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NewTypeSuperconductlngBulkMagnetbyPulse
●

FieldMagnetizingWithUsableSurfaceon
BothSidesinOpenSpace

HiroyukiFujishiro,AtsushiFujiwara,TatsuyaTateiwa,TetsuoOka,andHidemi Hayashi

Abstract-Anew･typeofmagnetsystemllSinghigh-Tcsupercon･
ductingbulbshasbeendeveloped,inwhichtwoalignedbulkdisks
arecooleddownfromthesidefacehythermalconductionandare
magnetizedalongthec-axisinturnemployingasplit-typepulse
coil.ThetemperatureriseATduetothemagneticAuxintrusion
isrelativelysmallandthetrappedGeldBTPisenl1anCedillCOm-
parisonwiththeconventionalbulkmagnetsystembasedonaso-
1enoid-typepulsecoil･BTP- 3･20TontheS-BaCuObulk
surfaceat50KandBimm - 1･97Tonthevacuumsheath,
4mmabovetheblllksurface,havebeenattained.Thistypeof
magnetsystem,Consistingofmulti-blllks,withusablesurfaceson
bothsidesinopenspace,CanberealizedonlybyllSeOfasplit･type
pu)SecoilandllaSapotentialfornewapplicationfields.

IndexTerms-Bulkmagnetsystem,high-Tcbulksupercon-
ductor,pulsefieldmagneti2:ing,splitcoil,temperaturerise,
trapped丘eld.

F
I.INTRODUCTION

ORTHEPRACTICALapplicationsofahigh-Tcsupercon-
ductingbulk,ahigh-streng也bulkmagnetinamagnetic

separationsystemforwastewateretc･isoneofぬetypicalmodels

H.Onmagnetizing血ebulk,a丘eldcooledmagnetizing(FCM)
hasbeenusuallyused.Recently,apulsefieldmagnetizing(PFM)
hasbeeninvestlgatedanddevelopedbecauseofacompactand

inexpensiveexperimentalsetup.ThetrappedfieldB吉byPFM
is,however,generallysmallerthanthatattainedbyFCMdueto

thelargetemperatureriseATduringthePFMprocess.Several
approacheshavebeenperformedinordertoreduceATand

enhanceBTPl2日5]･Veryrecently,wehaveattainedthetrapped
fieldofBTP - 4･47Tbythemodi丘edmulti-Pulsetechnique
combinedwithstepwisecooling(MMPSC)method,whichis血e

presenthighestvaluebyPFM l6].

Torealizeahigh-strengthbulkmagnet,ahigh-Tcbulkisusu-
allycooleddownbelowthesuperconductingtransitiontemper-

ature(Tc)alongthec-axisonthecoldstageoftheheliumre-
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frigeratorandthenmagnetizedalsoalongthec-axisusingaSO -

1enoid-typecoil.Inthissetup,onlyonebulkcanbeutilizedfor

onerefrigerator,andonlytheuppersurfaceofthebulkcanbe

utilizedasamagneticpoleinopenspace.Okaetal.constructed

amulti-bulkmagnetsystemconsistlngOf7bulksandattained

1.4Tatthecenterofpolesurfaceinopenspacel7].Thebulks
weremountedonthestainlesssteeldisk150mmindiameter

andwerecooleddownto67KusingaStirhngpulsetubecooler.
ThebulksweresimultaneouslymagnetizedbyFCMfrom5T

usingaCryOCOOledsupefCOnductingmagnetwithbore300mm

indiameter.Inasimilarsetup,ltisverydifGculttomagnetize

themulti-bulksbyPFMatatimebecauseof血eproblemsof

themechanicalstrengthofthesupportingPartSandcapacityOf

thepowersupply.Ifamagnetsystemconsistingofmulti-bulks

couldbeeasilyrealizedbysuccessivePFM,anew丘eldofin -
dustrialapplicationshoulddevelop.

