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Strong back

 Aluminum 6061 T6

A i N A i 1
1\/2 3 4 5 6

Adjust Support
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Adjust Supports

g Back Flat (18-8 SS)
acuum Vessel (ASTM A516 Steel Gr70)

STM A193 B7)

S)

Support Post
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Support Post
35-‘50K intercept

5K intercept Support for dressed
cavity

35-50K Disk (AL 6061)
2K Disk (SS 316L)

Tube, 200mm OD, 194 ID (G11
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String Assembly
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Coupler, Tuner (CAD)

Coupler

Couler Bellows

Ceramic Window
Coupler Support

Tuner
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Coupler, Tuner (FEM)

Needle Support
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Thermal Shield

 Aluminum 1100
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ASTM A516 Steel, Grade 70; OD=1219.2mm;
ID=1193.8mm

Vacuum Vessel

Extension

Port \

Cryogenic Port _.

Vessel Support 2

Vessel Support 1
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Results
Static Structural

Max Equivalent Stress
Axial 5G, |Transvers 1.5G, |Vertical |Tensile Strength,
MPa Mpa 3G, Mpa |Mpa

Vessel ASTM A516 Steel Gr70 144 182 144 260
Thermal Shield Aluminum 1100 38 30 45 150
2Phase Pipe 31655 184 108 163 210
Strong Back Aluminum 6061 T6 27 23 13 255
2535 (crosswise)
Support Post G-11 29 34 12 296(lengthwise)
151(shear strength)
Adjust Support | ASTM A193 B7/ 18-8 55 140 128 49 210

[A] Standard Earth Gravity: 9.5066 mfs?
. Fixed Support
[B] Fixed Support 2

\Vertical 3g
Transvers 1.5

» ®
Axial 5g
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Modal

Mode

Frequency [Hz]

11.317

12.934

18.229

20.626

21.136

21,305

22.649

23.426

O 00 | =) | (LA s o (R |

24.907
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D: Yertical 3g
Tatal Deformation
Type: Total Deformation

Total Deformation (Vertical 3G) I

* Max 3.3mm at CryoPort thermal shield [

— 0.0022574
I 0,0018811
0.0015049

— 0.0011287

0.00075245

0,00037623

0 Min

5,265l 0k g 1.08176-003 4 003 [1.2982e-003 3
T oozie 005 L2 245003

1.6776e-003 3
£.9674e-004 5 7.519e-004 2 1.2602-003 3 1.2473e-003 2 1.59455-003 ¢ 1.5141e-003 4

0.003386 Max 0.0026336 0.0015311 00011237 0.00037623
0.0030095 0.0022574 0.0015049 0.00075245 0 Min
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Equivalent Stress (Vertical 3G)

Type: Equivalent (von-Mises) Stress

Unit: Pa
Time: 1
I 4.0638e8 Max

3612328
— 3.1607=8

6 S406e-+005 8

] 270eee8 1,2475e+007 9

2257788
I 1 6390005 3

1.8061e8

1,1078e+007 33 I
| 1.354es _
Equivalent Stress 3
e Tv|_:ne. Equivalent (won-Mises) Stress
3.1501e+006 9 Unit: Pa h

4.5154e7 7.5269e+005 | Tirne: 1

30.856 Min 4.06356e8 Max
361268
— 3.1613e8
— Z.7101ed
2.2585:8

1.807%e8

1 1.3563ed

g.5622e+007 &

9.0504e7

9.131e+007 2

4.5378e7

2.5286e5 Min
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Equivalent Stress (Vertical 3G)

Vessel

1.4476ed Max 1.1262ed g.0476e7 4.6332e7 1.6189%7
123695 9.6547e7 6.4404e7 3. 226e7 1.1692e5 Min

Thermal Shield

4.3544e7 Max 3.387e7 2.4198e7 1.4521e7 4.5347eh
3.8707e7 2.9033e7 1,9359e7 9.6542e6 9808.5 Min

