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Introduction

AC lossmeasurementsin long SSCcoiliderdipoleshaverecentlybeenperformed1.As a matterof
procedure,measurementsare also takenfor DC currentlevels, at 0 and 5000 Amps, in orderto
evaluateany steady-statecontributionto theenergyloss,which might resultfrom fluctuationsin
thepowersupply, or electricalnoise in the externalenvironment.Previously,in short magnet
measurements,wehavefoundessentiallyno contributionatDC currents2.However,this hasnot
beenthecasefor the long magnetsrecentlytested.While themeasuredlossat DC currentsof 0 A
hasindeedremainedzero,the lossat 5000A DC hasincreasedto a measurableamount.This
indicatesthat theremust be somepowersupply fluctuation dJ/dt which producesa non-zero
magnetvoltage,which is notnecessarilyrandom,andtherefore,doesnot identically integrateto
zero.Effectsof noise from theexternalelectromagneticenvironmenti.e., inductiveor capacitive
pick-up arebelievedto be negligible, astheywould contributeequallyat 0 A DC and 5000 A
DC, whereasnon-zerolossesatDC currentsareonly observedwhenthepowersupply is at non
zerocurrent,possiblyarisingfrom irregularpowersupply regulation.

Recentmeasurementsof magnetsDCA31 1 andDCA312 haveindicateda substantialdifferencein
thehysteresislossduring astandardunipolarrampcyclebetweenthesetwo magnets.It hasbeen
suggested3that this differencemay beattributableto somesystematicerror in the measurement
process.Onemechanismto beconsideredis thatof contributionsto theoverallmeasuredlossfrom
the observednon-zeroDC loss. In the following paperwe discussthe methodologyusedin
deriving a correctionto the measuredAC losses,and theresultanteffectson the long magnet
result, showing that the difference in hysteresisloss is most likely not du to DC energy
dissipation.

Derivation of the Correction

Considerthatweobservesomenon-zeroenergylossfor aDC currentmeasurement,F’. This loss
is the integralof theproductV*I with respectto time, evaluatedoveracertaintime tdc. We can
then write thepowerdissipatedatthis currentasE’/tdC . Underthe assumptionthat this poweris a
linearfunctionof theDC current , correspondingto aconstantmagnetvoltageduring a rampcycle
with someconstantnon-zerodI/dt, vanishingat1=0, wecanwrite thepowerdissipatedas:

P’ = E’/t/5000dUdt * t + 500 1

where E’ is the lossmeasuredat5000A DC, tdc is the time over which the DC measurement is
made,dI/dt is therampratefor a givenmeasurement,t is time, and500representstheDC offset of



the standardunipolarrampsusedin theAC loss measurements.We can thenfind thelossdueto
power supplyfluctuationsby integratingthis expressionfor powerwith respectto time over the
time for a completecurrentcycle,namely:

E5 = E’//5000 Jdtt + 500dt 2

wheretheintegralis evaluatedoverthecycle time t. SincedT/dt is discontinuousoveracomplete
cycle,andthecycleis symmetric,we can re-writethis expressionto facilitate it’s evaluationas:

Es = 2 E’/tj/5oooJdI/dtt + 500dt + E’soo + F’5000 3

wheret1 is the time for half aramp cycleminus thedwell times, andE’5yJ and E’5yy3 arethe
lossesfrom the5 seconddwellsat 500 and5000A, andaregivenby:

= E’/t 500/5000*5 4

and

= E/tdc*5 5

Note that in this treatment,resistivelossesat DC currentsdue to the small but finite splice
resistancespresentin thecablehavebeenneglected,for they can be shownto be on theorder of
only afew Joules,much lessthantheobservedDC losses.

Using equations3,4, and5, we canthendeterminethecorrectionto theAC lossmeasurementsat
eachrampratestudied.Thesecorrectionsmustthenbe subtractedfrom themeasuredvaluesof the
AC loss.