Inthispaper,weproposeandtestanew-typeofthehigh-Tc

bulkmagnetsystem,inwhichtwobulkdisksaremountedand

cooleddownfromthesidefacealongtheab-plane,andaremag-

netizedintumbyPFM alongthec-axisusingaSPlit-typepulse

coil.Wecaneffectivelyusebothsurfacesofeachbulkasmag-

neticpolesinopenspace,whichmaybeagreatmerit･Wecom-

parewiththeresultsofaconventional-typebulkmagnetsystem,
wherethebulkiscooleddownalongthec-axisandmagnetized

byPFMusingaSOlenoid-typepulsecoil･

II.ExpERIMENTALPROCEDURE

Highlyc-axisorientedSmBaCuOandYBaCuObulkdisks

(byDownMiningCo.,Ltd.)46mmindiameterand15rrLmin
thicknesswereusedinthisstudyl5].Thec-axiswasperpendic-

ulartothedisksurface･Thebulkwasuniformlyimpregnated

withepoxyresininvacuum,andtheepoxyresinlayersonthe

bulksurfacewereremovedinordertopromotethethermalre-

sponse･Fig･1showstheexperimentalsetuparoundthebulks･

Twobulkdisksweretightlyfastenedwiththebrass-metalbulk
holderfromthesidefaceandthebrassholderwasattachedto

thecoldstageofaGiffordMcMal10n(GM)cycleheliumre-

frigerator(AlSIN,GRIO3).Thiscoolingprocedureisexpected

toreducethecoolingtilneand也erecovenngtimeOftemper-

atureaftertheheatgenerationbyPFM,becausetheab-plan e

themalconductivityfCabismuchhigherthanthec-axisfCcl8].

Theadiabaticvacuumcellwasofsheathshapewithtwopar-
allelsurfacessituated4mmaboveeachbulksurface.Theimitial

temperatureofthecoldstageTswasfixedat50Kbeforeevery
pulseapplication･ThetimeevolutionoftemperaturesTl-T3
andthelocal丘eldBL(C)ontheSmBaCuObulkandT4on
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FIB1TheexpenmentalsetuparoundtheSmBaCuOandYBaCuObulks
andthespltHypecolt("parallel-sheath-type"system)･Theposil10nSforthe
temperature(Tト T4)andtrappedfield(BL(C)lmeasurementsonthesurface
ofthebulksateshown

theYBaCuObulkweremonltOredusingthe丘nechromel-con-

stantanthemocouplesandtheHallsensor(F.W.Bell,Model
BftA921)adheredintherespectiveplaces.Thebulksweremag-

netizeduslngthesplit-typepulsecoildippedinliquidN2･A
setofsoftironyokeswaslocatedatthecenterof山espliHype
coil.Therisetimeofthepulsefieldwasabout20ms.The

strengthoftheapplied点eLdB｡.TWasdeterminedfromthecur-
rentRowingthroughthecoil,whichrangedfrom3.83Tto6.41

T,ThetrappednelddistributionB阜mm,4mm abovethebulk
surface,wasmonitoredusinganaxial-typeHallsensor,which

wasscannedonthevacuumsheathstepwISeW仙 apitchofl･O
mm･AftermagnetizingtheSmBaCuObulk,thespliHypecoil
wasmovedparallelandtheYBaCuObulkwasmagnetized.

Hereafter,weabbreviate山istypeofnewmagnetsystemasa
"parallel-sheath-type".Forcomparison,wealSomagnetizedthe
SmBaCuObulkatT5-50KforvariousBexuslngaSOle-
noid-typepulsecoil,asshownintheinsetofFig.3,andmea-

suredTl(i),T2(i)aridthetrappedfieldBT(C)IWeabbreviate
themagnetsystememploylngthesolenoidcoilasa"cofnJen-
lE-onal-type"

lH.RESULTSANDDISCUSSION

Figs･2(a)and2(b)Showthetimeevolutionsoftemperatures

Tl(i)～ T4(i)andlocalfieldBL(C)(i)afterapplyiTlgthe
pulse丘eldof4･57Tand6･09Tto山eSmBaCuObulk,respec-

tively･TheInsetOfeachagureshowsthedistributionofBimm
ltcanbeseenthatthemaximumtemperaturerise△Tmax,the

timeevolutionoftemperature,andtheB喜mmproBlechangede-
pendlngOntheBexvalue･hFig･2(a)forBe又-4･57T,Tl(i)
andT3(i)riseupsharplywithacharacteristlCpeakati-2s
andthenrapidlydecreasetofinauyreturntoTs～50Kin10

