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An ANSYS modelhasbeenconstructedto predict the endcollet deflections,
and coil pole load decreases,for thepreload,cooldown,andexcitationload
casesfor the return end collet, usingvarious spacerandskin materials.
This note addressesthereturn endonly, leadendmodel resultswill be
reportedelsewhere. For an overviewof the designdecisionsinvolved, see
TS-SSC90-067,by JimStrait.

The finite elementmodelusesfrictionlessgapsbetweenall components,
andlinear materialproperties. The meshis shownin Figure 1, and
pertinentmaterialpropertiesin Table 1. Two different thermalcontraction
coefficientswereusedfor the radial directionof Azimuthal G-10,one
resultingin .006 in/in contractionto 4 °K andoneresultingin .010 in/in
contractionmeasurementssuggestthe larger contractionrateis more
accurate.Gap elementsare usedbetweenthe inner andoutercoils, the
coils and polepieces,thepole piecesandthe spacer,the spacerandthe
skin, and thespacerandthe line of symmetryat thehorizontalandvertical
axesrepresentedby bold lines on figure 1.. Symmetryboundarieswere
usedat thevertical axisof thepole piecesandtheskin, and thehorizontal
axis of theskin hashmarks. The coil preloadwasappliedby displacing
themidplanenodesof the inner coil 0.018" vertically, andtheoutercoil
0.016" arrows. For themodelwith an Azimuthal G-10 spacer,and
stainlesssteelskin the original design,theseresultedin coil preloadsof
10737and7865psi,respectivelycloseto thedesired10000and8000psi
desiredon the inner andouter coils. The displacementwas not changed
for the different spacerandskin materialcasesrun, so the initial preloadof
thecoils varies dependingon the stifihessof thespacerlskinsystem.

The model is 2-D only, andassumesa ST central field 5.5T peakduring
excitation. The model representsa portion of theendclampwherethe coil
hasexitedthemain collar/yokeassembly,buthasnot yetbegunthe 3-D
turn up andover thebeamtube. The modeldoesnotaccountfor thevarying
field in theendregion, nor the3 dimensionalsupportof thecoil asit turns.
The greenputty usedat thepolesto currently fix thesplicespatially is
assumedto notbe a structuralmember. The initial spacerto spacergapof



0.032" hasbeenincludedin the treatmentof the gapconductorsto ground
whichboundthe spacersegmentat theverticalandhorizontalplanes.

Resultshavebeentabulatedin Tables2 through7. Tables2 and3 present
thedeflectionsof the outer surfaceof theskin, andthe preloadon the inner
andouter coils at thepole, for eachof the load caseswheretheAzimuthal
G-10 spacerhasbeenreplacedby another,with all otherparameters
remainingunchanged.Deflectionsof DS0307and D50310both Azimuthal
G-10,DSO311TransverseG-10 underpreloadwarm, andF5 under
excitationare includedfor comparison,althoughexactagreementbetween
predictionsand measurementsis neither expectednor found. Results
showtheverticaldeflectionunderpreloadto be very similar for all models,
althoughthose with spacersof lower elasticmodulushigher compression
deflect lessin theverticalplanethanthoseusing stiffer spacermaterials.
The cooldowndeflectionsare a function of two things, thecontractionof the
skin material,andthepreloadlossof the coil. For a free standingstainless
steelskin of identical nominal dimension,the expectedcontractionof the
outerradiuswould be 9.38 mils radially. Vertical contractionsgreaterthan
this reflect a lossof coil preload,while contractionsless thanthis reflect an
increasein thecoil preloaddueto therelativecontractionsof theskin and
spacerandcoil materials.Finally, the excitationdeflectionsarevery
similar to thepreloadcase,wheretheload is resistedby the spacerand
skin stiffness,althoughin a differentdirection. Table3 presentsthepole
preloadlossesfor the samecases,which providesomecorroborationof the
effects. Thesenumberswere calculatedby summingthecompressiveload
betweenthecoil andpole piece,thendividing by the total areato give
averagestressvalues. However,it shouldbe notedthat for thecaseswhen
theaveragevalueof preloadhasdroppedbelow 3000psi,someportion of the
coil pole hasunloaded,andgenerallythereis no compressiveload across
the coil in the inner radiusregion. For theAzimuthal G-10 .010 case,this
meansthe coil hascompletelyunloadedafter cooldown.