2Phase Pipe
e —————— ) ———————————— — ———— ]

1.6367ed Max 1.273e8 9.0927e7 5.45560e7 1.818%e7
1.4548e8 1.0911e5 7.2741e7 3.6371e7 54.742 Min

2= Fermilab
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Equivalent Stress (Vertical 3G)
Strong Back

1.3683e7 Max 1.0644e7 7.605%:6 4.5674e6 1.5258e6
1.2164e7 9, 125286 6.0357eb J.04E1ed 9552.5 Min

Support Post

| | [ [
1.435e6
2.8230e6

1.2546e7 Max 9,767 %6 6.9905e6 4.2126e6
1.1157e7 §.3791eb 5.6014e6

4.9085e7 Max 3.8192e7 2.72997 1.6406e7 5.5132e6 I

H m | m 1 m " .
Adjust Support
i

g i i i i

4,3030e7 3.2745e7 2,1853e7 1.095e7 b6724 Min
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Bellows(Vertical 3G)

Type: Total Deformation CO U p I e r BEI IOW Type: Equivalent (van-Mises) Stress
nit: m Lnit: Pa
Timne: 1 Tirne: 1
g 00017523 Man J 26527enMax
0.0015863 2,358568

| 0.0014202 L 2.0643e8 __
00012542 1778 =
i m

' '
- 0.00075604 L &.5731e7 :

0.00055999
I 0.00042394

5.9303e7
I Z.9584e7
0.00025789 Min 4.6038e5 Min

Beam Pipe Bellows

Type: Total Deformation Type: Equivalent {von-Mises) Stress
Unit: m Unit: Pa
Time: 1 Time: 1
0.0012499 Max . 4.0638e8 Max
0.0011559 3.6126e3
— 0.0010619 — 3.1613e8
—{ 0.00096791 5.501-004 NN — 2.7101e8 1
000087391 , ‘ B f.zgggzz
— 0.0007799 ;
— 0.0006859 — 1.3563e8
0.00059189 9.0504e7
I 0.00049789 4.5378e7
0.00040388 Min 2.5286e5 Min

2% Fermilab
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Total Deformation(Transvers1.5G}:

. ..~

« Max 5.4mm at top of extension -
port o
l...

1 0.0018021

0.0012014
I 0.00060071
0 Min

24081 e-003 2.5315e-003 2.5431e-003 2 2.5298-03 2.6501e-003 l 2.5357e-003
| I | | |
1.92482-003 ¥ 2 3655e-003 3 2,6095e-005 § 2.8213e-003 & 2.3887e-003 1.947e-003 3

0.0054064 Max 0.004205 0.0030036 0.0012021 0.000&0071
0.0048057 0.0036043 00024025 0.0012014 0 Min

s I W DN EEIGARS
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Equivalent Stress (Transvers1.5G)

Equivalent Stress

Type: Equivalent {won-Mises) Stress
urit: Pa

Time: 1

2.901e8 Max
Equivalent Stress I 2.5786e6
Type: Equivalent (von-Mises) Stress
Unit: Pa
Time: 1

— 2.2563e5

— 1.934ed

[izerios g

2.901e8 Max 6117
1,2893e8

2,578628

— 266997

1.1193e+006 g

6.446687

— Z.2563ed
3.223367

— 1.934ed

9.2128 Min

FEM

1.6117ed

1.2393e3

9.6699e7

1.1939e+006 o

6446687

5,435%e+006 d

3.2233e7

3, 45839 +006 d

9.2128 Min
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Equivalent Stress (Transvers1.5G)
Vessel

1.8222e8 Max 1.4174e8 1.0127ed 6.0796e7 2.0323e7
1.6193e5 1.2151e8 g, 1033e7 4.0559e7 86183 Min

Thermal Shield

3.0437eT Max £,3674e7 1.6912e7 1.0149e7 3.3066e6
Z,7056e7 202937 1.3531e7 6, 78796 2271.5 Min

