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1 Summary

Scope of the work is to design the connection pipes for BS — PR system. In this report
stresses are calculated using FEA software. These stresses are checked for compliance with UNI

EN 13445-3 (external pressure).

Operating conditions:

® Poperating = -1 barg (FU” Vacuum)

L Toperating = 20°C
Design limits operating:

o Poperating = -1 barg (FU” Vacuum)

L4 Toperating = 20°C
Weight of components:

¢ Weight of piping connection (770 kg )

No nozzle loads are defined.

The computed stresses are compared with the maximum allowable stresses according to EN

13445-3

2 Conclusion

The piping connection complies with the requirements of:

UNI EN 13445-3 — Unfired pressure vessel — Part 3: Design
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3 Reference documents

The reference documents are the following:

e UNI EN 13445-3 — Unfired pressure vessel — Part 3: Design
e 3D model in “step” format given by EGO

e pdf drawing: EGO-DWG-VAC-LNK-701-2 - GENERAL ASSEMBLY - LINK BS-PR-Gr.7

4 Units

All dimensions are in mm

5 Material

Material of the shell, flanges and bellows is AISI304 with the following properties:

Yield stress: 190 MPa
Tensile stress: 500 MPa
Poisson coefficient: 0,3

Elastic modulus: 193000 MPa
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6 Piping connection system

6.1 Components

The material of the components is AISI304. The components are identified (with their dimensions)

in the below layout.

Branch DN100 CF :

Internal diameter = 250 mm;

Bellow DN400:
Thickness = 0.8 mm; L=380mm

Valve DN400:

Weight: 200 kg; L=150 mm

Pipe DN400 L280:
Internal diameter = 400 mm;
Thickness =3 mm;

Thickness =3 mm;

Cone
Thickness =4 mm;
2 Branches DN250;

2 Branches DN100 CF

/

Pipe DN400 L1510:
Internal diameter = 650 mm;

Thickness =3 mm;

Valve DN250:
Weight: 42 kg

Bellow DN250:

Thickness 0.8 mm

Branch DN250 CF:
Internal diameter = 250 mm;

Thickness =3 mm;

Branch DN250 CF:

Thickness =3 mm;

Internal diameter = 400 mm;

Figure 1 - 3D model
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6.2 Corrosion allowances

Corrosion allowance is 0 mm.

6.3 FEA check

With Ansys, stresses and displacement are computed. The stresses in the various figures is the
Von Mises stress.

6.3.1 Load case 1 (Design)

Primary load:
e Pdesign = -1 barg (Full vacuum)
® Tdesign =+20°C

¢ Weight of components

According to UNI EN 13445-3, the admissible stress is checked:

o Oadm < Yield stress/S = 190/1.5 = 127 MPa with S=1,5 (safety factor) according to
UNI EN 13445-3

6.3.2 Load case 2 (Design)

Valve DN 400 closed, vacuum between valve and cone.
Primary load:
e Pdesign = -1 barg (Full vacuum)
@ Tdesign =+20°C
¢ Weight of components

According to UNI EN 13445-3, the admissible stress is checked:

o Oadm < Yield stress/S = 190/1.5 = 127 MPa with S=1,5 (safety factor) according to
UNI EN 13445-3

6.4 Buckling check
According to UNI EN 13445-3, the buckling of the system due to external pressure is checked

6.5 Modal analysis

A modal analysis is carried out to find the natural frequencies of the system.

6.6 Linear Buckling analysis

A linear buckling analysis is carried out to find the first 4 buckling modes of the system.
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7 FEA analysis

The FEA analyses are performed using the software package ANSYS. The analyses are linear
elastic, no plastic material behavior is incorporated. Both solid and shell elements are used.

7.1 Load case 1 - Design - Loads and boundary conditions

The applied load are
e the self weight;
¢ the load due to the vacuum pump
The load due to the vacuum pump is:
- 250 mm?

0,1 MPa - — = 4909 N
e the load on DN250 CF plug due to the atmospheric pressure acting on the plug. The load
is:
256 mm?
0,1 MPa - — = 5150 N
e the load on DN100 CF plugs due to the atmospheric pressure acting on the plug. The load
is:
w102 mm?
0,1 MPa - — =817 N
e the load on cone DN250 plugs due to the atmospheric pressure acting on the plug. The
load is:
- 276 mm?
0,1 MPa - — % = 5982 N

The boundary condition are zero displacements on the other flanges and no vertical displacements
on the support below the pipe.
The images below show this loads and boundary condition.
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G: BS-PR
Displacement 3
Time: 1, s

