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Introduction: DSA323 will be thesecondtin theFermilabseriesof 50 mm aperture
1.5 m model SSC dipole magnetsto be cold tested. Two attemptsto key theDSA323
collaredcoil weremade,thefirst on 2/14/91and the second2/15/91. The secondkeying
attemptwassuccessful.Both attemptsaredescribedin this memo.

Since one of the goals of magnetDSA323 is to try to reproducethe behaviorof
DSA321 [1,21, no extrakaptonpole shims were addedto the DSA323 coil insulation
during coil packageassembly.

Studiesof initial 50 mm coil sizingdata [3] hadindicatedthat mostof the coil size
variations were from curing tooling features,and would therefore be reproducible.
DSA323wasto be built with coils that hadsimilarcharacteristicsto thoseusedin DSA321.
Becauseof irregularitiesin the coil curing process,this was not possible.Appendix I
reviews thecoil sizing informationfor thecoils usedin DSA323.

ThereareseveralotherdifferencesbetweenDSA323 and DSA321-322. The strain
gagepackin DSA323wasplacedtwo full packsawayfrom thecenterof thecoil so that the
strain gage block magnitization [4] would not interfere with Lab 2 harmonics
measurements.Also, DSA323hasheaterstrips in all four quadrants.Quadrants1 and3
have SSC-2heaters,while quadrants2 and4 haveSSC-1 heaters[5].

The pressusedto key DSA323 wasthe new 84" short pressin ]B3, with laminated
uppertooling andEDM lower tooling. This meantthat the featureswhich index the
horizontalflats on the lifting points notchesof thecollarswerepresenton both theupper
andlower tooling, in contrastto DSA322for which thefeatureswereabsenton theupper
tooling [6].

GeneralProcedure:The generalprocedurefollowed in both keying attemptswas
that specifiedby Jim Strait for the secondkeying of experimentalcollaredcoil DSA322.
Figure1 showsthearrangementof thecollaredcoil in thepress.

1-Thecollaredcoil was placedin the tooling so that therewas8" betweenthenorth
endof thetooling andthefirst collarpack. Themagnetleadendpointednorth.

2- Cylinders1, 6 and7 on both sidesof thepressweredisconnected,so that the
conversionfactorfrom pumppsi to coil psi shouldbe2.56.

3- A 5 mil brassshim wasplacedbetweentheuppertooling andthepressplaten.

4- Linearpotentiometerswere installedon both sidesof thepressto measurethe
key travelduring key insertion.

5- Straingagereadingsweretakenat0 pumppsi, at line pressureabout750 psi,
at 2000, 4000, 6000, and 8000 pumppsi. Tooling gap measurementswere takenat five
positionson eachsideof thepressat 2000,4000,6000,and 8000pumppsi.

* DSA322 is not to be yoked, but will rather be used for keying experiments in
the 84" press. Details of DSA322’s first keying can be round in reference [6] of this
memo.



First Keying Attempt 2/14/91:

On the first keying attempt,thepressclosedat 8000 pump psi. At both endsof the
magnet,it waspossibleto insertalength ofkeyingmaterialby handon thewestsideof the
collaredcoil quadrants1 and4. On theeastside quadrants2 and 3, it wasonly possible
to insertthekeyby hand1/3 to 1/2 way into theslot

An attemptwasbegunto insertthekeyswith horizontalload,but this wasabandoned
whenit wasobservedthat thekeyswerehitting theedgesof thekeywaynearthemagnet
ends. This wasbecausethekeyshadbeencutto theexactlengthof thecollaredcoil, and
so were not supportedby the pusherbar clips near the ends, and thereforehad some
sagging.

The straingagedataandpressgapdatafor the first keyingattemptaregiven in Tables
la and lb. Figure2 showsthestraingagedata for thefirst keyingattempt

Second Keying Attempt 2/15/91:

In preparingfor this attempt,thecollaredcoil wasremovedfrom thetooling. Forthis
reason,it wasnot known whetherthe detailsof pressclosureand the orientationof the
collarlaminationswould bethesameasfor thefirst keyingattempt

Thekeys werecut long enoughso that they would be fully supportedby pusherbar
clips well beyondthe endsof the collaredcoil. A lubricant,Dow-ComingOn spray
containingmolybdinum disulfide, was sprayedon the key lengths before they were
mountedin theclips.

At 8000 pumppsi, thepresswasfully closed. As in thefirst keying attempt,on the
westside a pieceof key materialcouldbeinsertedwith slight pressureby hand,while on
theeastside,it couldonly be inserted1/3 to 112 wayin this manner.

Hipots andresistancechecksweredonewith thepressat 8000pump psi. With 500
psi sidepumppressure,thekeyson thewestsideappearedto be well seated.Theeastside
lookeda little more ambiguous.Thesidepressurewasincreasedvery slightly. Thelinear
potmeasurementsindicatedthat theeastsidewasmore closedthanthewestside;however,
thepotson theeastsidewerecloseto the limit of their usefulrange. SeeAppendixII for
thedetailsof thelinearpotdata.

With thehorizontalpressurestill applied,theverticalpressurewastakento 4000pump
psi, andthen to 0 pumppsi. Thesidepressurewasthenremoved.

When thecollaredcoil was removedfrom thetooling, it wasobservedthat thekeys
werenot perfectlyflush with thecollar lamination surface. Micrometermeasurements
showedthat in the gagepack region for example,the distancebetweenopposingkey
surfaceswasabout20 mils greaterthanat theendof thecollaredcoil. Usinghammersand
metalflatsto hammerthekeys,wewereableto bring all surface-to-surfacemeasurements
to within a mil of one-another.



