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Introduction

Measurementsof theAC lossesundera unipolarrampcyclewereperformedon magnetsDCA311
and DCA312, full-size 50mm collider dipole magnetsconstructedat Fermilab. The loss
measurementswereobtainedusing the digital integrationtechniquedevelopedfor shortmodel
magnets.This representsthefirst instanceof AC lossmeasurementsbeingperformedon long SSC
magnets,theresultsof which aredescribedbelow.

Magnet DCA311

AC lossmeasurementswere performedon magnetDCA311 using the standardunipolarramp,
from 500A to 5000 A then back to 500A, with 5 seconddwells at ‘mm and‘max. Becausethis
magnetshowedaratherstrongquenchcurrentdependancewith ramprateseeFigure 1, it could
not be testedat the higher rampratescustomarilyusedwith short modeldipoles.Therefore,AC
lossmeasurementswereperformedat rampratesof 30, 50, 75, 100, 125, and 150 A/sec.Unlike
the measurementprocedurefor short magnets,two power supplieswere usedratherthan one,
owing to thedifficulty in re-configuringthetestsetup.Normally, onepowersupplyis usedin this
measurement,in orderto eliminateeffectscausedby non-uniformcurrentoutputof two suppliesin
parallel.No deleteriouseffects from using two supplieswereobservedin theraw data,leading to
the conclusionthat theregulationand uniformity of thepower supplysystemusedfor the long
magnetsis superiorto thatusedwith the shortmagnets;hence,operationwith both suppliesis
indeedacceptablefor thesemeasurements.knotherdifferencebetweenthis measurementand
measurementson shortmagnetswasthat thecurrentwasmeasuredusingtheoutputof theHolec
currenttransducer,ratherthan a shuntThisprovidedastronger,cleanersignal,thatwas immune
to shuntself-heatingeffects.Apartfrom thesedifferences,all otherparametersof themeasurement
runswere identicalto thoseusedduringmeasurementson shortmagnets.

Themagnetwastypically setup to do aseriesof 12-14 rampcyclesata givenramp rate,with data
taken on the4th andsubsequentcycles.The datafrom theunipolarramp ratestudy is shownin
Table I and plotted in Figure 2. The linearfit to the datayields a hysteresisloss of about 614
Joules,andan eddy currentdependanceof 15.7 Joules/A/sec.This is to be comparedwith 109
Joulesand 0.70 Joules/A/sec.,respectively,for a short 50mmdipole magnetDSA324.The
resultsfor both DCA311 and DSA324areplottedtogetherin Figure3. The hysteresisloss has
increasedby a factor of about6, surprisinglylow, aswe expectthe hysteresisloss to scalewith
volumeof superconductor,and,hence,length.The ratio of thelengthsof the straight sectionsof
the long coil/shortcoil is 11.7, for reference.Thedifferencemight be dueto differencesin the
superconductingcableitself, vis a vis filament size,numberof strands,J, etc. The eddycurrent
behaviorhas increasedby a factor of about22, nearlydouble the valueexpectedfrom a simple
lengthscaling.This possiblyresultsfrom differencesin intra-strandresistancebetweenthe cable



usedin magnetDCA3 11 andmagnetDSA324.At any rate, thevery high eddy currentlosses
correlatewell in aqualitativemannerwith thedegradedramprateperformanceof magnetDCA3 11.

Magnet DCA312

MagnetDCA312wastestedin essentiallythesamemannerasmagnetDCA31 1, exceptthat several
additional ramp rateswere employed.This resultedfrom magnet312’s ratherpoorramp rate
performanceseeFigure4,which precludedusingrampratesabove100 A/sec.Additional drive
tablesat lowerramp rateswere againneeded.The magnetwasfinally testedat rampratesof 30,
40, 50, 60, 75, and 90 A/sec.The datacanbe found in Table I andareplottedin Figure5. It is
immediatelyobviousthatmagnetDCA312hasexceedinglyhigh AC losses;both hysteresislosses
andeddy currentlossesarethehighestyet seen.The hysteresislossfor magnetDCA312is 1393
Joules,moróthantwice that of magnetDCA31I, andabout 12.8timesthat ofmagnetDSA324.In
this regard,magnetDCA312 morecloselyagreeswith thehysteresislosswe would expectby
scalingtheshortmagnetresultsby magnetlength 12.8vs 11.7. Theeddy currentdependenceof
magnetDCA312is muchmorestriking whencomparedto previous50mmresults- theramprate
dependenceof magnetDCA312, at 55.4 Joules/A/sec.,is 3.5 times as large as for magnet
DCA311, and almost80 times aslargeasthe shortmagnetDSA324result! This is evidently
relatedto themagnet’squenchperformanceat high ramprates, eddy currentheatingbeingthe
culprit responsiblefor quenchcurrentdegradation.At present,no concreteexplanationfor thehigh
eddy currentlossesin magnetDCA312canbe offeredfrom this data,althoughlow intra-strand
resistanceis suspected.Strand-tostrandresistanceandAC lossmeasurementsperformedon cable
samplesusedin the winding of coils for thesemagnetsmay provide an additionalsourceof
enlightenment.

Conclusions

TheAC lossesexperiencedduringastandanlunipolarrampcycle havebeenmeasuredfor two full-
size 50mm bore SSCcollider dipole magnets.The resultsfrom thesemeasurementsagreewell
with our expectations,bothfrom simplescalingof shortmagnetresults,andfrom observationsof
quenchcurrentdegradationwith ramprate.We find astrongcorrelationbetweentheeddycurrent
heatingasmeasuredin an AC lossmeasurement,andthedegreeofdegradationof quenchcurrent
with increasingramp rate.No correlationbetweentheamountof hysteresismagnetizationloss
andother magnetperformanceindicators can be drawn from he presentwork, howeverthe
hysteresislossshouldbecoirelatableto thetime decayof theremnantsextupole,for example.This
mightproveto be worthyoffurtherinvestigation.

Acknowledgements

The assistanceof themembersof theFermilabMagnetTestFacility MTF in performingthese
measurementsis gratefully acknowledged,in particularthe efforts of JoeDiMarco, Joseph
Kuzminsld, andDarryl Orris.



TABLE I

AC LOSS DATA FOR MAGNETS DCA311, DCA312, AND DSA324

Ramp RateA/sec DCA311 DCA312 DSA324

30 1499 3678 121
30 1105 3150 130
40 3256

40 3535
50 1334 4012 151
50 1262 4008 156

- 60 4481
60 4626
75 1695 5586
75 1450 5531
90 6652
90 6427

100 2186 164
100 2184 184
125___ 2625

___

150 3072-- Zi8
150 3031 ---- 208
200 239
200 254
200 245
250 300
250 282
300 325
300 313

- LosWCycleJ ------------/

DCA311 DCA312 DSA324

EddyCurrentDependenceJ/A/sec 15.7 55.4 0.7

HysteresisLoss i 614 1393 109



DCA311: Current at Quench
Full Length 50mm Aperture Dipole - FNAL
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Energy Loss as a Function oF Ramp Rate
Maqnet 00A311
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Energy Loss vs. Ramp Rate
50mm Dipoles: DCA31 1long & D8A324short
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DCA312: Current at Quench
Full length 50mm aperture dipole - FNAL
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Enerqy Loss as a Function oF’ Ramp Rate
Moqnet 0CA312
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