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ABSTRACT

This report presents calculation made by Sigmaphi on dipole SHMS suspension links.

Conclusion: the Von Mises stress in suspension links is acceptable.
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Suspension links geometry

152.03

463 53.80 / Ball joint in 304L

7130

COUPE A-A 11.93
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Cad files: 317111-JLAB-706-001 Rev G !
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Material — for all simulations-

Stainless steel 304 L

[Density 7900 Kg/m3]
$5 304 S5 304
DL/L*1045 units” GPa units: GPa
a -2.96E+02 2.10E+02 2.10E+02 Equation of the form
b -3.98E-01 1.22E-01 1.53E-01 y=a+bT+cT +dT *+eT* T2Tlow(23°K)
c 9.27E-03 -1.15E-02 -1.62E-03 y=f T<Tlow(23°K)
d -2.03E-05 3.61E-04 5.12E-06 Finfevnas for s maaral Sl Craamanios ot aoy
e 1.71E-08 -3.02E-06 -6.15E-09 Equation of the form - Integrated coefficient
T 23 5-57 57-300 ay/aT =b +2.0T +3.d7° + d.eT° T>Tlow(23°K)
dy/dT=0 T<Tlow(23°K)
5.00E-04
0.00E400 1.80E-05
1.60E-05
5 -5.00E-04 40505
?, -1.00E-03 § 1.206-05
§ -1.50E-03 §-{ 1.00E-05 =
E 3 00E02 : 8.00E-06
£ £ 6.00E06
-2.50E-03 = L0008
-3.00E-03 2.00E-06
3.50E-02 0.00E+00
0 50 100 150 200 250 300 350 50 100 150 200 250 300 350
Integrated Linear expansion of 55304L Temperature (K) expansion coefficient of S5 304L Temperature (k)
2.16E+11
2.14E+11
2.12E+11
§ 2100m
8 2.08E411
:E!. 2.06E+11
E 2.08E+11
7 20me
2.00E+11
1.98E+11
50 100 150 200 250 300 350
Young Modulus 55 304 Temperature (K)

*Nist cryogenics
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Material — for all simulations-

*Nitronic 50

1
21325 frerey — Module dp Young =—p= B 21E+11 . B421E+11 8.0153E+10
= 3 | 2715 2IE+1L 0.31 1.8421E+11 8.0153E+10
£ 4 | -265.15 2E+11 0.31 1.8421E+11 8.0153E+10
'é‘ et 5 -263.15 2.1E+11 0.31 1.8421E+11 8.0153E+10
= 20825 e 6 | 26115 2E+1L 0.31 1.8421E +11 8.0153E+10
g "\“\”\ 7 | 2015 2AE+1L 0.3t 1.8421E+11 8.0153E+10
% 8 -257.15 2.1E+11 0.31 1.8421E+11 8.0153E+10
T "\~\ 9 | -255.15 ZAE+1L 0.31 1.8421E+11 8.0153E+10
B 0 | -253.15 ZAE+1L 0.31 18421 +11 8.0153E+10
s h\'“\ 1 | 24915 2IE+1L 0.31 1.8421E+11 8.0153E+10
'\*-L 12 | 24515 2E+11 0.31 1.8421E+11 8.0153E+10
18825 13 | -241.15 2.11E+11 0.31 1.8509E+11 8.0534E+10
250 200 150 oo =0 o 14 | -237.15 2,11E+11 0.31 1.8509E-+11 8.0534E+10
Température [C] 15 | -233.15 212E+11 031 1.8596E+11 8.0915E+10
tion thermique + 0 x 16 -229.15 212E+11 0.31 1.8596E+11 8.0916E+10
17 | 22515 213+ 0.31 1.8684E+11 8.1298E+10

15

ienf deglilaga thiph, 18 -221.15 2 14E+11 0.31 1.8772E+11 8.1679E+10
19 -216.15 2 19E+11 0.31 L8772E+11 8.1679E+10

20 -213.15 2 14E+11 0.31 1.8772E+11 8.1679E+10

bl -209.15 2. 14E+11 0.31 1.B8772E+11 8.1679E+10
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*DBPM software and nist cryogenics
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Material — for all simulations

*TI-6Al-4V (UNS R56400)

11

=

dule de Young s

()

Module de Young (:10%) [Pa]

0.6

400 500
Température [C]

600

0.9

0.8

o7

0.6

Coefficient de dilatation thermique (.10-% [C™

4.45
a4
143
142
441
44
439
438
4.27
436
4.35
4.34

Masse volumigue (,10% [kg m™-3]

