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Cryomodule

Frame

- Static structural analysis - Spec requires to reduce CM
(5G,3G,1.5G) shocks to (3.5G,2.5G,1.5G)

- Modal analysis h>10Hz - Modal analysis h<10Hz

& Individual components
DS . Bellf)yvs
* (Cavities
* Supports
Vertical 3g » Coupler
\ * Thermal Shield
Two Phase
Cooling Lines

Strongback

Axial 5g * Magnetic Shields

Transvers 1.5g
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CAVITY
CAVITY b=09

AM: Copy of Copy of 1.5G
3G

Time: 0.54432 s

7/24/2020 10:34 PM

. Point Mass

Standard Earth Gravity: 9806.6 mm/s
@ Acceleration: 29420 mm/s*

. Fixed Support

|E| Displacemen t

Results comparable with report by N. Nigam (ED0010266)
CAVITY b=092

AC: Copy of Copy of Copy of Static Structural

3G
Time: 1.s
7/24/2020 10:52 PM

Al Point Mass

[B] Standard Earth Gravity: 9806.6 mm/;

[€] Acceleration: 29420 mm/s*

.F ed Support
[:]Dlspl eeeeee t

Kot

Results comparable to analysis by N. Sharma (Feb 2019 B92 Review)
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Stress (MPa) Mode Frequency, Hz
Ti-Bellows | Niobium 74
Allowable Stress 99 25 110
5G 35 11 12
Load 3G 62 13
1.5G 40 8
Stress (Mpa) Mode Frequency, H3
Ti-Bellows | Niobium 132
Allowable Stress 99 25 e
5G 32 20
Load 3G 85 27*
1.5G 40 13 *sharp corner

IA'A'A'AAY

PIP-II

AV, W, V,V,Vi



https://indico.fnal.gov/event/19663/contributions/53463/attachments/33334/40872/PIP-II_JCAV_Proto_FDR_1_Feb_2019_-_B0.92_Cavity_Design_-_Sharma_FINAL_v2.pdf

CAVITY SUPPORT

4

AR: Copy of Copy of Copy of 1.5G
SupportStress

Type: Equivalent (von-Mises) Stress - Top/Bottom

Unit: MPa
Time: 1
7/24/2020 10:24 PM

33.067 Max
29.393

25.719

22.045

18371

14.697

11.023

7.3494

3.6755
0.0015854 Min

1.5G Stress

AR: Copy of Copy of Copy of 1.5G
Directional Deformation

Type: Directional Deformation(X Axis)
Unit: mm

Global Coordinate System

Time: 1

F/24/2020 4:36 PM

0.18707 Max By
015272 = 018092 &
011836 1
0.083997 -0.10273
0.049638
0.015279
-0.01908
-0.053438
-0.087797
-0.12216 Min

AR: Copy of Copy of Copy of 1.5G
Total Deformation 2

0.185
mm

Type: Total Deformation
Unit: mm

Time: 1

7/24/2020 4:36 PM

0.18501 Max
0.16538
0.14575
012613

0.1065
0.086877
0.067252
0.047626
0028
0.0083741 Min
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COUPLER VACUUM END

[A] Standard Earth Gravity: 9,8066 m/s® Ixed
Acceleration: 49, m/s®

AE: COUPLER YACUUM END

Total Deformation

Type: Total Deformation

Unit:m

Tirne: 1

0.0012289 Max

0.0010923
000095577 _ Mode | |7 Frequency [Hz]
0.00031923 1_ 1, 37.481
0.0006827 2|2 37.489
0.00054616
00004096 313 116.84
0.00027308 i 4, 119.14
0.00013654 5 | 5. 220.96
0.000 0.150 0.300{m) i —
e —— 0 Min 6|6 223.52
0.075 0.225 _ . R
E Standard Earth Gravity: 8.8066 m/s
= Zz
AE: COUPLER YACUUM | Acceleration: 294 s 3 G A+ COUPLER YACU!
Maxrmumﬁombmed SFn Total Deformation Ma.ximum Combinat
Type: Maximum Combin Type: Total Deformation Type: Maximum Con
Unit: Pa Unit:m Unit: Pa
Time: 1 Time: 1 Tirne: 1
. 2.1465e7 Max 0.00096472 Max . 2.8602e 7 Max
1.9056e7 ! 0.00085753 2.5424e7
L 1.6647e7 0.00075033 | 2.2246e7
| 1.4239e7 =] 0.00064314 || 1.90687
118387 0.00053595 l 1.5807
— 0.00042876 1.2712e7
9.4207e6 e
— 0.00032157 L 0.5341e6
1 7.0118e6
0.00021438 6.3561e6
ARG 0.00010719 I 3.1781e6
2.1%e6 0 Min — AT 103.66 Min
0.100(m) -2.1491e5 Min 0.000
.
75

0.075
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Two-Phase Pipe: 3G

Unit: mrm
Tirne: 2
T/6/2020 .36 PM

0.78597 Max
0.69864
0.61131
052398
043665
034082
0.26199
017466
0.08733
0 Min

Total Def.

