

+2.878e-01
+2.638e-01
+2.398e-01
+2.15%e-01
+1.919e-01
+1.679e-01
+1.439e-01
+1.19%e-01
+9.594e-02
+7.195e-02
+4.797e-02
+2.398e-02
+0.000e+00

PEEQ
(Avg: 75%)

+4.008e-01
+3.674e-01
+3.340e-01
+3.006e-01
+2.672e-01
+2.338e-01
+2.004e-01
+1.670e-01
+1.336e-01
+1.002e-01
+6.680e-02
+3.340e-02
+0.000e+00

For Soft Gasket

For /a Hard Gasket

709012

max — 774,5 MPa
gmex — 0, 2878

l

6 =4,94°

o™ = 831,4 MPa
£M* = 0,4008

l

6 =5,4°



S, Mises

(Avg: 75%)
+6.4192+02
+5.884e402
+5.3492402
+4.8142402
+4.280e402
+3.7452+02
+3.210e402
+2.675a+402
+2.140e402
+1.605e402
+1.070e+02
+5.355e+01
+6.501e-02

S, Mises

{Avg: 75%)
+6.723e+402
+6.163e+02
+5.603e+02
+5.043e+02
+4.482e+402
+3.922e402
+3.362e+02
+2.802e+02
+2.242e402
+1.681e+402
+1.121e402
+5.611e+01
+8.741e-02




PEEQ
(Avg: 75%)
+1.675¢-01
+1.535e-01
+1.396e-01
+1.256e-01
+1.117e-01
+9.770e-02
+8.3752-02
+6.9792-02
+5.5832-02
+4.187e-02
+2.7926-02
l +1.3962-02
+0.000e+00

PEEQ
(Avg: 75%)

+1.947e-01
[ +1.784e-01
+1.622e-01
+1.460e-01
+1.298e-01
+1.136e-01
+9.733e-02
+8.111e-02
+6.489e-02
+4.866e-02
+3.244e-02
[ +1.622e-02
+0.000e+00

For Soft Gasket

For /a Hard Gasket

709022 _

max — 641,9 MPa
gMme* = 0,1675

l

6 =11,39°

o™ = 672,3 MPa
gmax — 1947

l

6 =12,49°



S, Mises

{Avg: 75%)
+8.332e+02
+7.637e+02
+6.943e+402
+6.2492402
+5.555e+02
+4.861e+402
+4.166e+02
+3.472e402
+2.778e+02
+2.084e+02
+1.390e402
+6.954e401
+1.237e-01

5, Mises

(Avg: 75%)
+8.459%+02
+7.7542402
+7.050e+02
+6,345e+02
+5.640e+02
+4.935e+02
+4.230e+02
+3.525e+02
+2.821e+02
+2.116e2+02
+1.411e402
+7.060e+01
+1.137e-01




PEEQ
(Avg: 75%)

+5.137e-01
+4.709%e-01
+4.281e-01
+3.853e-01
+3.425e-01
+2.997e-01
+2.568e-01
+2.140e-01
+1.712e-01
+1.284e-01
+8.562e-02
+4.281e-02
+0.000e+400

PEEQ
(Avg: 75%)

+5.494e-01
+5.037e-01
+4.57%-01
+4.121e-01
+3.663e-01
+3.205e-01
+2.747e-01
+2.28%e-01
+1.831e-01
+1.374e-01
+9.157e-02
+4.57%e-02
+0.000e+4-00

For Soft Gasket

For /a Hard Gasket

7070052

max — g33,2 MPa
gMmax — 0, 5137

l

o =27,04°

max

o™ = 845,9 MPa

max

£MaX = (), 5494

6 =30,03°
a:



S, Mises

{Avg: 75%)
+7.233e402
+6.6312402
+6.0282+02
+5.425e+02
+4.822e402
+4.220e402
+3.617e402
+3.014e402
+2.411e402
+1.8092+02
+1.206e+02
+6.032e+01
+4.535e-02