. Displacement 3
Components: Free, Free, 0, mm

Vertical support

0,00 200,00 400,00 (mm)

100,00 300,00

Figure 2 - Vertical support

G: BS-PR
Force
Time: 1, s

[ Force: 5000, N
Components: 0, 0,, -5000, N

0,00 500,00 1000,00 (mim)
| ]

250,00 750,00

Figure 3 — Force due to vacuum pump
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G: BS-PR
Force 7
Time: 1, s

[A) Force 2:817, N
[BJ Force 3: 4909, N
[E Force 4:5982, N
[B] Force 5:5982, N
[B Force 6: 817, N
. Force 7: 817, N

0,00 500,00 1000,00 ()
| I ]

250,00 750,00

Figure 4 — Force due to atmospheric pressure on plugs of lateral and upper branch

G: BS-PR
Displacement 2
Time: L s

. Displacement
. Displacement 2

0,00 500,00 100,00 (mm)
I 4 .00 )

250,00 750,00

Figure 5 — Constraints on flanges (zero displacements on all directions)
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7.2 Load case 1 - Design - Stress results

G:BS-PR
Equivalent Stress
Type: Equivalent
Unit: MPa

Time: 1

Mises) Stress - Top/B - Layer0

182,71 Max
127

11113

95,25

79,376

63,501

47,626

31,751

15,876
0,0013944 Min

0,00 500,00

1000,00 (mm)
]

250,00

Figure 6 - Von Mises stress

G:BS-PR
Equivalent Stress
Type: Equivalent (van-Mises) Stress - Top/Bottom - Layer.
Unit: MPa

Time: 1

184,39 Max
127

11,13

95,25

79,376

63,501

41,626

31,751

15,876
0,0016162 Min

Figure 7 - Von Mises stress - detail

750,00
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: BS-PR
Equivalent Stress
Type: Equivalent (won-TH
Unit: MPa
Time: 1

162,71 Max
127

111,13

95,25

79,376

63,501

47,636

31,751

15,876
0,0013941 M

f

There is a small zone where the stress is slightly above the admissible (146 MPa instead 190/1,5 =
126 MPa). Since the nature of the effect is very local and the zone is very small the effect can be
neglected. The stress level of the system is acceptable respect to the admissible stress calculated

as stated in EN 13445-3.
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7.3 Load case 1 - Design - Displacements results

G: BS-PR

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

1,108 Max

0,98492

. 0,86181
0,73869

0,49246
0,36935
{ 0,24623

0,00 500,00 1000,00 ()

250,00 750,00

Figure 8 - Displacements

The displacements are very small and can be accepted from a point of view of the functionality of
the system.
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7.4 Load case 1 - Design - Reaction results

The reactions shown in the below images are in the global coordinate system (depicted in each

image).

P
Details of "Force Reaction”

i+ Definition
+ | Options

(=) Results

X Axis | 60725 N
Y Axis | 106,2 N

71 Z Axis |9806,3 N
Total |61512 N

[+ Maximum Value Over Time
'+ Minimum Value Over Time

0,00

500,00

250,00

Figure 9 - Flange force reaction

1000,00 {mm)

+ Options
= Results
X Axis

[2,6923¢+005 N-mm

1Y Axis
7 Axis

15,0486e+006 N-mm
|1,2e+005 N-mm

Total

| Information

|5,0572e+006 N-mm
# Maximum Value Over Time
#| Minimum Value Over Time

m

0,00

500,00

250,00

Figure 10 - Flange moment reaction

1000,00 {mm)
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[Details of "Force Reaction 2"

£l
+| Definition

| Options
=I| Results

|
X Axis | 78947 N |
TV Axis | 27,206 N
Z Axis 4473, N
Total |79073 N
Value Over Time

#/| Minimum Value Over Time
# i

1

0,00

500,00 1000,00 {mm)

¥
250,00 750,00

Figure 11 - Flange force reaction

Details of "Moment Reaction 2"

1
+l| Definition &
'+ Options

=I| Results

X Axis | 3,0049+005 N-mm
¥ Axis | -9,8734e+005 N-mm
Z Axis | 17919 N-mm

Total |1,03226+006 N-mm
[+ Maximum Value Over Time

#| Minit

m

Value Over Time
#| Information

0,00

500,00 1000,00 {mm)

X
250,00 750,00

Figure 12 - Flange moment reaction
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etails of "Force Reaction 3" 7

+| Definition
Options
Results
X Axis [0, N
| v axis [0, N
[T Zaxis 58839 N
Total |58439 N
#| Maximum Value Over Time I
#| Minimum Value Over Time |

