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LB650 Cryomodule — Preliminary design review

PARTS STUDIED
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LB650 Cryomodule — Preliminary design review

METHODOLOGY OF THE STUDIES
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METHODOLOGY OF THE STUDIES I PIP-I -

LV, V,V,V,V]

At first, the simulations are performed on individual components of the cryomodule.
Two types of simulations for the transportation studies are done :

» S1|Quasi-static simulations
- S1.x |5.0g on the beam axis
- Sl.y |1.5g on the lateral axis
- S1.z |3.0g on the vertical axis

» S2 | Modal analysis

- Target on all modes >30Hz
(for individual components)

- Target on whole cryomodule >20Hz

Beam axis

>\ 4
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METHODOLOGY OF THE STUDIES I PIP-I -

LV, V,V,V,V]

At first, the simulations are performed on individual components of the cryomodule.
Two types of simulations for the transportation studies are done :

» S1|Quasi-static simulations
- S1.x |5.0g on the beam axis
- Sl.y |1.5g on the lateral axis
- S1.z |3.0g on the vertical axis

» S2 | Modal analysis

- Target on all modes >30Hz
(for individual components)

- Target on whole cryomodule >20Hz - oy 5.0g

Beam axis

5.0g
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METHODOLOGY OF THE STUDIES I PIP-I -

LV, V,V,V,V]

At first, the simulations are performed on individual components of the cryomodule.
Two types of simulations for the transportation studies are done :

» S1|Quasi-static simulations
- S1.x |5.0g on the beam axis
- Sl1l.y |1.5g on the lateral axis
- S1.z |3.0g on the vertical axis

» S2 | Modal analysis

- Target on all modes >30Hz
(for individual components)

- Target on whole cryomodule >20Hz

Beam axis

>\ 4
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METHODOLOGY OF THE STUDIES I PIP-I -

LV, V,V,V,V]

At first, the simulations are performed on individual components of the cryomodule.
Two types of simulations for the transportation studies are done :

» S1|Quasi-static simulations
- S1.x |5.0g on the beam axis 3.0g
- Sl.y |1.5g on the lateral axis
- §1.z |3.0g on the vertical axis

» S2 | Modal analysis

- Target on all modes >30Hz
(for individual components)

- Target on whole cryomodule >20Hz

Beam axis

>\ 4
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LB650 Cryomodule — Preliminary design review

SIMULATIONS
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RESULTS — Vacuum vessel -

Vacuum vessel boundary conditions
» Interfaces with the ground is fixed.

» A mass of 2800kg is connected to the strongback interfaces. The point mass is located in the
center of the vacuum vessel along the beam axis.

Top port removed

Fixed surfaces
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cea RESULTS — Vacuum vessel -

Vacuum vessel Results — Quasi static simulations
S1.x | Displacement Type of

AH: X_Axis_5g simulations m Displacements

Total Deformation
Type: Total Deformation

Unit: mm 226 MPa 0.6 mm
Time: 1
0,60373 Max
I 0,53665 220 MPa 2.1 mm
0,46957
040249
0,33541 92 MPa 1.7 mm
0,26832
0,20124 z
0,13416
0,067081 y Stress (for P355gh Steel) and displacement
0 Min are acceptable for the quasi-static
0,00 1000,00 2000,00 (mm) acceleration simulations.
I
500,00 1500,00
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E RESULTS — Vacuum vessel PIP-I|

Vacuum vessel Results — Quasi static simulations
S1.x | Stress

AH: X_Axis_5g
Equivalent Stress

Type: Equivalent (von-Mises) Stress 226 MPa 0.6 mm
Unit: MPa
Time: 2
225,9 Max 220 MPa 2.1 mm
5 200,8
175,7
— 1506
125,5 92 MPa 1.7 mm
100,4
75,3
| 502 x‘\‘[/'y ' Stress and displacement are acceptable for
I (2,'5(’,1,04737 - L the quasi-static acceleration simulations.
(P355gh Steel stress limit at 355MPa*0.8 =
00 1500,00 3009,00 (mm) 284 MPO)

750,00 2250,00
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E RESULTS — Vacuum vessel PIP-I|

Vacuum vessel Results — Quasi static simulations
Sl.y | Stress

Al: Y_Axis_1.5g
Equivalent Stress

Type: Equivalent (von-Mises) Stress 226 MPa 0.6 mm
Unit: MPa
Time: 2
219,9 Max 220 MPa 2.1 mm
5 195,5
171
mm 146,6
122,2 92 MPa 1.7 mm
97,73
733
48,86 x‘\‘[/'y | Stress and displacement are acceptable for
I 2443 ) h i-static acceleration simulations
0,0001167 Min the quasi-sta :
(P355gh Steel stress limit at 355MPa*0.8 =
00 1500,00 3OOJO,OO (mm) 284 MPG)

750,00 2250,00
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m RESULTS — Vacuum vessel PIP-I|
LV, V,V,V, V]

Vacuum vessel results — Modal simulations
Effective mass

X Y Z
18.5Hz | 0.00% 0.83%  0.09%
20.4Hz | 0.00% | 66.7% | 0.47%
AL: Modal 344Hz 0.01% 1.60% 7.40%

Total Def [
Tl Deformton 48.7Hz 0.00% 3.45% 5.76%

Frequency: 18,522 Hz
Unit: rmm

Frequency

Mode 1

The first mode is under 20 Hz but the effective

u 1,02 Max mass participating to this mode is low.

0,905
| oo The second mode and last mode under 30Hz
| 0,678 have a high effective mass.
0,565
L 0,452
L[ p320 .