4.33

sz

-200 -1l00

200 200
Tempeérature [C]

400

1
c dedily oyl 2 L1526 +11 0,40365 1929 1E+11 39725410
JUPBORTTSL Ll 3 | 2823 1.1097E+11 0.40364 191946 +11 3.9500E+10
PRy el 4 | 29173 110426411 0.40363 1.9096E+11 3,933 +10
5 | 3009 L0987E+11 0.40362 1.8999E 411 3.9138E+10
6 | 310.45 1.0832E+11 0.40361 1.8902E+11 3,894 +10
e 7 | 3wa 1.0877E+11 0.40359 1.8804E-+11 3.8748E+10
,1““ 3 | 39.18 108226411 0.40358 LB70ZEHLL 3,855 +10
/ 5 | 3355 LO767E+11 0.40357 L8BIE+1L 3.8357E+10
| 34781 107126411 0.40356 1.8513E+11 3.3161E+10
,('{ n | 35727 1.0857E+11 0.40355 184165411 3.7966E +10
12 | 366.64 108026411 0.40354 1.831BE+11 3.777E+10
13 | 3% LOS47E+11 0.40352 1.8221E 411 3,757 +10
14 | 385.36 104826411 0.40351 18124411 3,737 +10
15 | 39473 1.0438E-+11 0.4035 1.8027E+11 3.718%+10
200 -100 100 200 300 400 500 500 700 16 | 40409 103836411 0.40349 1793E+11 3.6988E +10
Température [C] 17 | 413,45 10328E+11 0.40348 L7833 +11 3.6793E+10

*DBPM software and nist cryogenics
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mesh —Thermal study and static study-

900.00 (mm)
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mesh —static study- 304L support

0.00 50.00 100.00 {mm)
T—( ]

25.00 75.00
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Loading —Thermal study-

900.00 {mm)
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B: Thermique stationnaire
Température

Type: Température

Unité: K

Temps: 1

26/12/2014 11:10

295.17 Max
262.82
230,46
198,11
165.76
133.41
101.06
68.704
36,352
4 Min

900.00 {rmm)
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Boundary condition — Static study-

1000.00 {ram)

250,00 750,00
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Boundary condition — Static study-304L support

100.00 ()
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Loading — Static study-

SIGMAPHI REFERENCE: 317111

ANSYS CALCULATIONS REPORT DESIGNATION : HELIUM VESSEL
Revision: H CUSTOMER. : JLAB

0.00 200.00 400.00 (mm)
I a0

100.00 300,00

14



<=/ Ansys model

SIMAPH]

MAGNETS AND BEAM TRANSFORT

SIGMAPHI REFERENCE: 317111
ANSYS CALCULATIONS REPORT DESIGNATION : HELIUM VESSEL
Revision: H CUSTOMER : JLAB

] ] 100,00 {rarm)
I a0
25.00 75.00
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Loading —Static study-

250.00 750.00

Import from the thermal study
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Nitronic 50 part 316.5 MPa 345 MPa
Titanium Ti-6AL-4V Part 439 MPa 448 MPa

356 MPa < Rp0.2% =517 MPa
308.1 MPa after linearization

168 MPa < Rp0.2% =172 MPa
84 MPa after linearization

Nitronic 50 axis 345 MPa

304 L Ball joint 115 MPa

The Yield Strength of these three materials comes from ASME Il Part D version 2010.
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Displacement —static study-

1000.00 {mm) 1000.00 (mm)

0.00 500.00 1000.00 {mm.
I S

0.00 500.00 1000.00 (mm) 250.00 750,00
S ee—— : ;

250,00 750,00
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Nitronic 50 Part -Von mises stress —Static study-

0.00 50.00 100.00 (rmrn)
I .

25,00 75.00
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Titanium Part Ti- 6Al- 4v -Von mises stress —Static study-

0.00 100.00 200.00 {mm)
I 2 ..

50,00 150.00
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Nitronic 50 Axis -Von mises stress —Static study-

0.00 50.00 100.00 {mm)
I ..