Figure2 plots thedatafrom Table 3, with theexceptionof theAzimuthal
G 10 .010 case,whichwould showan initial value equalto theAzimuthal
G-10 .006 case,thendropto zero for both thecooldownandexcitationload
cases.

Tables4 and5 showdeflectionandpreloaddatafor a stycastspacer,with
eithera stainlesssteelor aluminum skin, of the samethickness.The
aluminum skin is much more compliant, resulting in higher preload
losses,but after cooldownthe coil preloadsarevery similar for both cases,
asthealuminumforcesthespacerto follow thecoil shrinkagebetterthan
the stainlessskin does. Both systems,however,provide only marginal
supportwhenexcitationloadsare included.

Finally, Tables6 and7 provideacomparisonof theuseof SSand aluminum
spacers,and85 and aluminum skins. The aluminumskin runs include
two thicknesses0.2625and0.5125", also. The increasedaluminumskin
thicknessproducespreloadsalmostashigh asthat for the stainlesssteel



skin, but produceshigher preloadsafter cooldown,when the aluminum
skin contractsat the samerateas thecoil. Deflectionslisted arefor the
outer radius of the skin, which for the thickenedaluminumskin has
increasedto a radiusof 3.375". The free standingcontractionfor the
stainlesssteel skin, aluminumskin and thickenedaluminumskin at the
outerradiusis then9.38mils,12.50 mils, and13.50mils, respectively.
Theseresultsagreewell with thepredictionsfor the return endof TS
SSC90-067.
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Table1. Mechanical

Coil/Wedges
Azimuthal G-10 Radial

Radial
Azimuthal

Stycast
TransverseG-10
StainlessSteel316
High Mn StainlessSteel
Aluminum

i o .t

Epsi czin/into4°K
1.5e6 .0040
2.0e6 .0100
2.0e6 .0060
4.1e6 .0020
1.1e6 .0053
4.1e6 .0020

28.0e6 .0030
29.0e6 .0017
10.0e6 .0040



Table2. Stainless SteelSkinwiVarvinil Snacers
End can deflections

Pjvlryyr.jd Horiz Vet
Azimuthal G-10 Spacer.010 -7.62 mils 11.25mils
Azimuthal G-10 Spacer.006 -7.62 11.25
StycastSpacer -7.96 10.77
TransverseG-10 Spacer -7.15 11.77
StainlessSteelSpacer -5.96 11.91
Hi Mn StainlessSteel Spacer -5.95 11.90
DS0307calipers,@1.5" -4. 5.
DSO31Ocalipers,@1.5" -8.75 7.75
DSO311calipers,@1.5" -6.00 13.75

Ccddown Horiz All Vet AV
Azimuthal G-10 Spacer.010 -17.54 -9.92 -3.52 -14.77
Azimuthal G-10 Spacer.006 -17.95 -10.33 -0.72 -11.97
StycastSpacer -17.74 -9.78 -0.42 -11.19
TransverseG-10 Spacer -16.35 -9.20 2.85 -8.92
StainlessSteelSpacer -15.59 -9.63 2.16 -9.75
Hi Mn StainlessSteelSpacer -14.66 -8.71 3.33 -8.57

Exctt ion Roth All Vet AV
Azimuthal G-10 Spacer.010 -2.71 14.83 -18.80 -15.28
Azimuthal G-10 Spacer.006 -4.99 12.96 -13.15 -12.43
StycastSpacer -3.62 14.12 -13.69 -13.27
TransverseG-10 Spacer -5.17 11.18 -7.67 -10.52
StainlessSteelSpacer -5.70 9.89 -7.63 -9.79
Hi Mn StainlessSteel Spacer -4.88 9.78 -6.29 -9.62
F5 to 6600A 5.1