0,226
I 0,113 l-
0 Min b

Commissariat a I’énergie atomique et aux énergies alternatives R. Cubizolles — TRANSPORT STUDIES — PDR-LB650-D2-06 March 2021

] fe+03 (mm)
|




m RESULTS — Vacuum vessel I PIP-I -
LV, V,V,V,V)

Vacuum vessel results — Modal simulations
Effective mass

X Y 4
18.5 Hz 0.00% 0.83% 0.09%

Frequency

Mode 2 20.4 Hz 0.00% 66.7% 0.47%
AL: Modal 34.4 Hz 0.01% 1.60% 7.40%
Total Deformation 2
Type: Total Deformation 48.7 Hz 0.00% 3.45% 5.76%

Frequency: 2039 Hz
Unit: rmm

- . 1,53 Max
1,36

The first mode is under 20 Hz but the effective
mass participating to this mode is low.

. The second mode and last mode under 30Hz
L | 1,00 have a high effective mass.
0,35
E o6
L 051
0,34 -

0,17 l.
= ki
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“ RESULTS — Vacuum vessel PIP-I|
LV, V,V,V, V]

Vacuum vessel results — Modal simulations
Effective mass

X Y 4
18.5 Hz 0.00% 0.83% 0.09%
20.4 Hz 0.00% 66.7% 0.47%
34.4 Hz 0.01% 1.60% 7.40%
48.7 Hz 0.00% 3.45% 5.76%

Frequency

For the previous simulations the ground (or stand)
interfaces where fixed. Specific interfaces as for the
HB650 cryomodule will be design for the
transportation.

The location of these interfaces will be placed as
close as possible to the stud (and thus to the
coupler) locations and will increase the stiffness of
the vacuum vessel.

HB650 transportation interfaces

Commissariat a I'énergie atomique et aux énergies alternatives R. Cubizolles — TRANSPORT STUDIES — PDR-LB650-D2-06 March 2021



RESULTS -
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RESULTS - St back -
rongbac - PIP-1I -

Strongback boundary conditions

» Interfaces with the studs are fixed

» Mass points of 350kg are attached on the interfaces with the cavity posts. The eight masses located on the beam
axis at 495 mm from the cavity post interface of the strongback. The total of the mass points is 2800kg and
correspond to the estimated cold mass mass.

Bottom view of the LB650 strongback Interfaces fixed
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[(VVVV)
RESULTS — St back -
rongbac - PIP-1I -

Strongback boundary conditions
» Interfaces with the studs are fixed

» Mass points of 350kg are attached on the interfaces with the cavity posts. The eight masses located on the beam
axis at 495 mm from the cavity post interface of the strongback. The total of the mass points is 2800kg and
correspond to the estimated cold mass mass.

Point Mass

. Point Mass 5
. Point Mass
. Point Mass
. Point Mass
. Point Mass
. Point Mass
. Point Mass
. Point Mass

-~ Beam AXxis

@ N o w AN
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E RESULTS - Strongback PIP-II

Strongback Results — Quasi static simulations
S1.x | Stress

311 MPa 0.21 mm

R: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 2

310,7 Max
F 276,2
241,7

207,1
- 1726
138,1
103,6
69,04
34,52
0,0007965 Min

97 MPa 0.20 mm

53 MPa 0.16 mm

0,00 1000,00 2000,00 (mm)
I J
500,00 1500,00
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E RESULTS — Strongback PIP-II

Strongback Results — Quasi static simulations
S1.x | Stress

311 MPa 0.21 mm
R: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stres:
YR ESivRle (0 MiSes) SEss 97 MPa 0.20 mm
Time: 2
310,7 Max
53 MPa 0.16 mm

, A peak stress of 311 MPa occur on the point

/‘K mass attachment.
10000 (o X . This stress is due to the stiffness of the link

300,00 between the G11 interface surfaces and the
points.
(316L stress limit at 200 MPa*0.8 = 160 MPa)

Commissariat a I'énergie atomique et aux énergies alternatives R. Cubizolles — TRANSPORT STUDIES — PDR-LB650-D2-06



[(VVVV)
RESULTS — St back -
rongbac - PIP-1I -

Strongback Results — Quasi static simulations
S1.x | Stress Type of
simulations

m Displacements

Links between the G11

311 MPa 0.21 mm
interfaces on the strongback
and the mass point
97 MPa 0.20 mm
53 MPa 0.16 mm

A peak stress of 311 MPa occur on the point
mass attachment.

This stress is due to the stiffness of the link
between the G11 interface surfaces and the
points.

800,00 (mrm) (316L stress limit at 200 MPa*0.8 = 160 MPaq)

600,00
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V.V, V, W,V

Effective mass
X Y y4
31.7Hz 0.00% 53.3%  0.00%
31.9Hz 0.00% 0.11%  0.00%
32.0Hz 0.00% 1.60%  0.00%
40.8Hz 0.61% 0.00% 0.57%

m RESULTS - Strongback PIP-II

Strongback Results — Modal simulations
Frequency

Mode 1

V: Modal

Total Deformation
Type: Total Deformation
Frequency: 31,681 Hz
Unit: rmrm

All the modes are over 30Hz

. 0,495 Max
044
L1 0,385
1 0,33

0,275
H 0,22
L 0,165
0,11
I 0,055
0 Min
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m RESULTS — Two-phase pipes PIP-II

Two-phase pipes boundary simulations

» The Heat Exchanger and the relief line are removed.

» G11 support fixed to the thermal shield.