Tn･Ontheotherhand,T2(i)increasesmoderatelyTherapid
nseandsharppeakinTl(i)andT3(i)suggesHhattheintense

heatgenerationduetothePininglossQpandtheviscousloss
Q､takesplacelnthevICinltyOfthesepositionsandthatthere

existsaneasypathforthefluxmotionduetorelativelyweaker

pi-ingforceF,･TheBL(C)(i)quicklysaturateswlthin02S,
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Flg.3TtletlmeeVOlut10nSOftemperaturesTlandT2oFtheSmBa(luObulk
afterapplying(hepulse鮎IdoF470Tand609TuslngtheHco"ve/LT10/Zal-We'
bulkmagnetsystemTheexperimentalsetuparouJldthebulkandthearrange-
mentofthesolenoid-typemagnetareshownintheInset

andthetrappedfieldB言(-BL(i- ∞))atthebulkcenter
lS2.75T,InFig.2(b)forBex- 6.09T,Tl(i),T2(i)and
T3(i)allriseupfasterwithacLearpeakandthetemperature
riseincreases･△TmaxincreaseswlthincreaslngBe.tandthe
spatialdisthbutionoftheheatgenerationandtheB阜mmdis-
tributionchangedependlngOnBex･B言is3･10TT4(舌)onthe
YBaCuObulkincreasesveryslowly.△Tma､InT41SaboutI
KforSex-4･70TandslightlyincreasesWithincreasingBe.T,
ApartoftheheatgeneratedlntheSmBaCuObulktransfersto

theneighbonngYBaCuOthroughthebrass-metalholder,

Usingtheucom,entLOnaL-type"bulkmagnetsystem,wemea-
suredthetimeevolutionoftemperaturesandtrappedfieldofthe
presentSmBaCuObulkatTs-50KforvariousBe={.FIE3
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Fig.5.T4(士)ontheYBaCllObulkandTl(i)-T3(i)andBL(C)(i)on
SmBaCuObulkafterapplyiTlgBe又- ･5･42TtotheYBaCuObulkThe
SmBaCuObulkhasalreadybeenmagnetizedbyBex-6.09TandtheB妄=
2.90Thasbeentrappedatthebu一kcenter.

Fig4.(a)Thetrapped負eldB;and(b)themaximumtemperaturerisedTmax
atthecenteroftheSmBa.C110bulkasafunctionoftheappliedGeldBexusing
the"parallel-sheath一昨e"andthe"conventional-りワe"bulkmagnetsystems･

showstheresultsforTl(i),T2(i)andBL(C)(i)afterapplying
ぶex-4.70Tand6.09T.Itshouldbenoticedthatthetimeevo-

lutionsoftemperatureTl(i),T2(i)arequitedifferentforthe
"pwallel-sheath-type"system;afterrisinguptothemaximum
value,血edecayoftemperatureismoremoderateand△㌫naxis
larger.Theseresultsmaymainlycomefromthedifferenceinthe

coolingdirectionforthebulk;血epropagatingspeedof血egen-

eratedheatintheab-planeismuchhigherthanthattowardthe

c-axisl8].Thegeneratedheatspreadsinthehigh-thermal-dif-

fusiveab-planeandmorerapidlytransferstothebrassholder
inthe"parallel-sheath-type"system.Ontheotherhand,inthe
"conventional-ら,pe"system,thegeneratedheataowsoutalong

thelow-thermal-diffusive(C-ax･is)direction.Wereportedtheef-

fectofthestainlesssteelringsettingontothehigh-Tcbulkdisk
onB貫and△TduringPFM l4].Theringactsa-saheatreser-
voirandapartofgeneratedheatinthebulktransferstothering.

As aresult,△TinthebulkdecreasedandB妄wasenl.anced･In
the"patlallel-sheath-りpeHsystem,asshowninFig.1,thebrass
bulkholderalsoactsasaneffectiveheatreservoir.

Figs･4(a)and4(b)comparethetrapped丘eldB写andthemax-
imumtemperaturerise△TmaxatthecenteroftheSmBaCuO
bulkasafunctionoftheappliedfieldBe又fortheHparallel-
sheath-りワe"andthe"conventional-りpe"bulkmagnetsystem･

InFig･4(a),forthe"parallel-sheath-ち,pensystem,BTPincreases
withincreasing丘exupto6･09Tandthendecreasesforβe又-
6AIT･Ontheotherhand,inthe"conventional-gpe"systems,