Unit: bPa
Tirne: 2

Custom

62020 737 PM

79.625 Max
T0.778
61.93

53.083
44,236
35,389
26,542
17.694
8.8472

1.0556e-7 Min Eq . St ress

32112
2118
. 1612

81245
012855

-0.16375
-030172
. -04377
-0.37387
-0.70965

Stress- 72 MPa Max Vert Def: AMax=0.60mm Axial Def: AMax=1.24mm

SS316 Yield*0.8= 138 MPa Spec: 2.0mm Spec: 6.5mm
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Two-Phase Pipe: 5G-3G-1.5G

Mode

Component e
Most Stressed Bellow Piping :3
5G 72 43
Max Stress
(MPa) 3G /8 80 All <<138 MPa
1.5G 43 41
5G 0.6
Max Trans | 35 0.82 N/A All <<2.0 mm
Def (mm)
1.5G 0.67
. 5G 1.24
Max Axial 3G 1.08 N/A All <<6.0 mm
Def (mm '
( ) 1.5G 0.6
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Global Magnetic Shield: L-Channel Stiffener
Eq. Stress Modal- 22 Hz

Q: Copy of Copy of Copy of Static Structural
Equivalent Stress

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

Time: 1
7424720201117 PM

Q: Copy of Copy of Copy of Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

7/6/2020 9:29 PM

235.71 Max
128 3.9131 Max
112 3.4783
SG 96 3.0435
80 2.6087
64 2.1739
48 1.7392
32 1.3044
6 0.86958
0 Min 0.43479
0 Min
Mu-Metal
o Modal- 32 Hz
Yield*0.8= 128 MPa
Ll-r';it: ralan
_ Tirre: 1
Unit: MPa ANSYS 7542020 1:08 PM
Tirme: 1 2019 R2
7/5/2020 110 P . 0.54171 Max
74.684 Max 0.48152
3G 66,306 L | 042133
52,089 L | 036114
49.79 L | 030095
;‘;jﬁi L 024078
11606 L | 0.18057
i~ 012038
g.2007 0.060191
0.0016897 Min 0 Min
. . SV VV VY
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CAVITY STRING

1 1 ) 2
BELLOWS BELLOWS BELLOWS BELLOWS
BEAM PIPE, BEAM PIPE, BEAM PIPE, BEAM PIPE,
LONG B90 TO B90 B90 TO BSO LONG
1 1 1

BELLOWS BELLOWS
BEAM PIPE, BEAM PIPE,
B92 TO B92 B90 TO B92

—_— N
_-.r 1
CRN_

el o lw: Huuum' *j‘-l_[llllllll' Lj;_l_[llllllll_.'--:.-_?_-,‘

BELLOWS
BEAM PIPE,
B9S2 TO B9O

. --!—-

-!—- e --!—- --3—-—--!—- I-J!—-—--!—- I-J!—- --!—- -..J!—-—-- N
R I 1 1 U 1 — s

CAVITY  CAVITY CAVITY  CAVITY  CAVITY CAVITY

B9S2 B9S2 BSO BSO B9SO B9S2
1 2 1 2 3 3
1 2 3 Z 5 8
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CAVITY STRING 5G AXIAL

0.0024025
0.0021356
0.0018686
0.0016017
0.0013347

0.0010678

0.00080083
0.000533859
000026694

0 Min

FREE OVERALL LENGTH: 122.43 [4.8]
MINIMUM STROKE: B8.35 [ .25]

MIMIMUM LATERAL STROKE: 1.%2 [ 020
MIMIMUM CYCLE LIFE: S000

B92 TO B92

AXTAL STROKE: +6.0MM [ .20 ]
LATERAL STROKE: 3.0MM [ . 12]
MINIMUM CYCLE LIFE: 5000

1.0307e-003 2

B90 TO B92
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CAVITY STRING 5G AXIAL

FREE OVERALL LEMGTHi ISE2.46 [ B.0 1]
MIMNIMUM S5TROSE : = 5 LT R |
MINIMUM LATERAL STROKE: B8MM [ .315)
MIMNIMUM CYCLE LIFES: o)
R=36.45mm

AXTAL STROKE: t6.0MM [ .20 1
A ST g 10 B O
BELLOWS, BEAM PIPE, LONG T
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SUPPORT STRONG BACK

Type: Total Deformation
Unit: m

Time: 1 3G

0.00034923 Max
0.00031042
0.00027162
0.00023282
0.00019401
0.00015521
0.00011641
7.7606e-5
3.8803e-5
0 Min

Type: Total Deformation

Unit: m 5 G

Tirme: 1
0.00065256 Max
0.00058005
0.00050755
0.00043504
0.00036253
0.00022003
0.00021752
0.0004501