» Bushings with the corresponding stiffness are used for the modelling of the bellows. Beams are used
» The cavity T tubes are represented and their bases are fixed. for screws and
» Stops on the cavity lugs are used as presented previously. INVAR Rods

Removing of the
H.E. and of the
Materials FE|Ief ||ne

[l 1.4404.316L EN 10088-3
[ ] AL 1100-F
. G10/G11

. Invar

G11 support

0,00 500,00 1000,00 (mm)
| I S|
250,00 750,00
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m RESULTS — Two-phase pipes

Two-phase pipes boundary simulations

» The Heat Exchanger and the relief line are removed.
» G11 support fixed to the thermal shield.

» Bushings with the corresponding stiffness are used for the modelling of the bellows.
» The cavity T tubes are represented and their bases are fixed.
» Stops on the cavity lugs are used as presented previously.

Materials

. 1,4404_316L EN 10088-3

| AL 1100-F
_ G10/G11

Bushing

Commissariat a I'énergie atomique et aux énergies alternatives

PIP-II

Bushing

Le

Connection to the cavity

helium tank fixed
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ﬂ RESULTS — Two-phase pipes PIP-I|

Two-phase pipes boundary simulations

» The Heat Exchanger and the relief line are removed.

» G11 support fixed to the thermal shield.

» Bushings with the corresponding stiffness are used for the modelling of the bellows.
» The cavity T tubes are represented and their bases are fixed.

» Stops on the cavity lugs are used as presented previously.

Cylin - Stop X 1

B oiin - Stop X 1 Location of the stops Displacement on Z+ is free

=§§:§:E§§ and blocked on z-

. Cylin - Stop Xneg 1
B cyiin - Stop x 4

. Cylin - Stop Xneg 3
. Cylin - Stop Xneg 2
. Cylin - Stop Xneg 4

Displacement on Z- is free

and blocked on Z+ | Y\L.
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cea RESULTS — Two-phase es -

Two-phase pipes Results — Quasi static simulations

S1.x | Deformations Type of
simulations

m Displacements

50MPa 0.6mm
J: Acc 5G Xaxis
Total Deformation
Type: Total Deformation
Unit: mm 28MPa 0.2mm
Time: 2
0,567 Max
0,504 _—
0,441 auusesell . e ; 38M Pa 0.3mm
z Stress and displacements are acceptable for
Yo l x the quasi-static acceleration simulations.
e 316L stress limit at 200MPa*0.8 = 160MPa
0,00 500,00 1000,00 (mm) Al 6061-T6 stress limit at 240MPa*0.8 = 192MPa
250,00 750,00 * TiGrd2 stress limit at 275MPa*0.8 = 220MPa
* INVAR stress limit at 276 MPa*0.8= 220MPa

Beam stress for all S1 simulations <33MPa
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[ ]
RESULTS — Two-phase es - o1l

Two-phase pipes Results — Modal simulations
Effective mass

X Y Z
38,7Hz 0.00% 0.00% 0.46%
41,2Hz 0.05% 1.78%  0.78%

46,4Hz 0.02% 2.59%  0.06%
Tota Deformation 4 51,2Hz  0.00% | 40.3% | 4.33%

Type: Total Deformation
Frequency: 55,366 Hz
Unit: mim

B All the modes are over 30Hz and
s e T LIS Ll the mode 4 have an effective
o o 1y - mass of 40.3% due to the

resonance of the two-phase pipe

a5 e ' =
central part

1,06
I 1,53
0 Min

Frequency

Mode 4
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RESULTS — Cavity posts and G11 posts -

Cavity posts and G11 posts boundary conditions

» Interfaces with the strongback is fixed
» A mass of 210kg is connected to the C-Shaped elements. The point mass corresponds to an equipped cavity and

is located in the center between the two post and along the beam axis.

Materials
‘ Surfaces of the C-Shaped elements
Il 144043761 Linked to the point mass Belleville washers
[ ] AL6061-T6 .
Mass point No connection

| ] G10/G11
D Titane Grd2

Z

...

z

\L' Surfaces of the C-Shaped elements
Y X

Linked to the point mass

0,00 350,00 700,00 (mm)

175,00 525,00
R. Cubizolles — TRANSPORT STUDIES — PDR-LB650-D2-06 March 2021
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m RESULTS — Cavity posts and G11 posts PIP-I|

Cavity posts and G11 posts — Quasi static simulations
S1.x | Deformations

Z:5g X ) 80MPa 1.8mm

Total Deformation
Type: Total Deformation

Unit: mm
Time: 2 11MPa 0.6mm
. 1,79 Max
1,59
= 1,39
i 8MPa 0.03mm
0,994
N z
0,796 . . . . .
| 0597 ,,/L For the quasi-static acceleration simulations
] ® .
, |the stress and deformations are acceptable.

e Minimal G11 stress limit at 152MPa*0.8 = 122MPa

0,398
I 0,199
0 Min

 316L stress limit at 200MPa*0.8 = 160MPa
0,00 350,00 700,00 (mm) * Al 6061-T6 stress limit at 240MPa*0.8 = 192MPa
_:—:175 00 595 00  TiGrd2 stress limit at 275MPa*0.8 = 220MPa
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m RESULTS — Cavity posts and G11 posts PIP-I|

Cavity posts and G11 posts — Quasi static simulations
S1.x | Deformations

Z:5g X | 80MPa 1.8mm

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 2

11MPa 0.6mm
80,1 Max
. 71,2
g o 8MPa 0.03mm
— 53,4
N 44,5
35,6 . . . . .
B 7 For the quasi-static acceleration simulations

the stress and deformations are acceptable.
*  Minimal G11 stress limit at 152MPa*0.8 = 122MPa

17,8
l 8’9
0,000792 Min

e 316L stress limit at 200MPa*0.8 = 160MPa
0,00 350,00 700,00 (mm) * Al 6061-T6 stress limit at 240MPa*0.8 = 192MPa
—17500:—52500:1 e TiGrd2 stress limit at 275MPa*0.8 = 220MPa
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m RESULTS — Cavity posts and G11 posts PIP-I|