2Phase Pipe

1.0824e8 Max g.4183e7 6.0131e7 3.6078e7 1.2026e7
9.620% 7 7.2157e7 4.56104e7 2.4052e7 52.317 Min

2% Fermilab
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Equivalent Stress (Transvers1.5G)
Strong Back

1.88621e?
1.5967e7

2.393e7 Man
212767

Support Post

1.3313e7

§.005e6

1.08597 5.35096

3.4496e7 Max 268437 1.919e7 1.1537e7 3.5843e6
3.067e7 230177 1.5364e7 7.7108e6

57844 Min

Adjust Support

By i i i

1.2876e8 Max 1.0016e8 7.1562e7 4. 2963e7 1.4363e7

1.1446e5 §.58602e7 5.7263e7 2.5663e7 63527 Min

2.6965e0

42663 Min
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Bellows(Transvers1.5G)

Type: Equivalent (von-Mises) Stress

Type: Total Deformation CO u p I er BEI IOW U,mt: Fa

Unit: m Time: 1

Time: 1

10/22/2018 8:16 PM . 5.0605e7 Max

4.499e7
0.0025741 Max — 3.9376e7
0.0024596 — 3.3761e7
0.0023451 m 2.8147e7
0.0022306 2.2532e7
0.0021162 1.6917e7
0.0020017 1.1303e7
0.0018872 I 5.688e6
0.0017727 73387 Min
0.0016582
0.0015437 Min
C End Bellaws Equivalent Stress &

Type: Equivalent {von-Mises) Stress
Unit: Pa
Time: 1

Type: Taotal Deformation
IJnit: m
Time: 1

. 0.0017087 Max . 2.0537ed Max

0.0016505 1.8256e8

— 0.00159:24 — 1.5976ed

— 0.0015342 — 1.3695e5
0.001476 . 1.1414e8
0.0014178 ,1333e7

— 0.00135%7 — 6.3525e7
0.0013015 4.5717e7
0.00124353 I 2,290%9e7
0.001185Z Min 1.0093e5 Min

2% Fermilab
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F: Axial 59

Total Deformation
Type: Total Deformation
unit: m

Time: 1

I 0.0038661 Max
0.0034365

—{ 0.003007

Total Deformation (Axial 5G)

e Max 3.8mm at end bellow

—{ 0.0025774
I 0.0021478
0.0017183

1 0.0012857

0.00085914

000042957 ]

0 Min

6. 3%4e-004 l 7. 3403e-004 7. 3a7Ee-004
' 4757e-004 3 7.16658-004 2 7.1421e-004 % l 1
2.56572-003 2,30742-003 3 2.286e-003 7 2.4539-003 3 2.2895e-003 3 2.5412e-003 3

i ' ‘ ‘ ‘ ‘ \ T 3 A | =T A ,. ). J. wesl ) 1. i.,!l. [-.-1..3::.:;

0.0038661 Max 0.003007 00021475 0.0012837 0.00042957
0.0034365 0.0025774 0.0017183 0.00055914 0 Min

3= Fermilab
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Equivalent Stress (Axial 5G)

6.1945e8 Max

5.50062ed

+4.8179%8

4,1297:8
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa
Time: 1

3.4414ed

6.1945e8 Max 2,7531ed

Ledietine 3
AR 7.21952+005 ]
— 4.81798
¥
— 4.1297e8 2.1284e+006 T
3.4414e8

[} 2.7531e8

— 2.0648ed 1.552e+006 A

5.018%9e+005 J

1.3766e8

1.2552e+007 U
6.8828e7
59.631 Min
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Equivalent Stress (Axial 5G)

Vesse|

1.4386e8 Max 1.1195 F.9957e7 4,797 37 1.600%e7
1.Z7563ed 9,5919e7 6, 3935e7 3.1991e7 27105 Mi

