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Introduction. Thereturn endcanof DSO311wasrecentlyinstalledusing GlO collet
pieceswith thefiberplanesrunningperpendicularto themagnetaxis "radial fibers." We
mayexpectsomedifferencesin thebehaviorof this endrelativeto thecorrespondingend
on DSO31O,due both to the shapeof thenew GlO piecestheydon’t havethe "warping"1
that characterizesthe G10pieceswith "azimuthal fibers" and their potentially different
mechanicalproperties.Of course,themain reasonto try themis theirmuchsmallerthermal
contractionin theradial direction.2

In this reportI compareendcandeflectiondatafrom DSO31OandDSO311. For each
magnet,straingagedataandstrainsinferredfrom calipermeasurementsarecompared.

Strain GageMeasurements.The returnend cansof DSO31O and DSO311 were
both instrumentedwith six activeandfour compensatingstrain gages. Thesegageswere
attachedto theend cansbeforeinstallation"free" stateat azimuthalanglesgiven in the
secondcolumnof Table 1. The azimuthalangleis measuredfrom theverticalposition,
counter-clockwiselooking towardthecoil from thereturnend.TheDSO310 end canwas
installedcorrectly,so that strain gageAl was at Phi = 0 degrees.TheDSO311 canwas
unintentionallyinstalledin a rotatedposition, so that the angularpositionsof the gages
wereasgiven in thethird columnof Table 1.

Table1. AzimuthalPositionsof Return
EndCanStrain Gages

GageName Phi DSO31O degrees Phi DSO311 degrees

AC1 0 113.9
AC2 30 143.5
AC3 60 175.4
AC4 90 202.8
ACS 180 293.9
AC6 270 23.9
CC1 -240 350.9
CC2 -180 309.9
CC3 -240 353.2
CC4 -180 309.9

Roomtemperatureresistancevaluesfor all strain gageswererecordedbeforeendcan
installationtheir"free" values,at two pointsduring endcaninstallation,and aftertheend
canwasin its final installedposition their "loaded"values.

Figure la shows the strain recordedby the DSO311 active gagesasa function of
azimuthal angle. To obtain strain from the resistancemeasurements,the following
formula4wasused:

strain = Rloaded - Rrree / 2.08 * Rfree



The y -axis scalein Figure la is chosenso that the DSO311 strains may be easily
comparedwith thevaluesfrom DSO31O,which areplottedin Figure lb. Thestrainvalues
for DSO310 aretakendirectly from WayneKoska’sanalysis.

The strainsfor theDSO311 endcan showfairly goodazimuthalsymmetry,andareall
between1 and2 mils perinch. TheDSO31Oendcanhad negativestrainsof about .5 mils
per inch at 90 degreesand 270 degrees,anglesunfortunatelynot coveredby therotated
straingageson theDSO311 endcan.

Thepositivestrainsof about.5 mils per inch at anglesnearthe-verticalfor DSO31Oare
four times smallerthan thevaluefor DSO311 closeto the sameposition.Likewise, the
valuefor DSO31Oat 180 degreesis nearly0 mils per inch, wheareasDSO311showsabout
2 mils per inchin thesameangularregion.

The relatively small valuefor strain close to 120 degreesshownby DSO311 may
indicateareturnfrom negativestrain valuesat anglescloseto 90 degrees.

Figures2a and 2b showtheradial pressures5inferredfrom the strain gagereadings,
assumingasimplepressurevesselwith walls of uniform thickness.Thethicknessusedis
the valueat the straingageposition. In the caseof DSO311, the pressurehasvalues
between7 and 16 kpsi. SeeNote 5, however.

Caliper Measurements.For both DSO3IO and DSO311,the diameterof eachend
canwasmeasuredin free and installedpositionsand at severalintermediatepositions
during installation using a caliper.Diametermeasurementsweremadeat 0 degrees,45
degrees,90 degrees,and 135 degreesfrom theverticalat longitudinal positions.5", 1.5",
2.5", 3.5", 4.5", 5.5" and 6.5" from thecoil endof theend can.

For comparisonwith the strain gages,theideal set of calipermeasurementswould be
the set taken 1.5" from thecoil end of the end can, sincethe strain gagesaremounted
about1.13" from the coil endof theendcan. However,thephysicalpositionsof thestrain
gagesmakesomeof thecalipermeasurementsat 1.5" impossible. We thereforetakethe
calipermeasurementsat .5" and 3.5" DSO310 and2.5" DSO311 for comparison.