S, Mises

(Avg: 75%)
+7.903e+02
+7.245e+02
+6.5862+02
+5.9282+02
+5.26%+02
+4.610e+02
+3.952e+02
+3.293e+02
+2.635e+02
+1.976e+02
+1.317e+02
+6.5882+01
+2.118e-02




PEEQ

(Avg: 75%)
+2.416e-01
+2.215e-01
+2.014e-01
+1.812e-01
+1.611e-01
+1.410e-01
+1.208e-01
+1.007e-01
+8.054e-02

+6.041e-02
+4.0272-02
+2.014e-02

+0.000e+00

PEEQ

(Avg: 75%)
+3.429e-01

[ +3.143e-01
+2.857e-01

+2.572e-01

+2.286e-01
+2.000e-01
+1.714=-01
+1.42%9e-01
+1.143e-01

+8.572e-02
+5.715e-02
+2.857e-02

+0.000a+400

For Soft Gasket

For /a Hard Gasket

707012

max — 723,3 MPa
gMx = 0,2416

l

6 =27,29°

o™ = 790,3 MPa
gmax = 0,3429

l

6 =29,27°



S, Mises

{Avg: 75%)
+6.551e+02
+6.0052+02
+5.459e+02
+4.913e+02
+4.367e+02
+3.821e+02
+3.276e+02
+2.730e+02
+2.184a+02
+1.638e+02
+1.092e+02
+5.463a+01
+4.424e-02

S, Mises

(Avg: 750%)
+6.700e+02
+6.142e402
+5.584e402
+5.025e4+02
+4.4672+02
+3.909e402
+3.350e+02
+2.792e4+02
+2.234e+02
+1.675e+02
+1.117e+402
+5.587e+01
+3.506e-02




PEEQ
{Avg: 75%)

+1.778e-01
[ +1.630e-01

+1.481e-01
+1.333e-01
+1.185e-01
+1.037e-01
+8.888e-02
+7.407e-02
+5.926e-02

+4.444e-02
+2.963e-02
+1.481e-02

+0.000e+400

PEEQ
{Avg: 75%)

+1.903e-01
[ +1.745e-01

+1.586e-01
+1.428e-01
+1.269e-01
+1.110e-01
+9.517e-02
+7.931e-02
+6.345e-02

+4.75%-02
+3.172e-02
+1.586e-02

+0.000e+4-00

For Soft Gasket

For /a Hard Gasket

707022 _

o™ = 655,1 MPa
gmax = 0,1778

l

6 =32,28°

o' = 670 MPa

l

e =0,1903

l

6 =32,46°



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

wd?
F < iTl[O']

1min

A2 — 70 grade —
A4 — 80 grade

N

<

mdy
l_

J

4F

J I
lLTIOyijeld

4 Ovield

Oyielq = 450[N/mm?]

— Oyieta = 600[N/mm?] =%




Bolts Minor Diameter Calculation for Knife 90

Bolts should satisfy this condition

g =dy A2 — 70 grade
d¥6 1min
~o— Soft —o= Soft
a270 20 A480 | oo ' 4,773[mm] & 5,123[mm]
A1, MM
5 @ :.773[mm] £ 6,704[mm]
5
A4 — 80 grade
4
3 dM6 Imin
) O 4,773[mm] = 4,437[mm]

1

4,773[mm] * 5,806[mm]

0«
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00%
Percentage condition 0 of gap between flanges



Bolts Minor Diameter Calculation for Knife 70

Bolts should satisfy this condition

dy>d; A2 — 70 grade
d¥6 lmin
Soft —o— Soft
AZT0 o Hard A480 . Hara 4,773[mm] £ 4,958[mm]
dy . ,mm
6 @ :.773[mm] = 6,664[mm]
5
A4 — 80 grade
4
3 dM6 1min
2 O 4,773[mm] = 4,293[mm]
: /f 4,773[mm] % 5,771 [mm]
00.56% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00% ﬂ
Percentage condition 0 of gap between flanges



Future Activities