Cavity posts and G11 posts — Modal simulations

Mode 1 Effective mass
Frequency
AC: Modal X Y Z

Total Deformation
24.7 Hz 0.03% 93.2% 0.00%

Type: Total Deformation
Frequency: 24,68 Hz

e 27.0Hz || 94.2% | 0.03%  0.00%

. 21572 Max

ms 103.8Hz  0.00% 0.00%  0.00%

u g 138.5Hz  0.00% 1.57%  0.01%
095877

L | 0,71008 The two first modes are close to the target of 30 HZ

A

Commissariat a I'énergie atomique et aux énergies alternatives R. Cubizolles — TRANSPORT STUDIES — PDR-LB650-D2-06 March 2021
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m RESULTS — Cavity posts and G11 posts PIP-I|

Cavity posts and G11 posts — Modal simulations

Mode 2 Effective mass
Frequency
AC: Modal X Y Z

Total Deformation 2
24.7 Hz 0.03% 93.2% 0.00%

Type: Total Defarmation
Frequency: 26,95 Hz

e 27.0Hz || 94.2% | 0.03%  0.00%
. 20229 Max

by 103.8Hz  0.00% 0.00%  0.00%
P 138.5Hz  0.00% 1.57%  0.01%
. 0,29906 .

L | 06743 The two first modes are close to the target of 30 HZ
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m PARTS STUDIED I PIP-I -
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RESULTS — Crvomodule . 2 s

Test with a model with Vacuum
vessel, strongback and cavity posts

» Ground interfaces are fixed Cavity post and C shaped elements : Titanium Grade 2

» A mass of 105kg is connected to the C- waterias
Shaped elements. The point mass M o7
corresponds to half of an equipped cavity 51\322:1?
and is located in the center between the ngor}fn

two post and along the beam axis. [ steel P355gh

DTitaneGrdZ
» A mass of 500kg is attached to the
strongback upper part in order to
represent the cold mass mass.

A A [

:‘7@(,,,

/'

Studs : 316L and Bronze

Vacuum vessel : 304L and P355gh —

G11 posts : 316L, Al 6061-T6, G11
Strongback : 316L
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g RESULTS — Cryomodule PIP-I|

Cavity posts and G11 posts — Quasi static simulations
S1.x | Deformations

S: X_Axis-5¢g 117 MPa 3.0 mm
Total Deformation
Type: Total Deformation
Unit: mm
Time: 1 92 MPa 2.1 mm
3,0129 Max
! 2,6782
2,3434 76 MPa 1.6 mm
2,0086
1,6739
1';;2; Stress is acceptable on the different components.
' S1.x simulation shows a longitudinal displacement

0,66954 | ,
0,33477 )’L of 3mm for all the cavity posts.
0 Min = v Thus, as the inter-cavity bellows as a axial stroke of
6B T 56508, e +/-6.0mm and a radial stroke of 3.0mm the cavity
I ..

J :
500,00 200,00 displacements are acceptable.
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RESULTS — Crvomodule - o1l

Cryomodule — Modal simulations Effective mass

Frequency
X Y Z

202Hz | 0.00% 42.1%  0.55%
209Hz | 0.13% 857%  0.02%
Mode 1 21.4Hz | 0.02% 2.85%  0.00%
T 22.1Hz | 1.10% 0.00%  0.02%
222Hz | 15.1% 0.14%  0.00%

W: Modal

Total Deformation
Type: Total Deformation
Frequency: 20,157 Hz

dnit: mim

- [t 223Hz | 0.36% 0.02%  0.00%
11,3745

; taenTe All the first six resonance frequencies are over 20Hz.
e Due to the transportation frame isolation, resonance

frequencies of the global model of the cryomodule can
be over 20Hz

vy Thus, the current preliminary cryomodule design is
acceptable for the modal analysis.

03927
I 019635
0 Min

000 1000,00 2000,00 {rmrm)
I T
300,00 1500,00
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V.V, V, W,V

Cryomodule — Modal simulations Effective mass
Frequency

E RESULTS — Cryomodule PIP-I|

X Y 4
20.2Hz | 0.00% 42.1%  0.55%
20.9Hz | 0.13% 8.57%  0.02%
Mode 2 21.4Hz | 0.02% 2.85%  0.00%
| 22.1Hz | 1.10% 0.00%  0.02%
22.2Hz | 15.1% 0.14%  0.00%
223Hz | 0.36% 0.02%  0.00%

W: Modal

Total Deforrnation 2
Type: Total Defarmation
Frequency: 20,853 Hz
Unit: rrrm

1,58 Max
14

1,23

1,08
neva
o7z
0527
0,351
0176

0 Min

All the first six resonance frequencies are over 20Hz.
Due to the transportation frame isolation, resonance
frequencies of the global model of the cryomodule can
be over 20Hz

vy Thus, the current preliminary cryomodule design is
acceptable for the modal analysis.
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LB650 Cryomodule — Preliminary design review

CONCLUSION
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ﬂ CONCLUSION Ak

Summary
» Two types of simulations :
- Quasi-static acceleration simulations (1.5g lateral, 3.0g vertical, 5.0g longitudinal).

- Modal analysis :
= For individual components : Resonance frequencies have to be over 30Hz
= For global cryomodule : Resonance frequencies have to be over 20Hz

» Individual studies of the following components were performed :
- Vacuum vessel,
- Strongback,
- Cavity posts,
- Two-phase pipes.
» Global studies were performed taking into account the vacuum vessel, strongback and G11 and cavity posts. The
resonance frequencies for the global studies is over 20Hz.