Table4.StvcastSpacerwI StainlessandAluminumSkins
Endcandeflections

l¾knd Horiz Vet
StainlessSteelSkin -7.96 mils 10.77mils
Aluminum Skin -5.95 12.98

Ccddown Roth AU Vet
StainlessSteelSkin -17.74 -9.78 -0.42 -11.19
Aluminum Skin -19.36 -13.41 -0.12 -13.10

Exdtation Roth All Vat AV
StainlessSteelSkin -3.62 14.12 -13.69 -13.27
Aluminum Skin -3.12 16.24 -14.76 -14.64



Polepreloads

Inner Outer

Caildown Inner AT Outer AO
StainlessSteelSkin 5196 -4245 4739 -1900
Aluminum Skin 5189 -1721 4660 353

Table5. StvcastSnacerwI StainlessandAluminum Skins

StainlessSteelSkin 9441psi 6639psi
Aluminum Skin 6910 4307

Ettat ion
StainlessSteelSkin
Aluminum Skin

Inner
3034
2890

AT
-2162
-2299

Outer
4226
4010

-513
50



Table6. StainlessandAluminum SnacersandSkin
Endcandeflections

Preknd Roth Vet
SSspacer/ SSskin -5.96 mils 11.91mils
Alum spacerI SSskin -6.52 11.94
SS spacer/ Alum skin -4.11 14.38
Alum spacer!Alum skin 4.42 14.27
SSspacer/ Alum skin 2x -3.63 11.24
Alum spacer/ Alum skin 2x 4.03 11.24

Ccddown Roth AU Vert AV
SSspacer/SS skin -15.59 -9.63 2.16 -9.75
Alum spacer!SS skin -16.67 -10.15 1.33 -10.61
SS spacer/ Alum skin -15.86 -11.75 3.68 -10.70
Alum spacer/ Alum skin -17.17 -12.75 2.41 -11.86
SSspacer/ Alum skin 2x -16.49 -12.86 -0.94 -12.18
Alum spacer/ Alum skin 2x -17.74 -13.71 -1.75 -12.99

Excitation Roth AR Vet AV
SSspacer/ SSskin -5.70 9.89 -7.63 -9.79
Alum spacer!SSskin -6.05 10.62 -9.01 -10.34
SS spacer/ Alum skin -3.93 11.93 -7.85 -11.53
Alum spacer/ Alum skin -4.51 12.66 -9.59 -12.00
SS spacer/ Alum skin 2x -7.98 8.51 -9.25 -8.31
Alum spacer!Alum skin 2x -8.65 9.09 -10.51 -8.76



Table7. StainlessandAluminum SpacersandSkin
Polepreloads

PMwd
SSspacer! SSskin
Alum spacer/ SS skin
SS spacerI Alum skin
Alum spacerI Alum skin
SS spacer/ Mum skin 2x
Alum spacer/ Alum skin 2x

Inner
12768psi
12444
8302
8184

10975
10744

Outer
9869psi
9520
5683
5553
8323
8075

Caidown Inner AT Outer AC
SSspacer/SS skin 10355 -2413 9648 -221
Alum spacer/ SS skin 8757 -3687 8118 -1402
SS spacer/ Alum skin 8302 0 7658 1975
Alum spacer/ Alum skin 7362 -822 6751 1198
SS spacer/ Alum skin2x 11367 392 10685 2362
Alum spacer! Alum skin 2x 10006 -738 9368 1293

Excitation
SSspacer/SS skin
Alum spacer/ SS skin
SS spacer/ Alum skin
Alum spacer/ Alum skin
SSspacer/ Alum skin2x
Alum spacer/ Alum skin 2x

Inner
7711
6118
5495
4658
8698
7276

AT
-2644
-2639
-2807
-2704
-2669
-2730

Outer
9174
7676
7060
6149

10064
8773

AO
474
442
-598
-602
-621
-595
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