7.2507e-5
0 Min

Type: Total Deformation
Unit: m

= 15G

0.00067652 Max
0.00060136
0.00052619
0.00045102
0.00037585
0.00030068

0.0002255 |

0.00015034
7.516%-5
0 Min

12 Sep 22,2020

NO ROTATION

Mode ||7 Frequency [HzZ] |

m]mlhlw]mj—l
W0 [ L D

20.863
38.079
49.077
50.365
59.054
62.334

[ Constraint Equation

Cheban, Helsper | Summary of HB650 CM Transportation Design | PIP-1l HB650
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5K LINE

Mode ||7 Frequency [HzZ]

1]1. 21.051

212 21.073

313 31.048

4|4, 31.056

515 40,409
0.0033538 Max & |6, 40,521
0.0020812
00026085
0.0022359 i ¥ 4 ™ =4
0.0018632
00014906 it T im am
0.0011179 H
0.00074529
000037265
0 Min

Type: Total Deformation
Unit: m
Time: 1

0.0025946 Max
0.0023063
0.0020181
0.0017298

00014415 L - P

0.0011532
0.00086488
0.00057659
0.00028829
0 Min

Type: Total Deformation
Unit: m
Time: 1

0.0011736 Max

0.0010432

0.00091283

0.00078243 3

0.00065202,
0.00052162

0.00039121
0.00026081
0.0001304
0 Min
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Type: Maximum Combined Stress -
Unit: Pa

Time: 1

. 6.8668e7 Max
6.0891e7
- 5.3115e7
- 4.533%7
3.7963e7
. 2.9786e7
L 2.201e7
1.4234e7
6.4575eb

Type: Maximurn Combined Stress
Unit: Pa
Time: 1

4.1288e 7 Max
3.6690:7
3.2111e7
2.7522e7

1.3757e7
9.1682e6
4.5797e6
Type: Maximum Combined Stress -
Unit: Pa
Time: 1

1.5481e7 Max
1.3761e7
1.20de7
1.032e7

8.6eb

5.1597e6
3.4395e6
1.7193e6



Mode “7 Frequency [Hz] I
25.36

27.144

31.516

2K LINE

5G

34.879 [

42,53 4.7375e6 Max
45.389 4.0547e6
4vdiTe-a an Copy of 2 PHASE PIPE

Maximurm Combined Stress

Jon [ [oo o |

e ol Lol L]

6
I

0.00041824 Max 0.0003253 0.00023236 0.0007354
0.00037177 0.00027883 0.00018588 9,2042e-5
AN: Copy of 2 PHASE PIPE
Total Deforration
Type: Total Deformation
Unit: m

Time: 1 ‘_.,..-"""'-—| F\M : | T
3G
2.088e7

0.0016719 Max 0.0013004 0.00092383 0.0005573 Q.008577 AN: Copy of 2 PHASE PIPE
0.0014861 0.0011146 0.000743086 0.00037153
AN: Copy of 2 PHASE PIPE
Total Deformation
Type: Total Deformation
Unit: m

Time:1 e F\M 4 | ———— T —
1.5G

2.349e | Max

Maximurm Combined Stress

I

0.00071264 Max 0.00055427 0.00039591 0.00023755 7.9182e-5 I8e6

0,00063346 0.00047500 0.00031673 0.00015836 0 Min :EIPE
AN: Copy of 2 PHASE PIPE tress
Total Deformation
Type: Total Deformation
Unit: m
TImEI1 — W_I i T T T

. . SV VV VY
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Mode HT Frequency [Hz]
35-50K THERMAL SHIELD T e
. _ 212 46,197
Type: Equivalent (von-Mises) Stress - Top/Bottom 3|3 48.023
Unit: Pa I 4 43.761
Type: Total Deformation Time: 1 315 49.44
Unit: m 6|6 51.008
Time: 1 3.12%e7 Max
0.0012273 Max E 2.7813e7 5 G
0.0010909 2.4337e7 BUMPERS NO SEPARATION
0.00005456 || 208607
0.0008182
0.00068183 . 1.7383e7
0.00054546 1.3907e7
0.0004091
0.00027273
0.00013637
0 Min

Type: Equivalent (von-Mises) Stress - Top/Bottom
Unit: Pa

Time: 1
Type: Total Deformation ime:

$‘nit: rr11 1.1006e8 Max
ime: 9.7831e7

0.0027316 Max 8.5602e7
0.0024281 7.3373e7
0.0021246 6.11
0.0018211 oy

0.0015176
0.001214
0.00091054
0.00060702
0.00030351
0 Min Z

T).rpe: Equivalent (von-Mises) Stress - Top/Bottom
Unit: Pa
Time: 1

Type: Total Deformation 1 5 G
UriE . 3.9708 7 Max
Time: 1

0.00078532 Max
0.00069806
0.0006108
0.00052355
0.00043629
0.00034903
0.00026177
0.00017452
8.7258e-5
0 Min
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VACUUM VESSEL

