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January8, 1992

To: Jim Strait, FNAL

From: Jim Kerby, FN JL
Subject: Write up of SSC5Omm’6poleCold MassStiffnessMeasurements

Enclosedfind awrite up of thebendingdeflectiontestsconductedon the
DCA31O cold mass. Pleaseenterit in theTS-SSCreportfile.

cc: Bob Churchill, GD
Michael Hiller, B&W



fl Fermi National Accelerator Laboratory
fl * 1 1_ TechnicalSupport I Engineering

.aa A’ ernuia, P.O. Box 500 - Batavia, illinois- 60510
FAX: 708 840-8036

December30, 1991
TS-SSC 92-008

TO: SSC 50mm File

FROM: Jim Kerby, Th/Engineering

SUBJECT: Stiffnessof Collider Dipole Cold Mass

The bendingstiffnessof an SSC 50mm ColliderDipole Cold Masshas
beendeterminedexperimentally. The deflectionof the DCA31O cold mass
dueto gravity while supportedat 3 pointshasbeenmeasured,andcompared
with predictionsfrom an ANSYS model in which the cold massstiffnessis
equal to a multiple of thecold massshellbendingstiffness. Best agreementis

- -- reachedwhen a cold massstifessequalto 1.5 timesthe shell stiffnessis
used. This is considerablyhigher than the factor of 1.25 commonlyusedfor
calculationof the40mm cold massstiffness.

MEASUREMENTS

The deflectionof thecold massDCA31O, without theend domesor
extensiontubes,was measured. The cold masswassupportedon theeast
rollover standin the IndustrialCenterBuilding, so the cold masscould be
easily rotatedandmeasurementstakenin four yoke split orientations,each90
degreesapart. In all, 5 datasetsweretaken: onewith thecold masssupported
by all five standsandtheyoke split in theverticalorientation,and four with
thecold masssupportedon threestandsandthecold massrotated90 degrees
betweeneachmeasurementresultingin 2 setseachof verticalandhorizontal
yoke split data. Eachsetconsistsof 11 datapoints,with onepoint aboveeach
of thestandlocations,onepoint midwaybetweeneachof the standlocations,

* andonepoint at eachend. The locationof the standsandthe surveypoints
areshownin figure 1. The dataarepresentedin Tables1 through3.

* A surveylaserwas usedto establisha referenceplane from which the
positionof the top outerdiameterof thecold masswas measured.The
locationof the cold massabovetheeasternmoststandZ = 47.13 incheswas
arbitrarily definedasthezeropoint. TableI lists thedatatakenfor the cold
masssupportedby thefive stands,with theyokesplit orientedvertically.
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TableI. Cold MassSupportedat Five Points
Z Position 5 Pt V LstSqrs 5 PtCorr

0.00 in 0.006 in * 0.001 in 0.005 in
47.13 0.000 0.000 0.000

110.38 -0.010 -0.001 -0.009
173.63 -0.002 -0.003 0.001
236.94 -0.010 -0.004 -0.006
300.25 -0.007 -0.005 -0.002
363.56 -0.009 -0.007 -0.003
426.88 -0.006 -0.008 0.002
490.19 -0.021 -0.009 -0.012
553.50 -0.011 -0.010 -0.001
600.63 -0.001 -0.011 0.010

To accountfor differencesbetweenthe laser referenceplaneand the
verticalpositionof thefive stands,a leastsquaresfit of thedataat thefive
standlocationswas done. This curvecolumn 3 of table1 was thenapplied
as a correctionto thedataset,resultingin thecorrectedmeasurementsshown
in column 4. The correctionadjuststhedatafor thedifferencebetweenthe
positionof the laserreferenceplaneand abestfit planethrough thepositions
of the rollover stands. This samecorrectionis also appliedto the remaining4
datasets,wherethe cold massis supportedon threestandsonly.

Table2 lists themeasurementsfor the cold masssagwhen theyoke
split is in theverticaldesignatedwith a ‘V’ in thedatatitles position. The
two raw datasetsarelisted in columns2 3PtVi and4 3Pt V2, with the
correcteddatadenotedby ‘c’ in theheadingsin columns3 3PtVIc
and5 3Pt V2c, respectively. Column6 is theaverageV Avg c of columns3
and5. Thedatain columns3 and5 are alsoshownin figure 2.

Table2. Vertical Yoke Split OrientationDeflections
ZPos 3PtV1 3PtVic 3PtV2 3PtV2c VAvgc

0.00 in 0.049 in 0.048 in 0.063 in 0.062in 0.055 in
47.13 -0.002 -0.002 -0.001 -0.001 -0.002

110.38 -0.082 -0.081 -0.091 -0.090 -0.085
173.63 -0.104 -0.101 -0.119 -0.116 -0.109
236.94 -0.061 -0.057 -0.067 -0.063 -0.060
300.25 -0.023 -0.018 -0.025 -0.020 -0.019
363.56 -0.073 -0.067 -0.072 -0.066 -0.066
426.88 -0.123 -0.115 -0.115 -0.107 -0.111
490.19 -0.104 -0.095 -0.086 -0.077 -0.086
553.50 -0.017 -0.007 -0.014 -0.004 -0.005
600.63 0.064 0.075 0.058 0.069 0.072
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Table3 and figure 3 showthedatafor thehorizontaldesignatedwith
an ‘H’ in theheadingsorientationof theyoke split in thesameformat as
usedin Table2. The averagesin both casesagreewell, althoughthedatafrom
the horizontalorientationis muchmorescatteredand unexpected,
particularlyat theeast0 inch end of themagnetin thesecondtrial. This
datawas repeatable,but remainsunexplained.