Figure 3a shows the strains inferredfrom the calipermeasurmentson the DSO311
returnend can.6 Two sets of caliper measurmentsappearon the graph,takenat .5" and
2.5" from thecoil endof thecan. Eachcalipermeasurementgivestwo points;for example,
themeasurementat 0 degreesis also a measurementat 180 degrees,and soon. Theopen
squaresshowthe straingagereadingson the sameplot.

The straingagereadingsareseento lie reasonablycloseto thestrainsinferredfrom the
caliperreadingsat 2.5" from thecoil end7. Thecalipermeasurementsindicatethehighest
strainsat thecoil end,which is wherethesteelcanis thethinnestand suffersthehighest
stressduring installation.

Figure 3b showstheanalagousreadingsfor DSO31O. As in Figure3a, the straingage
readingsand calipermeasurementsseemto track eachotherqualitatively. In this case,
therearealsostraingagesmountedat 90 and 180 degrees,which showthenegativestrains
indicatedby the caliperreadings.As in thecaseof DSO311, the .5" calipermeasurements
indicatethegreateststrains.



Conclusions. Measurementsof room temperaturereturn end canstrainin two SSC
40mm shortdipole magnets,DSO31Oand DSO311,havebeen examinedboth with strain
gageandhandmeasurementtechniques.

The strain gagesof DSO311 showin generalhigher strain valuesthanDSO310. The
pressureon theDSO311 end caninferredfrom thestrain valuesarecloseto 12 kpsi, and
arefairly azimuthaflysymmetricover theangularregionssampled.

The caliperreadingsfor both magnetsshownegativestrain at thepartingplaneof the
magnet. This negativestrainis confirmedby thestraingagedataofDSO310, but cannotbe
checkedfor DSO311 dueto improperazimuthalpositioningof theDSO311 endcan.

Thestraingagereadingstrackqualitatively the strainsinferredfrom caliperreadingsfor -
both DSO31O andDSO311. However,thedetailedagreementbetweenmagnitudesis less
clear. The uncertaintyin the strainsinferred from thecaliperreadingsis the controlling
sourceof systematicerror.



ReferencesandNotes

1. The standardGlO collet pieces,with fiber layers in the azimuthaldirection, are
machinedasa taperedcylinder andthencut into four quadrantpieces.Whenthepiecesare
cut out of a cylinder in this manner,they havea tendencyto warp inward, so that the
original innercylinderdiameterof 3.198"becomesabout3.168".

2. Simple "dunk" testsin liquid nitrogenTS-SSC90-053 have shown that GlO
shrinks almost 5 times less in directionswithin the planesof the glassfibers than in
directionsperpendicularto thefiber planes1.4 rnils per inch asopposedto 9.7 mils per
inch. This resultis well knownandintuitive, of course.

3. As Table 1 indicates,theDSO311 end canwasrotatedcounter-clockwiseby about
114 degreesfrom its correctpositionprior to installation. This wasdueto a mistakein the
felt penmarkslayedouton theendcan to indicatevertical,horizontal,45 degreeand 135
degreediameters.

4. The gagefactor 2.08 is usedfor thesegagesMicro-MeasurementsDivision of
MeasurementsGroup, Inc., gagetypeWIK-15-250B0-350optionW. Themanufacturer’s
quoteduncertaintyon thegagefactoris 1% at roomtemperature.Thecompensatinggage
readingsareignoredin this report sincetheir inclusiononly changesthestrainsby several
partsin io.

5. I use the formula pressure= strain * 2.83e4kpsi * t / Finner where t
is theaveragethicknessofthe stainlesssteelendcan,andrinner is its avengeinnerradius.
After makingthefigures, I discoveredthat using thethicknessandinnerradiusof thecan
atthepositionof thestraingages,thepressurescanincreaseby asmuch as1 kpsi.

6. I just assumea "local" strainof changein diameter/ free diameterat each
position.

7. If we assumea measurementuncertaintyin the caliperreadingsof imil, thenthe
caliperreadingsshouldhaveuncertaintybarsof about300 in they direction.
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DSO311 End Can Pressure Room Temperature
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DSO311 End Can Strain: Caliper vs. Gages
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