
Comparisonof Room Temperature
EndCanDeflectionDatafor

40 mm ApertureSSCim Dipole Magnets

TS-SSC 90- 103
S.W. Deichamps

December8, 1990

For sometime we havebeenstudyingtheproblemof how bestto achievea reasonable
prestressatthemagnetends. We haveconsideredvariousendcanmaterialsandendinsulator
materials. All but oneof the 1 m 40 mm aperturemagnetsso far havebeenconstructedusing
the standard0-10insulatormaterial"azimuthal 010 and stainlesssteelendcans,andwe
havekeptdataon thedeflectionof theendcansduring instalationat both the leadandnon-lead
ends.

Onemagnet,DSO311,wasequippedatthenon-leadendwith insulatorsmadefrom 010 50
that thefiber planeswereperpendicularto themagnetaxis "transverse010". Thebehavior
of this end clamp was comparedwith the conventionalclamp of DSO31O in the memo
TS-SSC 90-064.

To supplementour experimentalstudies,finite elementanalyseshave beenmadefor
variousendcanandinsulatormaterials.Themostcomprehensivenoteon this so far hasbeen
TS-SSC 90-085.

In this report,I will compareexperimentaldataandfinite elementanalysispredictionsfor
magnetsDS0308 - DS0313. DS0312is not includedin this series,as it hasneverhad end
clampsinstalled.

We haverecordedthree typesof datasofar on room temperatureend candeflections.
Theseare: 1 calipermeasurementsof the candiameterbeforeandafterinstallation,2 strain
gagereadingsonly on DSO31O,311, and 313, and 3 "pi-tape" measurementsof thecan
diameterbeforeandafter installationonly on 313.

Thecalipermeasurementsaremadeat thehorizontalmidplane,theverticalmidplane,andat
45 degreesto eitherside of thevertical midplane. Table1 andTable2 summarizethese
measurements.The 0.5", 1.5", and 2.5" column headingsgive the axial position of the
measurement,relative to the end of the collars. 0.5" is closestto the collars. The four
numberscorrespondto thechangein diameterpositive or negativein mils whenthecanis
installedon the magnetat the horizontal,vertical,45 degreesand 135degreesposition.

With theexceptionofDS0308,atrend seemsto develop,with both the leadandnon-lead
endcansdeflectinginward at thehorizontalmidplane,andoutwardat theverticalmidplane.

DSO311 looks anamalousat first, but thereis strong reasonto believethat the rawdata
sheetin thetravellerwasfilled out wrong, so that thenegativedeflectionswill all be at the
horizontalmidplane. The numbersfor D30311are therforeitalicized and set in bold type.
Note however,that this doesnot explain thepositive pairs of numbersat the 0.5" and2.5"
leadendpositions.

Theplaceswherenumbersaremissingfor DSO31O,311, and313 show wherethe strain
gagesmountedon thenon-leadendcaninterferedwith applicationofthecalipers.

Finite elementanalysispredictsa -15 mu horizontal deflection,and a 22 mil vertical
deflection. DS0309 and DSO31O seemto follow this prescription. The finite element
predictionfor "transverse"010 usedon thenon-leadendof DSO311is -14 mils horizontal
deflectionand 23.5 mils vertical deflection. This comparesfairly well with the DSO311
non-leadend data,if thehorizontalandvertical measurementsaretransposedasmentioned
above.
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MagnetsDSO31O,311, and313 hadstrain gagesinstalledon their non-leadendcans. The
gageson DSO31O were positionedin such a way that the azimuthal strains at angles
correspondingto the horizontal, vertical, and 45 degreesmeasurementsmay be obtained
directly. This is doneby averagingthestrain gagereadingsfor thetwo angularpositionsthat
correspondto thecaliperendsof a givenmeasurement.Forexample,to get thestrain gage
readingfor "horizontal," thereadingsat 0 degreesand 180 degreesareaveraged.These
strains,in unitsof microstrain,areshownin Table2.

DS0311 hadits end canrotatedazimuthally,so that a direct correspondencebetweenits
straingageand caliperreadingscannotbe made. The numbershownin Table 2 for this
magnetis theaverageazimuthalstrain microstrainunitsover all azimuthalangles.

For DS0313,strain gagereadingsareshownfor horizontal,vertical,45 degrees,and 135
degrees.

DSO313 hadits endcan diametersmeasuredwith api-tapebeforeandafterinstallation. At
both the lead end and non-leadend, the changein diameterwas 8 mils. This is to be
comparedwith the averagedeflection of the DS0313 end cans over the four caliper
measurements,which give 7.2 mils.

We encountersomeapparentinconsistencyif we comparethestraingagereadingsandthe
calipermeasurements.For thecaliperreadings,we might assumethat thediameterchangecan
be directly linkedwith an azimuthalstrainwith 180 degreereflectionsymmetry,so that

microstrain= diameterchangein mils * 10**3 /6.250inches

So for examplefor D50310,we obtain from the caliperreadingsmicrostrainsof -3520,
3040, and 1280, which are to be comparedwith -602, 252, and716 from the strain gages.
For DS0313,we get-2080,2400, 1760, 2560 from the calipers,and -203, 314, 1157, and
1170 from thestrain gages.

It is not clearwhat thediscrepancyis. It maynot be correctto usetheaboveequationto
infer a strainfrom thechangein diameterof theendcan. Furthermore,thestraingagesreport
the effectsof both azimuthalandlongitudinalstrainaddedin quadrature.However,in general
theirreadingsaresmallerthan themicrostrainsderivedfrom thecalipers.



Table 1. LeadEnd Deflectionsmils
[Horizontal,Vertical,45 degrees,135 degreesj*

Magnet 0.5" 1.5" 2.5"

DS0308 0,2, 8,3 1, -2,6,3 2, -3, 6,3

DS0309 -10, 10,6, 12 -9,7,5,9 -7,6,4,6

DSO31O -14,20, 19, 12 -16, 14, 10, 1 -13, 11,7,4

DSO311 14,12,11,16 8,-11,6,10 5,7,3,8

DS0313 -5,6,2,1 -6,6,3,1 -8,7,3,1

Table2. Non-leadEndDeflectionsmils
[Horizontal,Vertical,45 degrees,135 degrees]

And Strain GageReadings**

Magnet 0.5" 1.5" 2.5" straingage
microstrain

DS0308 -11, 10, 10,0 -10,9,8,-i -8,7,7,0

DS0309 -13, 17, 12, 14 -12, 13, 8, 11 -10, 10,6,8

DSO31O -22, 19, 8, 6 -, -, -, - -7, 10,_,_ -602,252,716,..

DSO311 39, -12,24, 16 -, -13,_,8 17, -12,7,4 2142

DS0313 -13, 15, 11, 16 -13, li,_, ii -203,314,1157,1170

Table3. Pi TapeMeasurementsof CanDiameter
GivenasIncreaseof Diametermils

DS0313 leadend: 8 mil increase

D50313 non-leadend: 8 mil increase

* Deflections in this table aregiven as changein diameter. Negativevalues indicate a
decreasein diameter.

** The non-lead end cansof DSO31O,311, and 313 were equipped with strain gages.
The gageson 311 were rotated azimuthally by mistake from their intended positions, so
that not all anglesare available.
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