B貢takesamaximumatBex-4･70Tandthendecreaseswith
thefurtherincreaseofBex･B妄forthe"parallel-sheath-りpeH
systemisalwayslargerthanthatforthe"conventional-ちpe"one

anddoesnotshowasaturationtendencyuptoBen-6109T･
InFig･4(b),△TmaxincreaseswithincreasingBexforbothsys-

tems･However,the△Tmaxvalueforthe"pwallel-sheath-ちpe"
systemisalwayssmallerthanthatfortheuconventional-りワe"

0

Fig･6･Thetrapped鮎lddistributionBimmobtainedbythe"parallel-sheath-
ope"bulkmagnetsystem.AfterapplyingtheBex-6･09TtotheSmBaClユO
b山k,thesplit-typecoilwasmovedparallelandthepulse丘eldofBex=5･42T
wasappliedtotheYBa.ClユObulkatT,=50K.

system.Theseresultssuggestthattheeffectoftheheatreser-

voirofthebrassholderisslgni丘cantand,resultantly,△Tmax
decreasesandB写increases,incomparisonwiththeHconven-
tional-type"system.
Byuseofthe"parallel-sheath-ore"system,weperformed
thePFM proceduresfortwobulkssequentially;at丘rst,the

SmBaCuObulkwasmagnetizedbyBex- 6109Tat50
K andthenthesplit-typecoilwasmovedparalleltoward

theYBaCuObulkandthemagnetic丘eldofBe又- 5･42T
wasappliedtotheYBaC｡Obulk.Fig.5presentsT4(i)oi

theYBaCuObulkandTl(i)-T3(i)andBL(C)(i)onthe

SmBaCuObulkafterapplyingthepulsefield･T4(i)sharply

increases(△Tm--17K),takesamaxiTumati-3Sand
thendecreases･Tl(i)-T3(i)graduallyIncreaseby2-3K･
ItshouldbenotedthattheBL(C)(i)oftheSmBaCuObulk
slightlydecreasesafterapplyingthepulse丘eldモo血eYBaC110

bdkduetothesmalltemperatureriseintheSmBaC-ユObulk･

Theseresultssuggestthat血ereisalmostnodeteriorationof

B看trappedontheneighboringbu比inthepresentcasewith
the61rna distancebetweenthecentersoftwohulks.Fig.6

showsthetrapped丘elddistributionofB阜mminthiscase･We
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Fig.7･ThelinescaJIPrOalesoftheB阜mmvaluealongthedirectionthrough
thebulkcenteronboth"front"and"back"surfaces.

canconfirmtheconicalB阜mmproGlesforbothbulks･The
maximumBimmvalueisl･97Tandl･49TfortheSmBaCuO
andYBaCuObulk,respectively.ThesmallerBimmvalue
intheYBaCuObulkcomesfromthelowerJcvalueofthis
bulk【5].

Fig.7showsthelinescanpro丘lesofmeβ阜mmvaluealong
thedirectionthrough thebulkcentersonbothsurfacesofthe

vacuumsheath･lnthis丘gure,"front"meansthesamplesurface
sideonwhichtheseedcrystalwasattachedduringthecrystal

growthand"back"meanstheoppositeside.Theverysimilar

Bimmprofilescanbeseenonbothsurfacesinopenspace.
However,theBimmvalueonthe"front"surfaceisalittlebit
largerthanthatonthe"back"Surfaceduetothedifferenceof

crystallinepropertyofthesuperconductingbulk.

IV.CoNCLUSION

Anew-typeofmagnetsystem consistlngOftwohigh-Tc

hulks,namedas"parallel-sheath-type",withusablesurface

onbothsidesinopenspace,hasbeenrealizedemployinga

split-typepulsemagnet･Inthe"parallel-sheath-typeMmagnet

system,thetemperatureriseATduetothemagneticfhxin-

trusionisrelativelysmal1andthetrappedBeldBTPisenl1anCed

1083

comparedwiththe"conventional-07PeMbulkmagnetsystem

basedonasolenoid-typepulsecoil.B; - 3･20Tonthe
SmBaCuObulksu血ceat50Kandβ喜mm- 1･97Tonthe
vacuum sheathinopenspacehavebeenaぬined･Thistype

ofmagnetsystem consistlngOfmuユti-bulkscanberealized

onlybythePFM techniq-ユeuSlngaSpliトーypepulsecoiland

hasapotentialfornewapplication丘elds･Theextensionofthe

"parallel-sheath-gpe"systemtomorethan 3bulksispossible
withoutseriousdifaculty.
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