25.00 75.00
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Nitronic 50 Axis —Linearized equivalent stress —Static study

Longueur [mm] |[¥ Membrane [MPa] [ Flexien [MPaJ.JZg;Sb.annnuian [MPa] |[[~ Pointe [MPa] [[¥ Total [MPa]
. 67.476 24129 [ @ELLE) 58.027 355.78
058349 67476 23124 .-l 48.374 33578
1167 67.476 22118 28799 39.04 315.79
17505 67.476 Mma3 27794 31164 2972
2334 67.476 201.08 26189 24.786 28046
29175 67.476 191.02 25785 19.003 2639
3501 67.476 18097 2478 14.605 248.45
4.0844 67476 17091 23176 11.844 2336
46679 67.476 160.86 2172 11.066 21954
5.2514 67476 150,81 21767 11.075 207.42
58349 67476 14075 20763 1235 19532
64184 67476 1307 1976 14332 18355
7.0019 67476 120,65 187.56 16307 17257
7.5854 67476 110.59 177.52 17.784 16254
81689 67476 100.54 16749 19.228 1529
87524 67.476 90484 15746 20.581 14377
93359 67.476 8043 14743 22187 13475
99194 67.476 70376 1374 23452 126.16
10.503 67.476 60323 12738 24.29 118.08
11086 67.476 50269 11737 25097 11031
1167 67.476 40215 10736 25418 10267
12253 67.476 30161 97,366 25.808 95172
12837 67.476 20108 87382 25.784 87.747
1342 67.476 10054 71416 25021 80.067
14004 67.476 2.3912e-013 67476 2396 72326
14.587 67.476 10.054 57576 23105 64.799
15171 67.476 20108 4774 2229 57373
15754 67.476 30161 38.019 20116 49.09
16.338 67.476 40215 28528 17.782 4092
16921 67.476 50269 19.607 15.631 33127
17.505 67476 60323 12537 125 24815
18.088 67.476 70376 11493 95809 18.22
18672 67476 8043 17583 7077 16427
19.255 67476 90.484 26237 7.2186 20498
19.839 67476 100.54 35633 83277 28345
20422 67476 110.59 45313 10.769 37.706
250, |
& 200, |
=
= 150. -
100, |
1149 T T X ‘M T
0 4 12, 18, 20, 24, 28.01
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Support 304L-Von mises stress —Static study-

0.00 50.00 100,00 (mm)

25.00 75.00
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Support 304L-Von mises stress —Static study-

100.00 (rmrm)

25.00 75.00

Géométrieé Apercu avant impression A Apercu du ragmn/

167.72

125. -
100. |
75.
50,

[MPa]

49185 T T T
0

M | Dannées tahulaires. Granhi

48453

Longueur [mm] [[¥" Membrane [MPa] |[~ Flexion [M] ne+Flexion [MPa] [ Pointe [MPa] [[# Total [MPa]
0. 26531 57,841 86.554 16772
10094 26531 55431 68143 14705
20189 26531 53,021 79017 49977 1265
3.0283 26531 50611 765616 32474 10615
40378 26531 82 74215 17717 86145
50472 26531 4579 71814 11863 79761
6.0566 26.531 4338 69.414 83315 74639
7.0661 26.531 4097 67.015 60382 69931
8.0755 26.531 38.56 64617 61008 65327
9.085 26.531 3615 62219 70467 6023
10094 26531 B 823 9189% 54682
11104 26531 3133 57427 11845 49459
12113 26531 892 55033 14372 44765
13123 26531 2651 52641 1677 40208
14132 26531 1 5025 18918 36043
15142 26531 2169 47861 20352 3259
16151 26531 19.28 45474 21.567 2924
18 [17.16 26531 1687 4309 22836 25992
19 |1817 26.531 14.46 40709 23541 23452
20 |19.179 26.531 1205 38331 23755 21673
21 |20189 26.531 9.6401 35958 23928 20042
122 | 21198 26.531 7.2301 33259 23.869 18319
123 |22.208 26.531 4.82 31.228 22991 17.096
4|BA7 26531 241 28875 2218 16557
25 | 24.227 26531 16131e-015 26531 21862 16793
26 25236 26531 241 24201 20432 15613
27 | 26.245 26531 482 1888 18617 13747
28 |27.255 26531 7.2301 19598 17154 12629
29 |28.264 26531 96401 17342 15652 10864
30 |20278 26531 1205 15132 13843 87133
131 30283 26531 1446 12994 12388 69304
32 |31.293 26.531 16.87 10969 10.827 6.078
33 32302 26.531 19.28 91325 92234 5.6033
34 33311 26.531 2169 76231 73661 5.598
35 34321 26.531 241 6.6662 6.7055 5.883
36 |35.33 26.531 26.51 6.5101 53715 5716
373634 26531 892 7.2069 49081 55828
38 (37349 26531 3133 85508 55725 55967
139 38.359 26531 B 10291 70326 58811
40 |39.368 26531 3615 1226 87353 5.8561
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