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Purposeof this Report: This reportis an attemptto re-assessthe end
clampinstallationdataforDCA3 11 - DCA319, in particularthechangein diameter
of theleadandreturnendclampcylindersduringclampinstallation.

End Clamp DiameterChanges: The End Clamp AssemblyTraveller
ES-298290specifiesmeasurementsof the end clamp cylinder before and after
installation i.e. in the "free" and "loaded" states. Thesemeasurementsare
intendedto help us assesshow much radial clampingload is presentin the end
clampregion, which coversthe last 3" of coil straightsectionaswell asthe turn
aroundsectionof thecoils.

Figure 1 is a reproductionof a traveller page, showing the various
measurementlocationsandthetablein which themeasurementsareto be recorded.
Micrometermeasurementsaremadeat eightpositionsalongthelength of theend
clamp cylinder, correspondingto 0.5", 1.5", ..., 7.5" from the insideend of the
cylinder. At eachoftheeightlongitudinalpositions,thediameteris measuredalong
four axes, labeledhorizontal, vertical, 45 degreesand 135 degrees. P1-tape
measurementsof thediameteraremadeat thesameeight longitudinalpositionsat
which micrometerreadingsaretaken. All of thesemeasurementsaremadein the
"free" and "loaded"states.

The diameterchangedatafor lead and return end clampson magnets
DCA3 11 - DCA3 19 are summarizedin Table 1. The first columngivesthenameof
the clamp. "L" meansleadendand "R" meansreturnend. The secondthrough
fourth columnsshowthechanges"loaded"minus "free" in theendclamp cylinder
diameterasmeasuredby themicrometeron thefouraxes at the 1.5" longitudinal
location1. Thesediameterchangeswill generallybe referredto as "deflections"in
whatfollows. Thefifth columnshowstheavengeof thedeflectionsalongthefour
axes. The sixth column is the deflectionmeasuredwith a pi-tape at the same
longitudinal location.

Sincethe pi-tapemeasuresan "overall" changein diameter,it might be
expectedthat thepi-tapedeflectionwould be well-correlatedwith theaverageof the
horizontal,vertical,45 degree,and 135 degreedeflections. Figure2 is a scatter-
plot of thesetwo quantities2. Integervaluesby some of the points indicatethe
numberof endclampscorrespondingto thepoint in question.It is seenthat there
is a good correlationbetweenthemicrometerandpi-tape measurementsof end
clampdeflection,with two clampslying well outsidethetrend. Thesetwo outliers
will be addressedlater.

1 The 1.5" location is chosenbecauseit correspondsto the straightsection of the coils
within theendclamp, andis pmbablyfar enoughfrom theendof theclampto avoid endeffects.

2The DCA313 return endclamp is plotted with a bestestimatevalue for the pi-tape
deflectionat the 1.5" location,dueto the absurdityof the p1-tapereadingsrecordedin the traveller.
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TheSTOP Criterion: The travellerspecifiesthat the changein the pi
tapediametermeasurementthe "pi-tapedeflection"atthe0.5" positionshouldbe
no less than5 mils. If thepi-tapedeflectionis smallerthan 5 mils, a physicistor
otherauthority is to be notified beforeproceedingwith further assemblyof the
magnet.

Thelastcolumnof Table1 showsthepi-tapedeflectionatthe0.5" position
for thefinal installationof eachendclamp. It is seenthat thechangeis sometimes
less than S mils. Reasonsfor proceedingin thesecasesvaried. Somewere as
follows:

-- It wasnotknownhow realisticthedeflectioncriterionof 5 mils was,and
it was hardto predicthow largean increasein shimmingmaterial layersof 5 mil
kaptonattachedto theinnersurfacesof the010 insulatorswasnecessaryto obtain
agiven increasein pi-tapedeflection.

-- Initially, therewasa strongprejudiceagainstremovingandreinstalling
endclampsbecauseof problemsencounteredon an earlymodelmagnetwhich were
thoughtto be associatedwith endclampinstallation.

-- In somecases,it was notclearwhetherthe hydraulicinstallationfixture
thenavailablecould supply adequateload to get the clampin placeif more shim
were used.

-- In magnetsDCA318 andDCA317, turn to turn shortsoccurredwhich at
first were thoughtto be associatedwith too much clampingload. Theseshorts
causedscheduledelaysandcausedfurtherbiasto moderateclampingloads in the
latermagnetsin theseries.