Tables2a and 2b show the strain gageand pressgap datafor the secondkeying
attempt. Figure 3 showsthestraingagedataplottedfor variousstepsin theprocedure.

After thekeyshadbeenhammeredin, measurementsweremadeof thecollardiameters
at severalazimuthalpositions. ThesemeasurementsareattachedasAppendixifi.

Discussion: For the secondkeying attempt, the springbacklosseswere 4.47 kpsi
and 8.67 kpsi for theinnerandoutercoils respectively.For D5A322, the losseswere4.4
and 8.6 kpsi [6].

Theavengeinner andoutercoil polestresseswere6.86 and11.30 kpsi whenthecoil
wasremovedfrom thepress.After hammeringin thekeys-20 mils in somelocations,
the stresseswere 6.90 and 11.47 kpsi for the inner and outercoils, respectively. For
DSA322, thefmal stresseswere5.8 and4.7 kpsi for the innerandoutercoils [6].

It is not clearin retrospectthat thelubricationof thekeyshelpedin any way.

Figure 4 shows the averagecoil stressinners+ outersplotted againstthevertical
presspumppressure.Both keyingattemptsareshown,andthesecondpasson DSA322is
shownfor comparison.TheD5A322numbersaretakenfrom reference[6L Also shown
is the line with theexpectedslopefor thepressarrangementusedforDSA323.



Notes

[1] TS-SSC91-029, 5. Gourlay, "Summary of DSA321 Quench Performance,"
February12, 1991.

[2] TS-SSC91-031, T. Jaffery, "DSA321Harmonicsat Lab 2," February4, 1991.

[31 TS-SSC91-023,M. Wake, Memo concerning50 mm coils, January31, 1991.

[4] TS-SSC 91-024, M. Wake, "MagnetizationEffect of PressureGage Block,"
January31, 1991.

[5] Chris Haddock,private communication. Both varietiesof SSC heateruse the
samecopper-plated1 mil 304 stainlesssteelconductor,with 24" unplatedheatingpads.
The differencebetweenthe SSC1 and SSC2heatersis the insulation; SSC1 is just
adhesive-backedkaptonon both sides,whileSSC2hasglass-impregnatedpolyimidewith
adhesive-backedkaptonon theoutside.

[6] TS-SSC91-030, J. Strait, "First Collaringof DSA322," February12, 1991.
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AppendixI: Coil SizeMeasurementsfor DSA323

Thecoils usedin DSA323are:

upperinner: 1M-50-11O
lower inner 1M-50-113
upperouter: 1M-5O-216
lowerouter: 1M-50-215

Someof theoverallcoil pmpertiesaregiven in the following table.

coil number avg. size avg.size avg. size sizerange
quad1/3 quad2/4 whole coil

110 .0064 .0049 .0056 .0061
113 .0055 .0059 .0057 .0047

215 .0065 .0061 .0063 .0042
216 .0067 .0069 .0068 .0040

The coil sizeprofiles areshownin thefiguresbelow. Therearesevenipositionsat
whichcoil pairs arebadlymatched,andin generaltherearedifferencesbetweenupperand
lowerecoils atagivenposition of 2- 3 mils.
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Appendix II: LinearPotentiometerMeasurements
of Key Closure for DSA323

The figure below shows the positions on the 84" pressat which linear pots were
installed.
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The following tablecontainsthelinearpot andmicromenterdataduring thesecond
keyingattemptofDSA323.

The secondand third columnsshowtheresistancein ohmsmeasuredbeforeandafter
collaring theseshouldbe the same,and at 500 pump psi side pressure.Note that the
nominalresistanceof eachpot is 0 to 1000 Ohms,sothat at positions3, 2, 1, and 6 the
highreadingis eitheruncomfortablycloseto thelimit ormaxedout.

The absoluteand fractional changesin resistancearegiven in the fourth and fifth
columns. Theinferredchangein positionin inchesis given in the sixth column, usinga
conversionfactor that had beendeterminedearlier. Thenominal valuefor acompletely
keyedmagnetis .585".

Thefinal threecolumnscontainmicrometerdatafrom thepositionsshownin thefigure
above. Becausethe presscolumnsget in theway, it is not possibleto takemicrometer
readingsatthelinearpotpositions. Simplesubtractionof thedatafrom thesixth andninth
columns,admittedlynotan optimalprocedure,givesdeviationsthat rangefrom +20 mils to
-14 mils for thepots thatarenot operatingoutsidetheirnominalresistancerange.
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Appendix ifi. Diameter Measurementsof Collared Coil
Keyed

The figure showsthe azimuthalpositionsat which the collarswere measuredwith
micrometerafterkeying. Thetableabovethe figure givesthemeanandtinsvaluesoverthe
lengthof thecollaredcoil. Eachazimuthalpositionwasmeasuredat 14 positionsalong
thecollaredcoil. Also givenarethevaluesmeasuredfor an undeflectedcollarpackkeyed,
bracedwith piecesof wood. Thefull datasetis availablein theDSA323traveller.

position meaninches rms inches undeflected

A-i 5.348 .001 5.352

A-2 5.348 .000 5.351

B 5.314 .001 5.310

C 5.310 .000 5.304

D 5.313 .000 5.309

E 3.755 .002 notmeasured

F 3.754 .000 not measured
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C.

Collared Coil Viewed Fra. the Lead End

-_-

F.

‘A-1 -if