Further work
» Conception and simulations on the transport frame.
» Full cryomodule simulations taking into account the geometry of the critical components as cavities and couplers.
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RESULTS -

Overview of the cryomodule Vacuum vessel

top port
PP Heat

Thermal shield + MLI
exchanger

Relief line

Bayonets and KIS (= Viewport for
cryogenic valves \ » &— HBCAM
Two phase o) j‘ -
helium pipe Cold / warm
transition

Vacuum vessel

end cap Magnetic shield

Cavity support post

G11 support post

Beam line
gate valve

Strongback

Vacuum
vessel
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“ RESULTS — Vacuum vessel PIP-I|

Vacuum vessel Results — Quasi static simulations
Sl.y | Displacement

Al: Y_Axis_1.5¢g
Total Deformation

Type: Total Deformation 226 MPa 0.6 mm
Unit: mm
Time: 2

2,1393 Max 220 MPa 2.1 mm
O 1,9016
1,6639
— 1,4262 92 MPa 1.7 mm
N 1,1885

0,9508 _
07131 Stress and displacement are acceptable for

the quasi-static acceleration simulations.

0,4754
I 0,2377 (P355gh Steel stress limit at 355MPa*0.8 =
0 Min

284 MPa)
0,00 1000,00 2000,00 (mm)
] | |
500,00 1500,00
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E RESULTS — Vacuum vessel PIP-I|

Vacuum vessel Results — Quasi static simulations
Sl.y | Stress

Al: Y_Axis_1.5g
Equivalent Stress

Type: Equivalent (von-Mises) Stress 226 MPa 0.6 mm
Unit: MPa
Time: 2
219,9 Max 220 MPa 2.1 mm
5 195,5
171
mm 146,6
122,2 92 MPa 1.7 mm
97,73
733
48,86 x‘\‘[/'y | Stress and displacement are acceptable for
I 2443 ) h i-static acceleration simulations
0,0001167 Min the quasi-sta :
(P355gh Steel stress limit at 355MPa*0.8 =
00 1500,00 3OOJO,OO (mm) 284 MPG)

750,00 2250,00
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m RESULTS — Vacuum vessel PIP-I|

Vacuum vessel Results — Quasi static simulations
S1.z | Displacement

AJ: Z_Axis_3g
Total Deformation
Type: Total Deformation

i 226 MPa 0.6 mm

Unit: mm
Time: 2
. 1,6996 Max 220 MPa 2.1 mm

1,5107

1,3219

11331 92 MPa 1.7 mm
N 0,94421

0,75537

0,56653 z Stress and displacement are acceptable for
I g'iggi , )Vt\ the quasi-static acceleration simulations.

o’Min Y  (P355gh Steel stress limit at 355MPa*0.8 =

284 MPa)
0,00 1000,00 2000,00 (mm)
I 4l
500,00 1500,00
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g RESULTS — Vacuum vessel PIP-I|

Vacuum vessel Results — Quasi static simulations
S1.z | Stress

AJ): Z_Axis_3g
Equivalent Stress 226 MPa 0.6 mm
Type: Equivalent (von-Mises) Stress ’
Unit: MPa
Time: 2
91.5 Max 220 MPa 2.1 mm
H 814
71,2
m 92 MPa 1.7 mm
50,9
40,7
e S d displ ble f
. X‘\L'Y tress and displacement are acceptable for
10,2 , the quasi-static acceleration simulations.
0.000172 Min (P355gh Steel stress limit at 355MPa*0.8 =
0,00 1500,00 300000 mm) 284 MPa)
I ... 9|
750,00 2250,00
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m RESULTS — Vacuum vessel PIP-I|
LV, V,V,V, V]

Vacuum vessel results — Modal simulations
Effective mass

X Y Z
18.5Hz | 0.00% 0.83%  0.09%
20.4Hz | 0.00% | 66.7% | 0.47%
AL: Modal 344Hz 0.01% 1.60% 7.40%

Total Def [
Tl Deformton 48.7Hz 0.00% 3.45% 5.76%

Frequency: 18,522 Hz
Unit: rmm

Frequency

Mode 1

The first mode is under 20 Hz but the effective

u 1,02 Max mass participating to this mode is low.

0,905
| oo The second mode and last mode under 30Hz
| 0,678 have a high effective mass.
0,565
L 0,452
L[ p320 .

0,226
I 0,113 l-
0 Min b
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m RESULTS — Vacuum vessel I PIP-I -
LV, V,V,V,V)

Vacuum vessel results — Modal simulations
Effective mass

X Y 4
18.5 Hz 0.00% 0.83% 0.09%

Frequency

Mode 2 20.4 Hz 0.00% 66.7% 0.47%
AL: Modal 34.4 Hz 0.01% 1.60% 7.40%
Total Deformation 2
Type: Total Deformation 48.7 Hz 0.00% 3.45% 5.76%

Frequency: 2039 Hz
Unit: rmm

- . 1,53 Max
1,36

The first mode is under 20 Hz but the effective
mass participating to this mode is low.