SomeSuspectValues: Figure 2 showsthat there is in generala good
correlationbetweenthe averageof the micrometerreadingchangesat the 1.5"
position and thepi-tape deflection at the sameposition. The pi-tape deflection
valuesfor theDCA317 andDCA319 leadendclampsaresuspect.Both of these
clampsshow up asobvious "outliers" in Figure2. In thecaseof theDCA319lead
endclamp,thepi-tapemeasurementvalueshaveactuallybeenalteredin the traveller
to indicate a 6 mil changein pi-tape reading. However, the averageof the
micrometerreadingchangesat thesamepositionfor this clampis only 3 mils. The
DCA317 leadend final statepi-tapereadingsare far from the corresponding
micrometeraverages.



Importanceof theseMeasurements: Why is all of this interesting?
Onemagnetwith smallpi-tapedeflection,DCA313,hadasingletraining quenchin
theregionof the leadendclamp. It shouldbe emphasizedthatthis training is not
necessarilyassociatedwith too-smallclampingload. However,magnetsDCA311
and DCA312, which showedno training, had at least4 mil pi-tapedeflectionin
both leadandreturn endclamps. On the otherhand,DCA314 had4 mil pi-tape
deflectionsin both endclamps,and it had a singletraining quenchsimilar to the
DCA313 quench.

All of this is consistentwith at leasttwo scenarios:In thefirst scenario,the
training quencheshave nothing to do with the end clamps,and we must find
anotherfeature which distinguishesDCA311 and DCA312 from DCA313 and
DCA314. No obvious changesin end clamp installationprocedureoccurred
betweenDCA312 and DCA3133. In the secondscenario,a marginalsituation
existswith respectto endclamp load. In this latterscenario,all of themagnetsare
susceptibleto initial training, andonly two of thefourtestedsofar haveshownthe
behavior.

Conclusions:

-- The DCA317 leadend, DCA318 return end, and DCA319 lead end
clampsareprobablyno more tightly clampedthan theDCA313 leadend clamp.
Therefore,if thetrainingquenchseenin DCA3 13 is relatedto the somewhatlooser
than averageleadendclamp,we may see suchquenchesin the last threeASST
magnets.DCA318 hasnotyet beenyoked, so that an endclampcould in principle
be removedand reinstalledfrom this magnetwith fairly minor delaysin the
schedule.The removal andreinstallationof the "looser" endclampsof DCA317
andDCA319 would havemoresevereimpacton theschedule.

-- Having consulted with John Carson and Don Tinsley, I am
recommendingseveralrevisionsto the End Clamp InstallationTravellerwhich
shouldclarify the "free" and"loaded" statediametermeasurementsand bringabout
greaterconsistencybetweenreadingsby differenttechnicians,andgreaterprecision
in evaluationofdiameterchangesduring installation. JoAnn Larsonhasbegunto
implementthesechangesin theTravellerin draft form.

-- It is certainlyimportantthat thedatain theTravellernotbe tamperedwith
for any reason.Necessarychangesmaybe madein an appropriatemanner,but all
techniciansshould be awarethat changesin rawdatacancauseconfusionif the
reasonandintentof suchchangesis unclear. Thechangesmadein the DCA319
dataareparticularlysuggestiveof an atmospherein which the desireto get the
"right answer"is strongerthanthedesireto recordthetruemeasuredvalue.

-- Finally, it should be restatedthat all "STOP" criteria in the Traveller
shouldberespected.

3Rowever,DCA313 was the first magnetto employ end clamp insulatorsmanufactured
with a differenttechniquewhich broughtcertainkey dimensionscloserto the designvalues.
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Table1. DiameterChangesofEnd ClampCylinder
1.5" from CollaredPortionof Coil, Measuredwith
MicrometerandPi-tape

* P1-tapemeasurementsareinconsistentwith micrometermeasurements.
Bestestimateof 1.5" positionpi-tapedeflection is 3 mils

** P1-tapemeasurementsin clampedstateareinconsistentwith micrometer
measurements

*** P1-tapemeasurementsin clampedstatehavebeenalteredin traveller,
andareinconsistentwith micrometermeasurements



End Clamp Deflection Measured with
P1-Tape and Micrometer 1.5" from Collars
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