=

&

m

0,00 500,00 1000,00 {mm)
]

250,00 750,00

Figure 13 - Vertical support reaction

Details of "Force Reaction 5" "

#1| Definition
+| Options
= Results

X Axis | -272,06 N

Y Axis | 47,375 N

7 Axis |-25274 N

Total |2542,5N
#| Maximum Value Over Time
#| Minimum Value Over Time
+| Information

m

1000,00 (mm)
]

250,00 750,00

Figure 14 — Pump flange force reaction
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-
etails of "Moment Reaction 4" q
% Definition B
[+ Options
=| Results

|77 X Axis [4372,4 Nomm

Y Axis |-25148 N-mm

Z Axis 69388 N-mm

Total | 73934 N-mm
Maximum Value Over Time
Minimum Value Over Time

m

& ®

Information

0,00 500,00 100,00 (mm)
I |

250,00 750,00

Figure 15 — Pump flange moment reaction
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7.5 Load case 2 - Design - Loads and boundary conditions
The applied load are
e the self weight;
e the load due to the vacuum pump
The load due to the vacuum pump is:
- 250 mm?
0,1 MPa - — = 4909 N
e the load on DN250 CF plug due to the atmospheric pressure acting on the plug. The load
is:
- 256 mm?
0,1 MPa - — = 5150 N
e the load on DN100 CF plugs due to the atmospheric pressure acting on the plug. The load
is:
w102 mm?
0,1 MPa - — =817 N
e the load on cone DN250 plugs due to the atmospheric pressure acting on the plug. The
load is:
- 276 mm?
0,1 MPa - B E— = 5982 N
e the load on valve DN400 due to the atmospheric pressure. The load is:
- 400 mm?
0,1 MPa - — 2 = 12566 N

The boundary condition are zero displacements on the other flanges and no vertical displacements

on the support below the pipe.
The images below show this loads and boundary condition.
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G: BS-PR
Displacement 3
Time: 1, s

. Displacement 3
Components: Free, Free, 0, mm

Vertical support

0,00 200,00 400,00 (mm)

100,00 300,00

Figure 16 - Vertical support

G: BS-PR
Force
Time: 1, s

[ Force: 5000, N
Components: 0, 0,, -5000, N

0,00 500,00 1000,00 (mim)
| ]

250,00 750,00

Figure 17 — Force due to vacuum pump
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H: valvola chiusa 1
Force 8
Time: 1, 5

[ Force 2:817, N
. Force 3: 4309, N
[E Force 4:5082, N
. Force 5: 5982, N
[E Force 6:817, N
[B Force 7:817, N
[B] Force 8: 12820 N

0,00 500,00 1000,00 {mm)
I ]

250,00

750,00

Figure 18 — Force due to atmospheric pressure on plugs of lateral and upper branch

G: BS-PR
Displacement 2
Time: 1,5

. Displacement
[BJ Displacement 2

0,00 500,00

250,00

1000,00 {mm)

750,00

Figure 19 — Constraints on flanges (zero displacements on all directions)
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7.6 Load case 2 - Design - Stress results

H: valvola chiusa 1

Equivalent Stress

Type: Equivalent (von-Mises) Stress - Top/B - Layer0
Unit: MPa

Time: L

182,72 Max
127

11113

95,25

= 79,376
63,501

15,876
0,0013972 Min

1000,00 {rm)

250,00 750,00

Figure 20 - Von Mises stress

H: valvola chiusa 1
Equivalent Stress
Type: Equivalent (von-Mises) Stress - Top/Bottol
Unit; kPa

Tirme: 1

182,72 Max
127

11113

95,25

79,376

63,501

47,626

EVR:

15,876
0,0013972 Min

y

10145 =8

Figure 21 - Von Mises stress - detail
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vola chiusa 1
quivalent Stress
Type: Equivalent (won-kises) Sth
Unit: MPa
Time: 1

182,72 Max

0,0013972 Min

\ o

ke

There is a small zone where the stress is slightly above the admissible (146 MPa instead 190/1,5 =
126 MPa). Since the nature of the effect is very local and the zone is very small the effect can be
neglected. The stress level of the system is acceptable respect to the admissible stress calculated

as stated in EN 13445-3.
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7.7 Load case 2 - Design - Displacements results

H: valvola chiusa 1
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

- 1,1085 Max
0,98531
0,86215
0,73899
0,61582
0,49266
0,36949
0,24633
0,12316
0 Min

500,00

250,00 750,00

Figure 22 - Displacements

1000,00 (mm)

The displacements are very small and can be accepted from a point of view of the functionality of

the system.
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7.8 Load case 2 - Design - Reaction results

The reactions shown in the below images are in the global coordinate system (depicted in each

image).