. The second mode and last mode under 30Hz
L | 1,00 have a high effective mass.
0,35
E o6
L 051
0,34 -

0,17 l.
= ki
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g RESULTS — Vacuum vessel PIP-I|
V.V, V, W,V

Vacuum vessel results — Modal simulations
Effective mass

X Y 4
18.5Hz | 0.00% 0.83%  0.09%
20.4Hz | 0.00% | 66.7% | 0.47%
AL: Modal 344Hz 0.01% 1.60% 7.40%

Total Def tion 3
Type: Tatal Defarmation 48.7Hz  0.00%  3.45%  5.76%

Frequency: 34,357 Hz
Unit: mrm

Frequency

Mode 3

The first mode is under 20 Hz but the effective

u 2,2 Max mass participating to this mode is low.
1,95
| The second mode and last mode under 30Hz
— 1,47 have a high effective mass.
1,22
I o077
L | 0733 z

0,489
II 0,244 l.
0 Min b
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g RESULTS — Vacuum vessel PIP-I|
LV, V,V,V, V]

Vacuum vessel results — Modal simulations
Effective mass

X Y Z

18.5Hz | 0.00% 0.83%  0.09%
20.4Hz | 0.00% | 66.7% | 0.47%
AL: Modal 34.4Hz 0.01% 1.60% 7.40%

Total Def ian 4
T;;?e:TZtE;TrS:E::uDr:n " 48.7Hz 0.00% 3.45% 5.76%

Frequency: 458,706 Hz
Unit: rmm

Frequency

Mode 4

The first mode is under 20 Hz but the effective

M ;1;-;&: mass participating to this mode is low.

e The second mode and last mode under 30Hz
| 2,67 have a high effective mass.

L 22

L 1,78

L 1,33 z

0,820
I 0,445 ‘l:_‘
0 Min ¥
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RESULTS -

Overview of the cryomodule Vacuum vessel

top port
PP Heat

Thermal shield + MLI
exchanger

Relief line

Bayonets and KIS (= Viewport for
cryogenic valves \ » &— HBCAM
Two phase o) j‘ -
helium pipe Cold / warm
transition

Vacuum vessel

end cap Magnetic shield

Cavity support post

G11 support post

Beam line
gate valve

Strongback

Vacuum
vessel
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m RESULTS — Strongback I PIP-I -

Strongback Results — Quasi static simulations
S1.x | Displacement

311 MPa 0.21 mm

R: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 2

97 MPa 0.20 mm

0,211 Max
0,188
0,164
0,141
0,117
0,094

= 0,0705
0,047
0,0235

0 Min

53 MPa 0.16 mm

0,00 1000,00 2000,00 (mm)
500,00 1500,00
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E RESULTS - Strongback PIP-II

Strongback Results — Quasi static simulations
S1.x | Stress

311 MPa 0.21 mm

R: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 2

310,7 Max
F 276,2
241,7

207,1
- 1726
138,1
103,6
69,04
34,52
0,0007965 Min

97 MPa 0.20 mm

53 MPa 0.16 mm

0,00 1000,00 2000,00 (mm)
I J
500,00 1500,00
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RESULTS - Strongback PIP-II

AV,V,V,V,V]
Strongback Results — Quasi static simulations

S1.y | Displacement Type of m

0.21 mm

S: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 2

0.20 mm

0,202 Max
0,18

0,157

0,135

0,112
0,0899
0,0674
0,045
0,0225

0 Min

0.16 mm

0,00 1000,00 2000,00 (mm)
500,00 1500,00
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E RESULTS - Strongback PIP-II

Strongback Results — Quasi static simulations
Sl.y | Stress

311 MPa 0.21 mm

S: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 2

97 MPa 0.20 mm

96,5 Max
85,8
75,1
64,4
53,6
429
32,2

10,7 -
3,58e-5 Min z ;
5 y

0,00 1000,00 2000,00 (mm)
B E—
500,00 1500,00

53 MPa 0.16 mm
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RESULTS - Strongback PIP-II

AV,V,V,V,V]
Strongback Results — Quasi static simulations

S1.z | Displacement Type of m

0.21 mm

T: Static Structural
Total Deformation
Type: Total Deformation
Unit. mm

Time: 2

0.20 mm

0,158 Max
0,141

0,123
0,105
0,0879
0,0703
0,0527
0,0351
0,0176

0 Min

0.16 mm

0,00 1000,00 2000,00 (mm)
500,00 1500,00
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E RESULTS - Strongback PIP-II

Strongback Results — Quasi static simulations
S1.z | Stress

311 MPa 0.21 mm

T: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 2

97 MPa 0.20 mm

53,2 Max
47,3

414

35,5

29,5

23,6

17,7

11,8

591

0,000215 Min

53 MPa 0.16 mm

0,00 1000,00 2000,00 (mm)
B —
500,00 1500,00
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RESULTS -

Overview of the cryomodule Vacuum vessel

top port
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i [(VVVV)
cea RESULTS — Two-phase es -

Two-phase pipes Results — Quasi static simulations

S1.x | Stress Type of
simulations

m Displacements

50MPa 0.6mm

J: Acc 5G Xaxis

Total Deformation
Type: Total Deformation
Unit: mm

Time: 2

28MPa 0.2mm

0,567 Max
0,504
0,441

38MPa 0.3mm

0,378
0,315
0,25 .
0,188 Stress and displacements are acceptable for
0,126 . . . . .
0,063 the quasi-static acceleration simulations.
0 Min e 316L stress limit at 200MPa*0.8 = 160MPa
000 50000 100000 e Al 6061-T6 stress limit at 240MPa*0.8 = 192MPa
— " 2 IR e TiGrd2 stress limit at 275MPa*0.8 = 220MPa
= ok «  INVAR stress limit at 276MPa*0.8= 220MPa
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E RESULTS — Two-phase pipes PIP-I|

Two-phase pipes Results — Quasi static simulations
S1.x | Stress

50MPa 0.6mm

J: Acc 5G Xaxis
Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit: MPa 28MPa 0.2mm

Time: 2

50,1 Max
44,5
== 389
334

38MPa 0.3mm

Stress and displacements are acceptable for

G o6 the quasi-static acceleration simulations.
1,35e-6 Min * 316L stress limit at 200MPa*0.8 = 160MPa
000 500,00 100000 () . A! 6061-T6 stre.ss .limit at 240MPa*0.8 = 192MPa
= — * TiGrd2 stress limit at 275MPa*0.8 = 220MPa
' ' * INVAR stress limit at 276 MPa*0.8= 220MPa
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g RESULTS — Two-phase pipes PIP-II

Two-phase pipes Results — Quasi static simulations
S1.x | Stress

50MPa 0.6mm
28MPa 0.2mm
— 334 38MPa 0.3mm

27,8
22,3
16,7
11,1
5,56

Stress and displacements are acceptable for
the quasi-static acceleration simulations.