. Point Mass 2 E Stalndard Earth Gravity: 2.8066 my's’
Mass Magnitude: 4300, kg [B Point Mass 2
Location: 0,,0,,0. m [B) BOTTOM_MOUNT

Mode | F Frequency [Hz] |

11 37.979 |

0.00018823 Max 5 G % i ;::.)55 |

0.00016731 4|4 52.355 |

0.0001464 55 ?2-302 |

0.00012548 616 84,294 |
0.00010457

8.3656e-5

6.4742e-3 Type: Total Deformation
e Unit: m
Tirme: 1
0.00031718 Max
0.00047075 Max 0.00028193
0.00041845 3 G 000024669
000036614 0.00021145
0.00031383 0.00017621
0.00026153
0.00014007
0.00020022
0.00015632 0.00010573
0.00010461 7.0484e-5
5.2306e-5 3.5242e-5
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CRYOMODULE
5G

0.0040006 Max
0.0035561
0.0031116
0.00266 [
0.002222¢
0.0017781
0.0013335
0.00088903
0.00044452
0 Min

3G

0.00328 Max
0.0029156
0.0025511
0.0021867
i 0.0018222

4 0.0014578
0.0010933
0.00072889
0.00036444
0 Min
Type: Total Deformation
Unit: m

" 1.5G

0.0030176 Max )
0.0026823
0.002347

0.0020117
0.0016764
0.0013412
0.0010059
0.00067058
0.00033529
0 Min z
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CRYOMODULE
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CRYOMODULE

62.915

50,

40,

30.

20,

0.

357 9 17 20 23 26 29 32 35 38 41 44 47 59 62 65 63 71 74 77 B0 83 86 B9 92 95

Mode |[v° Frequenq.r[Hz]I Mode |[v Frequency [Hz] Mode [V Frequency[Hz] | 76 [76.  48.662
1| 17.427 26 |26. 32421 51 |51, 37923 77 _|77.  48.863
2 |2, 17.433 27 |27. 32712 52 |52, 38.195 78 |78,  48.987
3 |3 17.435 28 |28. 33163 53 |53. 38369 79 |79.  49.188
4 |4 17.882 29 |29, 33.218 54 |54, 38.8 80 |80, 49,472
5 |s. 20.751 30 |30. 33.735 55 |55 39.351 81 |81, 49.852
6 |6 22436 31 |31, 34,365 56 _|56. 39.451 82 |82, 50.568
7 |7 2327 32 |32. 34776 57 |57.  39.816 83 |83.  50.857
g g. ;:.ggza 33 [33. 35502 :g 58, 39.?75 84 |g4 51.566

i L 34 |31, 36638 59,  40.164 85 les.  s52.634
10 |10,  25.804 35 [35. 36774 60 |60.  40.52 —
AR Bl BEL 36 |86,  53.514
11 |11, 26.273 36 |36  36.893 61 |61.  41.012 o le7 53,599
12 (12, 26.403 37 |37. | 37.064 62 [62.  41.751 Fa&l 54'512
13 [13. 26741 38 [38. 3747 63 |63. 42038 == -
14 |14, 27.388 39 (39. 3747 64 |64, 4261 89 189. [55465
15 |15,  27.433 40 |40.  37.497 65 |65  43.273 50 190. 136561
16 |16.  27.464 41 |41, 37497 66 |66.  44.368 91 _|91.  57.03
17 |17, 27.749 42 |42, 37497 67 |67. 45.076 92 |92, 57.326
18 |18,  28.924 43 |43, 3749 68 |68.  45.757 93 |93. 57.686
19 [19. 29.413 44 |44, 3749 69 |69.  46.187 54 [94. 58.084
20 [20. 30.574 45 |45,  37.508 70 |70. 46.784 95 |95. 58.422
21 |21, 30616 46 |46,  37.524 71 7. aramm 96 [96. 58.571
22 |22, 30816 47 |47. |37.528 72 |72,  a7.317 97 |97 60,749
23 |23, [31.208 4s |48, 37533 73 |73.  ar921 98 |98,  61.006
24 |24, 31.405 49 |49, 37.538 74 |74, 48041 99 |99,  61.604
25 |25. 31.948 50 |50. 37.544 75 |75, 48,451 100 | 100, 62.915
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SUMMARY

« 650MHZ HB PCM transportation analysis (static structural,
modal) was performed for individual components, sub
assemblies and main assembly

* The results (ED0012420) of 650MHZ HB PCM design
analysis show no limitations from cryomodule transportation
objectives
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