Corrections to Long Magnet Results

As thevaluesfor theenergyloss atDC currentsof 5000Ampsdiffer substantiallyfor the two long
magnetsstudied,thecorrectionswill haveto be calculatedin eachcase.For magnetDCA311, we
measuredan averageenergy loss at 5000 A DC of 63 Joulesover a time period of 133.33
seconds.This correspondsto a powerof 0.47Watts.In thecaseof magnetDCA312, theDC loss
over thesamelengthof timewas 123.5Joules,leadingto a powerof 0.93Watts.Thesevaluesfor
thepowerdissipatedat aDC currentof 5000A areto be usedin expressions3,4, and5 above,in
placeof E7t,j. We alsoneedthehalf-cycletime for thevariousrampcycles; this is shownin
TableI below:



Table I

RampRate t1
A/sec sec

30 150
40 112.5
50 90
60 75
75 60
90 50

100 45
125 36
150 30

Using thesevaluesfor t112 , and theDC power,we can then find thecorrectionsto the AC loss
measurements.Thesearesummarizedin TableII asfollows:

Table II

MagnetDCA3ll

RampRate EnergyCorrection UncorrectedLoss CorrectedLoss Correctionas%
A/sec J J J

30 81 1499 1418 5.4
1105 1024 7.9

50 49 1334 1285 3.7
1262 1213 3.9

75 34 1695 1661 2.0
1450 1416 2.4

100 26 2186 2160 1.2
2184 2158 1.2

125 21 2625 2604 0.8
150 18 3072 3054 0.6

3031 3013 0.6

MagnetDCA3l2

RampRate EnergyCorrection UncorrectedLoss CorrectedLoss Correctionas%
Alsec J J J

30 192 3678 3486 5.2
3150 2958 6.1

40 145 3256 3111 4.5
3535 3390 4.1

50 117 4012 3895 2.9



4008 3891 2.9
60 99 4481 4382 2.2

4626 4527 2.1
75 80 5586 5506 1.4

5531 5451 1.5
90 68 6652 6584 1.0

6427 6359 1.1

As is evidentfrom this table, thecorrection,asa percentageof theuncorrectedvalue, is never
greaterthan 8 %, andis in generallessthanour measurementuncertainty.It alsodecreasesquickly
with higherramprates,aswewouldexpect,sinceshortercycle times imply lessintegratedenergy
lossfor amonotonicallyincreasingrelationshipbetweenpowerandcurrent.

We haveplotted the ramprate dependanceof thesetwo magnetsin Figures1 and 2, using the
correctedvalues.Note thatthecalculatedvaluesof thehysteresislossandrampratedependance
havenow changedsomewhat.Theseparametersaresummarizedin Table ifi:

Table III

Magnet HysteresisLoss HysteresisLoss RampRateDep. RampRateDep.
uncorrected corrected uncorrected corrected

J J J/A/sec J/A/sec

DCA311 614 534 15.7 16.2

DCA312 1393 1164 55.4 57.4

In generalwe seethat thehysteresisloss havedecreasedin both cases,by between13 and 16
%,while theeddycurrentlosshasincreasedby 3-4 %.

Conclusions

We haveshownthat thecontribution to the measuredAC lossesof long magnetsdueto energy
dissipationin themagnetunderDC conditionspossiblyarisingfrom powersupplyripple canin
somecasesbe non-negligible.We fmd, however,that exceptin thecaseof thelowestramprates,
thecorrectionis on theorderof themeasurementuncertaintyasdefmedby thestandarddeviation
of a set of measurements.This DC dissipationcan not accountfor the differencebetweenthe
surprisinglylargehysteresislossesobservedin magnetDCA312 andthesmallerlossesobserved
in magnetDCA311. From simple scaling arguments,however, the hysteresisloss of magnet
DCA312 would appearto bereasonable,astheratio of thehysteresislossin magnetDCA312 to
thatof magnetDSA324short50mmmagnetis 10.7, in goodagreementwith theratioof thecoil
lengths11.7. Theratio of eddy currentlosses,however,is about80, roughly7 times ashigh as
expectedfrom scalingby coil length, indicating,perhaps,differencesin intra-strandresistance
betweenthe cablesusedin thesetwo magnets,and, indeed,betweenmagnetsDCA31 1 and
DCA312.
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