1,35e-6 Min e 316L stress limit at 200MPa*0.8 = 160MPa
* Al 6061-T6 stress limit at 240MPa*0.8 = 192MPa

0,00_ 50,00_ 100,00 (mm) * TiGrd2 stress limit at 275MPa*0.8 = 220MPa

25,00 75,00 * INVAR stress limit at 276 MPa*0.8= 220MPa
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[ ]
2% RESULTS — Two-phase es / 2 s

Two-phase pipes Results — Quasi static simulations

S1.y | Deformations Type of
simulations

m Displacements

50MPa 0.6mm

K: Acc 1.5g Yaxis

Total Deformation
Type: Total Deformation
Unit: mm

Time: 2

28MPa 0.2mm

0,243 Max
0,216

0,162

Stress and displacements are acceptable for

33’:3 | the quasi-static acceleration simulations.
0 Min e * 316L stress limit at 200MPa*0.8 = 160MPa
’ 0,00 500,00 1000,00 (i) . A! 6061-T6 stre.ss !imit at 240MPa*0.8 = 192MPa
— * TiGrd2 stress limit at 275MPa*0.8 = 220MPa
’ ' * INVAR stress limit at 276 MPa*0.8= 220MPa

Commissariat a I'énergie atomique et aux énergies alternatives R. Cubizolles — TRANSPORT STUDIES — PDR-LB650-D2-06 March 2021 “



E RESULTS — Two-phase pipes PIP-I|

Two-phase pipes Results — Quasi static simulations
Sl.y | Stress

50MPa 0.6mm

K: Acc 1.5g Yaxis
Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit: MPa | 28MPa 0.2mm

Time: 2

27,7 Max
24,7
= 21.6
18,5
15,4

38MPa 0.3mm

123 i

9,25 \ Stress and displacements are acceptable for
6,16 . . . . .

308 the quasi-static acceleration simulations.

3,68e-5 Min e 316L stress limit at 200MPa*0.8 = 160MPa
000 500,00 100000 () . A! 6061-T6 stre.ss .limit at 240MPa*0.8 = 192MPa

= — * TiGrd2 stress limit at 275MPa*0.8 = 220MPa

' ' * INVAR stress limit at 276 MPa*0.8= 220MPa
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E RESULTS — Two-phase pipes PIP-II

Two-phase pipes Results — Quasi static simulations
Sl.y | Stress

K: Acc 1.5g Yaxis
Equivalent Sty

U):\pts E zy 50MPa 0.6mm
MPa
28MPa 0.2mm
38MPa 0.3mm

Stress and displacements are acceptable for
the quasi-static acceleration simulations.

= * 316L stress limit at 200MPa*0.8 = 160MPa
° _ [ | * —
0,00 50,00 100,00 (mm) Al 6061-T6 stress limit at 240MPa*0.8 = 192MPa
— — )  TiGrd2 stress limit at 275MPa*0.8 = 220MPa
e - INVAR stress limit at 276MPa*0.8= 220MPa
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m RESULTS — Two-phase pipes PIP-I|

Two-phase pipes Results — Quasi static simulations
S1.z | Deformations

50MPa 0.6mm

L: Acc 3.0g Zaxis
Total Deformation
Type: Total Deformation

Unit: mm 28MPa 0.2mm

Time: 2

0,345 Max
0,306

0,268 e o @ < L= o 38MPa 0.3mm

Stress and displacements are acceptable for
0,0383 ;; the quasi-static acceleration simulations.

0 Min e 316L stress limit at 200MPa*0.8 = 160MPa
i 000 0000 160000 () . A! 6061-T6 stress .Iimit at 240MPa*0.8 = 192MPa

— e — * TiGrd2 stress limit at 275MPa*0.8 = 220MPa

’ ' * INVAR stress limit at 276 MPa*0.8= 220MPa
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E RESULTS — Two-phase pipes PIP-I|

Two-phase pipes Results — Quasi static simulations
S1.z | Stress

50MPa 0.6mm

L: Acc 3.0g Zaxis
Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit: MPa | 28MPa 0.2mm

Time: 2

37,7 Max
33,5
o 29.3

38MPa 0.3mm

Stress and displacements are acceptable for

the quasi-static acceleration simulations.
* 316l stress limit at 200MPa*0.8 = 160MPa

4,37e-5 Min

000 — 1000.00 e Al 6061-T6 stress limit at 240MPa*0.8 = 192MPa
— — mm e TiGrd2 stress limit at 275MPa*0.8 = 220MPa
' ' * INVAR stress limit at 276 MPa*0.8= 220MPa
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g RESULTS — Two-phase pipes PIP-II

Two-phase pipes Results — Quasi static simulations
S1.z | Stress

50MPa 0.6mm
28MPa 0.2mm
38MPa 0.3mm

Stress and displacements are acceptable for
the quasi-static acceleration simulations.