Thermal Shield

3.8306e7T Max 2.9795e7 2128367 1.2771e7 4,259e6
J.405e7 £.5539e7 1.7027e7 g.515e6 3125.4 Min

2Phase Pipe

1.6453e8 Max 1.4352e8 1.0251ed 6.1509e7 Z2.0503e7
1.6402ed 1.2302e5 g.2012e7 4, 1006e7 437.85 Min

2% Fermilab
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Equivalent Stress (Axial 5G)
Strong Back

2.7458eT Max 2.138e7 1.5263e7 9. 166:6 3.0685e6
Z.440%7 1.8312e7 1.2215e7 B.1174e6 20227 Min

Support Post

A B m @3 m m Ty H @ =m =
I N R

2.9488e7 Max Z.2961e7 1.6434e7 9,9065e6 3379386
2622587 1.9697&7 1.317e7 6. 642986 1.1567e5 Min

Adjust Support

i i i I i S e
| ] |

1.405e8 Max 1.093e8 F.5107e7 4.6912e7 1.5717e7
1.24%5 9,3704e7 6. 250%:7 3.1315e7 1.1958e5 Min

2% Fermilab
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Bellows(Axial 5G)

Type: Total Deformation
Unik: m
Time: 1

. 0.0011819 Max

0.00109:24

— 0.001003

— 0.00091357
0.00052413

. 0.0007 3469

— 0.000&4525
0.00055552

I 0.00046635

0.00037694 Min

0 End Bellows

Type: Total Deformation
Inik: m

Time: 1

. 0.0038661 Max

0,0034741

— 0.00305821

— 0.002&5901
0,0022951

. 0,001 906

— 0.001514

0.0011:2
I 0,000729399
0.00033797 Min

38888 ]

3.1816e-003

N

Coupler Bellow

Beam Pipe Bellows

Equivalent Stress 3
Type: Equivalent (von-Mises) Stress
Jnit: Pa

Timne: 1

6.1945e8 Max

5.5065ed
4.8191e8
4,1314ed
3.4437ed
Z.,796ed
2.0652e8
1.3805e5

6, 92837
5.1165e5 Min

Type: Equivalent {von-Mises) Stress

LInik:
Tirne:

£.89256e+005 |

1
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Pa
1

1.3117e8 Max

1.1661e8
1.0205e8
g.7491e?
F.2933e7
9.8375e7
4.3816e7
2,9258e7
1.47e7

1.4116e5 Min

2% Fermilab



Mode 1 [11.317Hz]

B: Modal

Total Deformation

Type: Total Deformation
Frequency: 11.317 Hz
Unit: m

0.027385 Max

0.024342

0.021299

— 0.018256

m 0.015214

0.012171

0.0091282

0 Min

2% Fermilab
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Mode 2 [12.934HZz]

B: Modal

Total Deformation 2
Type: Total Deformation
Frequency: 12,934 Hz
Unit: m

0.43113 Max

0.38323

0.33533

=1 0.28742

gl 0.23952

0.19161

0.14371

= 0.095807

o 0.047904

0 Min

2% Fermilab
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Mode 3 [18.229HZ]

B: Modal

Total Deformation 3
Type: Total Deformation
Frequency: 18.229 Hz
Unit: m

0.094276 Max

2% Fermilab
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Mode 4 [20.626Hz]

B: Modal

Total Deformation 4
Type: Total Deformation
Frequency: 20.626 Hz
Unit: m

0.18539 Max
0.16479
0.14419
0.12359
0.10299
0.08239%

0.061797

0.041198

0.020599

0 Min
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Summary

« Transportation analysis performed with similar boundary
conditions as that of ESS transport analysis

* First CM design iteration results show no limitations with the
strong-back design

« Deformations of strong-back design is similar to that of
space-frame

* Analysis has identified some features to be modified to damp
lower frequency response

— CM design has already begun incorporating these
Improvements

2% Fermilab
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