Table 3. Horizontal Yoke Split Deflections
ZPos 3PtHI 3PtHlc 3PtH2 3PtH2c HAvgc

0.00 in 0.102 in * 0.101 in -0.019 in -0.020 in 0.041 in
47.13 0.004 0.004 0.004 0.004 0.004

110.38 -0.121 -0.120 -0.045 -0.044 -0.082
173.63 -0.140 -0.137 -0.070 -0.067 -0.102
236.94 -0.078 -0.074 -0.044 -0.040 -0.057
300.25 -0.019 -0.014 -0.017 -0.012 -0.013
363.56 -0.061 -0.055 -0,084 -0.078 -0.066
426.88 -0.105 -0.097 -0.128 -0.120 -0.109
490.19 -0.080 -0.071 -0.098 -0.089 -0.080
553.50 -0.007 0.003 -0.008 0.002 0.003
600.63 0.028 0.039 0.080 0.091 * 0.065

Sincethedatashouldbe symmetricalabout the centerrollover stand,
Table4 andfigure 4 showsthehalf magnetaveragesfor both thevertical
1/2 V Ac andhorizontal1/2 H Ac yokesplits positions,andtheoverall
averagedeflection1/2 Avg of thecold mass,independentof theyoke split
orientation. Also indudedare the ANSYS predictionsfor bendingstiffnesses
equalto the cold massshell stiffnesstimes 1.6 and1.5. The 0.016 inch average
deflectionmeasuredat the centerstandis unexplained--simplecompression
of the standunderthe increasedload dueto the 2 standsbeingremoved
accountsfor only a maximumof 0.003 inches.

Table4. AverageDeflectionsandModel Predictions
ZPos 1/2VAc 1/2HAc 1/2 Avg ANSYS xl.6 ANSYS xl.5

0.00 in 0.064 in 0.053 in 0.058 in 0.063 in 0.067 in
47.13 -0.003 0.003 0.000 0.000 0.000

110.38 -0.086 -0.081 -0.083 -0.083 -0.088
173.63 -0.110 -0.106 -0.108 -0.102 -0.109
236.94 -0.063 -0.062 -0.062 -0.050 -0.054
300.25 -0.019 -0.013 -0.016 -0.003 -0.003

Theseresultswereusedto derivean equivalentcold massstiffness,
basedon a multiple of the skin bendingstiffness. For this, a smallANSYS
modelwas createdusing 3-D beamelements,whichproperlyrepresentthe
massanddimensionsof thecold mass. Predicteddeflections,asa function of
themultiple of theskin thickness,areshownin table4. Predictionsfor the
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casewhereamultiple of 1.5 times theskin thicknessis usedare alsoplotted
in figure 4.

Bestagreementbetweenthemodelandthemeasureddeflectionsis
seenwhen amultiplier of approximately1.5 is used. This is considerably
higher than thefactor of 1.25 typically usedwith theSSC 40mm dipole cold
mass,but in agreementwith thestiffnessmultiple usedfor LHC dipole cold
masses.

Unexplainedis the largedeflectionseenat thecenterrollover stand
when the cold masswas supportedby just threestands.A very simple
calculationof thecompressionof thebox beamunderincreasedloading
suggeststhis shouldhaveincreasedby only 0.003 inchesascomparedwith the
casewhereall five standsare used. However,this doesnot accountfor any
otherpiecesin the rollover standstructure.
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January29, 1992

TO: SSCSOmmFile

FROM: Jim Kerby, TS/Engineering7ó92

SUBJECT: Stiffnessof Collider Dipole Cold ass- Addendum

Mike RobbinsGD has correctly raisedquestionsaboutthemassof the
cold massusedin thestiffnesscalculations. I usedacold massweightof
11360kg 25000lb asspedfiedin the PIDS andreferencedin variousother
publications,while a simplecalculationgivesa valueof 10658kg 23500lb,
andriggers in the IndustrialCenterBuilding havebeenusing a valueof
between9524 - 9977kg 21000 - 22000lb. Obviously, theuncertaintyof this
value is ratherhigh the measurementby the riggerswas not precise.

Sincethe cold masswasmodeledasa simplebeam,thedeflection
scaleslinearly with themassor massper unit length,dependingon which
form of the equationyou happento beworking with. The areamomentis in
the denominatorof this sameequation. Thus, to keepthe deflections
constant,the ratio of themassto areamomentmultiplier 1.5-1.6in the
report shouldalsobe kept constant.

For example,if thecold massactuallyweighs22000lb, thecorrect
multiplier would be found by scalingby 22/25,giving a areamoment
multiplier of 1.3 - 1.4.

cc Bob Churchill, GD
Michael Hiller, B&W