P
[Details of "Force Reaction”

[+ Definition

+ Options
(=/| Results

X Axis | 60760 N
¥ Axis | 105,89 N

1

7| Z Axis |9806,2 N
Total 61546 N
(+/ Maximum Value Over Time

lue Over Time

es | Select...ation

Detail...tion™

0,00 500,00

1000,00 {mm)
]

750,00

Figure 23 - Flange force reaction

[Details of "Moment Reaction”

“
T x

# Definition
# | Options

=I| Results
X Axis | 2,6939e+005 N-mm
Y Axis | 5,0483e+006 N-mm

m

|| Z Axis 11,1938e+005 N-mm
Total |5,0569¢+006 N-mm
Value Over Time

inimum Value Over Time

Sectio...lanes | Select...ation . Detail...tion"

0,00 500,00

1000,00 (rarn)
]

750,00

Figure 24 - Flange moment reaction
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etails of "Force Reaction 2"

+| Definition

1+ Options 7
(=] Results

X Axis | -15176 N
Y Axis | 26,913 N
Z Axis |4472,6 N
Total |15821 N
#| Maximum Value Over Time =
[# Minimum Value Over Time Al

m

Sectio..lanes | Select Detail..on 2" |

0,00 500,00 1000,00 {rmm)
]

250,00 750,00

Figure 25 - Flange force reaction

P
[Details of "Moment Reaction 2"

#| Definition
# Options

=| Results. ‘
7 X Axis | -3,0074e-005 N-mm

¥ Axis | 9,8712+005 N-mm
Z Axis | 17628 N-mm

Total |1,032e+006 N-mm
% Maximum Value Over Time L3
#| Minimum Value Over Time

LT ——e—

Sectio...lanes | Select...ation

 Detail..on 2" |

0,00 500,00 1000,00 (mm)
]

250,00 750,00

Figure 26 - Flange moment reaction
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I X

etails of "Force Reaction 3"

| Definition
Options
| Results

X Axis |0, N

¥ Axis |0, N

Z Axis | 5844,4 N
[ Total |s844,4 N
| Value Over Time
| Minimum Value Over Time

m

[ e ——e——"
Sectio..lanes | Select..ation. Detail...on 3"

500,00

I
Figure 27 - Vertical support reaction

1000,00 ()
]

[Details of "Force Reaction 4"

) Definition
#| Options

= Results [
X Axis [-27237 N |
I

\

|

m

¥ Axis | 47,304 N
Z Axis | -2527,4 N
Total |2542,5N
#| Maximum Value Over Time
um Value Over Time
BOMValue Over Time: lv

Sectio..lanes | Select...ation

1000,00 {rmm)

750,00

Figure 28 — Pump flange force reaction

250,00
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| Options
= Results
X Axis 4365,7 Nomm
[T v Axis -25177 Nemm E
|z s 69180 N-mm
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| Maximum Value Over Time
#| Minimum Value Over Time

e ——— —
Sectio...lanes | Select...ation . Detail...on 3"
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I .
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Figure 29 — Pump flange moment reaction

8 Buckling analysis
The buckling analysis is made following the EN13445-part 3. The free length of pipe considered is
1510 mm (anyway, the presence of the branches reduces this free length).

The results is shown in the below spreadsheet.
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EN13445 - Check external pressure

Z o g
=z = 2
z R 8 g
= 2 aw £ 2
s £ 83 s 2
s o = L c
2 S 9 5 o O
£ B o2 0 S
o 8 s £ z 3
o v L > ® <
[ = o O L
3 25 § o ¢
= 8 2<¢ 5 2
o Y o x @
o 5 @ o
= a
Material - AISI 304 n P Pn/Py
Elastic Modulus E MPa 193000 - Mpa Mpa
Yield stress Rpo,2 MPa 190 2 1,84 0,65
Nominal elastic limit G, MPa 190 3 0,61 0,22
Tensile stress (min) R MPa 500 4 0,91 0,32
Poisson coefficient \ - 0,3 5 1,42 0,50
External diameter D, mm 406,4 6 2,05 0,73
Wall thickness e, mm 3 7 2,81 0,99
Internal diameter D mm 400,4 8 3,68 1,30
Mean radius R mm 201,7 9 4,67 1,65
Length L mm 1510 10 5,77 2,04
Coefficient"Z" z - 0,42 11 6,99 2,47
Yield pressure Py MPa 2,8 12 8,33 2,95
Ratio Pr/Py (calculated from below graph) Pr/Py MPa 0,125 13 9,79 3,46
Pressure Pr (calculated lower bound collapse pressure) Pr MPa 0,35 14 11,36 4,02
Safety factor S - 1,5 15 13,04 4,62
Design pressure P MPa 0,24 16 14,84 5,25
17 16,76 5,93
18 18,80 6,65
Design Pressure PriPy
1,2
7,00
(0 +— —_ / 1 —_—
R e e e e e e s e s PR A N N 9 7, S N N A
2
¢ 40 ——F—F—T—1T—"T—1T—T—T—1T—1T—1] — >
2 / Lo btp———m———
] &
s
e 300 f———————————— — —
oo
3 / 04— —————
02 —~f—r———————
I 1 I I 1 0 T T T 1
12 14 16 18 20 0 2 4 6 8
n Pm/Py