4,37e-5 Min

100,00 (mm)

* 316L stress limit at 200MPa*0.8 = 160MPa
* Al 6061-T6 stress limit at 240MPa*0.8 = 192MPa
* TiGrd2 stress limit at 275MPa*0.8 = 220MPa
* INVAR stress limit at 276 MPa*0.8= 220MPa
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[ ]
RESULTS — Two-phase es - ik

Two-phase pipes Results — Modal simulations
Effective mass

X Y Z
38,7 Hz 0.00% 0.00% 0.46%
41,2 Hz 0.05% 1.78% 0.78%
46,4 Hz 0.02% 2.59% 0.06%
N: Modal 51,2 Hz 0.00% 40.3% 4.33%

Total Deformation
Type: Total Deformation
Frequency: 38,247 Hz
Unit: rmrm

Frequency

Mode 1

41,6 Max
37
£V
2ET
23,1
18,5
13,9
Q24
4,62

0 Min

Jdo
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[ ]
RESULTS — Two-phase es - ik

Two-phase pipes Results — Modal simulations
Effective mass

X Y Z
38,7 Hz 0.00% 0.00% 0.46%
41,2 Hz 0.05% 1.78% 0.78%
46,4 Hz 0.02% 2.59% 0.06%
N: Modal 51,2 Hz 0.00% 40.3% 4.33%

Total Defarrmation 2
Type: Total Deformation
Frequency: 41,24 Hz
Unit: rmrm

Frequency

Mode 2

28,3 Max
25,1
22
18,8
15,7
12,6
Q42
6,28
3,14

0 Min
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[ ]
RESULTS — Two-phase es - ik

Two-phase pipes Results — Modal simulations
Effective mass

X Y Z
38,7 Hz 0.00% 0.00% 0.46%
41,2 Hz 0.05% 1.78% 0.78%
46,4 Hz 0.02% 2.59% 0.06%
N: Modal 51,2 Hz 0.00% 40.3% 4.33%

Total Defarrmation 3
Type: Total Deformation
Frequency: 46,452 Hz
Unit: rmrm

Frequency

Mode 3

27.8 Max
24,8
21,7
18,6
15,5
12,4
928 4
619 L
300 K e
0 Min

Jdo
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RESULTS — Two-phase es - o1l

Two-phase pipes Results — Modal simulations
Effective mass

X Y Z
38,7 Hz 0.00% 0.00% 0.46%
41,2 Hz 0.05% 1.78% 0.78%
46,4 Hz 0.02% 2.59% 0.06%
N: Modal 51,2 Hz 0.00% 40.3% 4.33%

Total Defarmation 4
Type: Total Deformation
Frequency: 55,366 Hz
Unit: rmrm

. 12.8 Max

12,2

L1 10,7

L1 919 e
766 2

Frequency

Mode 4

6,12 .
L 459 . Rl
306
1,53

0 Min
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RESULTS -

Overview of the cryomodule Vacuum vessel

top port
PP Heat

Thermal shield + MLI
exchanger

Relief line

Bayonets and KIS (= Viewport for
cryogenic valves \ » &— HBCAM
Two phase o) j‘ -
helium pipe Cold / warm
transition

Vacuum vessel

end cap Magnetic shield

Cavity support post

G11 support post

Beam line
gate valve

Strongback

Vacuum
vessel
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m RESULTS — Cavity posts and G11 posts PIP-I|

Cavity posts and G11 posts — Quasi static simulations
S1.x | Stress

Z:5g X
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 2

80,1 Max
71,2

62,3

534

4 445

1 356

26,7

17,8

8,9

0,000792 Min

80MPa 1.8mm

11MPa 0.6mm

M}LY 8MPa 0.03mm

0,00 350,00 700,00 (mm)
I 0O O 0
175,00 525,00
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m RESULTS — Cavity posts and G11 posts PIP-I|

Cavity posts and G11 posts — Quasi static simulations
S1.y | Deformations

Y:1.5gY

Total Deformation
Type: Total Deformation
Unit: mm

Time: 2

0,552 Max
0,491

043

0,368
0,307
0,246

- 0,184
0,123
0,0614

0 Min

80MPa 1.8mm

11MPa 0.6mm

x.z']\y 8MPa 0.03mm

0,00 350,00 700,00 (mm)
| EEaaaaaa—
175,00 525,00
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E RESULTS — Cavity posts and G11 posts PIP-I|

Cavity posts and G11 posts — Quasi static simulations
Sl.y | Stress

Y:1.5gY

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 2

10,7 Max
947

8,29

71

5,92

4,74

3,55

2,37

1,18

9,25e-5 Min

80MPa 1.8mm

11MPa 0.6mm

u/‘kv 8MPa 0.03mm

0,00 350,00 700,00 (mm)
I 0O O 00
175,00 525,00
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RESULTS — Cavity posts and G11 posts PIP-I|

Cavity posts and G11 posts — Quasi static simulations
S1.z | Deformations

AA:3gZ

Total Deformation
Type: Total Deformation
Unit: mm

Time: 2

Type of
simulations

m Displacements

80MPa 1.8mm

0,0293 Max
0,026

0,0228
0,0195
0,0163

0,013
0,00976
0,00651
0,00325

0 Min

11MPa 0.6mm

8MPa 0.03mm

0,00 350,00 700,00 (mm)
L EEaaa—  EE—
175,00 525,00
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E RESULTS — Cavity posts and G11 posts PIP-I|

Cavity posts and G11 posts — Quasi static simulations
S1.z | Stress

AA:3gZ

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 2

8,08 Max
7,18

6,28

5,39

4,49

3,59

2,69

1,8

0,898
0,000141 Min

80MPa 1.8mm

11MPa 0.6mm

M}T\Y 8MPa 0.03mm

0,00 350,00 700,00 (mm)
175,00 525,00
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