Table 1 - Buckling check

Design pressure (2,4 bar) is greater than design limit (1 bar).
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9 Modal analysis

The number of natural frequencies calculated is 6. The min frequency is 41.37 Hz, the max is
107.56 Hz.

9.1 Main modes

The natural frequencies are determined mainly by the bellows that are the components with the
lowest stiffness. In the next images showing the main modes, in order to highlight the deformed
shape of the most important components (i.e. the pipes), the bellows are hided.

K: Modal

Total Deformation
Type: Total Deformation
Frequency: 41,374 Hz
Unit: mm

7,1422 Max
6,3486

5,555

4,7615
3,9679
31743
2,3807
1,5872

0,79358 i
0 Min N

1000,00 (mm)

250,00 750,00

Figure 30 — Mode 1
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K: Modal

Total Deformation 2
Type: Total Deformation
Frequency: 54,231 Hz
Unit: mm

5,1223 Max
45532

3,084

3,4149
2,8457
2,2766
1,7074
1,1383
0,56915

0 Min

250,00 750,00

Figure 31 — Mode 2

1000,00 (mm)
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K: Modal

Total Deformation 3
Type: Total Deformation
Frequency: 60,712 Hz
Unit: mm

15,081 Max
13,405

11,73

10,054
8,3782
6,7026
5,0269
3,3513
1,6756

0 Min

200,00

Figure 32 — Mode 3

600,00

800,00 {mm)
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K: Modal

Total Deformation 4
Type: Total Deformation
Frequency: 64,855 Hz
Unit: mm

- 8,0746 Max

0,00 500,00 1000,00 (mrm)

250,00 750,00

Figure 33 — Mode 4
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K: Modal

Total Deformation 5
Type: Total Deformation
Frequency: 88,683 Hz
Unit: mm

30,962 Max

250,00 750,

Figure 34 — Mode 5

1000,00 {rarn)

00
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K: Modal

Total Deformation 6
Type: Total Deformation
Frequency: 107,56 Hz
Unit: mm

16,893 Max
15,016

13,139

11,262

9,385
7,508
5,631
3,754
1,877
0 Min

500,00

250,00 750,00

Figure 35 - Mode 6

1000,00 {mm)
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10 Linear Buckling

Here below linear buckling analysis results are reported. Buckling mode 3 and 4 affect vacuum
pump bellow.

J: Linear Buckling
Total Deformation
Type: Total Deformation

Load Multiplier: 10,598
Unit: mm

1,0924 Max
0,97101
0,84963
0,72826
0,60688
0,4855
0,36413
0,24275
0,12138

0 Min

1000,00 {mm)

25000 750 nn

Figure 36 — Buckling Mode 1 - Load Multiplier: 10.6
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J: Linear Buckling

Total Deformation 2
Type: Total Deformation
Load Multiplier: 11,186
Unit: mm

1,2536 Max
11143
0,97502
0,83573
0,69644
0,55715
0,41786
0,27858
0,13929
0Min

1000,00 {rmm)

250,00 750,00

Figure 37 — Buckling Mode 2 - Load Multiplier: 11.2

J: Linear Buckling

Total Deformation 3
Type: Total Deformation
Load Multiplier: 13,936
Unit: mm

1 Max

0,77779

0,55557
0,44445
0,33334

1000,00 {mm)

250,00 750,00

Figure 38 — Buckling Mode 3 - Load Multiplier: 14 (Bellow)
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J: Linear Buckling

Total Deformation 4
Type: Total Deformation
Load Multiplier: 14,001
Unit: mm

1 Max

0,8889

0,77779
0,66668
0,55557
0,44445
0,33334
0,22223
011111
0 Min

1000,00 {mm)

250,00 750,00

Figure 39 — Buckling Mode 4 - Load Multiplier: 14 (Bellow)
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