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Introduction

U Insulatedcoils shouldbe wound usingtapeshavinguniform electric properties, and purchasedn
long lengthsto reducethe numberof resistivejoints === high costsof the material

U No-insulation (NI) coilscanwork properlyevenin the presenceof defectsalongthe tape length:
possiblecost reductionof the superconducting device.

U In the scientific community, Defectlrrelevant windings (DIW [1]) are presentedwith different
perspectivesasa new windingtechniqueor asanintrinsicfeature of the existingNItechnigue

U Thiswork analyzesa singlepancakeNI High TemperatureSuperconductingHTS coil realizedwith
multiple joints, intentionallyinsertedbetweendifferent tape lengthsbefore the windingphase

U Chargedischarge cycles are performed at different ramp-rates. The tests are carried out In
conductioncooling at temperaturesbetween4.7 Kand80 K.

U Anequivalentlumped parametercircuit is usedto retrievethe effectivecoil parameters
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Experimental seup
“MTZT Superconducting joints

U ASuNAMSCNA4150tape is selectedfor this work. Thecritical current variationsalongthe total
conductorlengthutilizedin this work is below 1.5% == gooduniformity.

U Thetapelot iscutinto four segments re-jointed togetherapplyingalap joint procedure
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Oneofthelapjoint realized Criticalcurrentalong the tape lot usedin

the study, providedby the manufacturer
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Experimental seup
Superconducting joints

U The resistanceof the three joints is measuredbefore the winding phase and after the coil
disassemblyin liquid nitrogenenvironment

U Oneof the joints resultsdamagedduring the tests (r = 157.3 yK). If this damagedsectionwere
Introducedinto aninsulatedcoll, it would requireto substitutea sectionor the entire winding

TAPEANDWINDINGPARAMETERS

Tape width ; thicknesfnm] 4.1:0.145
Tapel, ; n-value (at77 K ands.f) 255.4 A: 46
Coili.d. ; o.dmm] 40.1;53.4
Number of layers 46

Total conductor lengtHm] 6.71

Length of #; 2nd: 3djoint [cm] 4.0:6.0:8.0
Location of §; 2nd: 39 joint (along the conductofm] 1.97 : 3.36:5.74

Resistance of L 2n9; 39 joint before windingdk K1 OY 6 7.0:9.0: 7.3

Resistance of s, 29; 39 joint after disassemblyd k Ki O Y38 : - 1258.8

Setup for the measurementat 77 K of the
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Experimental seup
TrZ) Winding and instrumentation phases

U Thetapeiswoundin asinglepancakeconfigurationandconnectedto the powersupply

U A Hallsensoris placedinsidethe winding bore to measurethe magneticfield. A pair of voltage
tapsare placedat the coil ends,to acquirethe voltagesignal(e ) duringthe test phase

U Thecoil is connectedto the 2"d stageof a GM crycoolem=) the tests are performedat different
temperatures(4.7 Kto 80K).

2d cyrrent lead Thermal connection plate

' - ™ : -‘z ; - 7
Signal wires 1 » Cryocooler =
y l m \- o s 21d stage .
]’ - | Cryocooler :i.;:‘ . , S -
: ] 15t stage ; 1 .
Schemef the joints locationwithin the coil. Lowerview of the test coil. Setup for the coil connectionswith the cryogenic
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Coll tests ﬁ
Chargedischarge cycles P s

U Consecutiveehargedischargetests are performed, increasingthe ramp-rate (0.1 A/s, 0.5 A/s, 1
Als,2 Alsand5 Als)up to the samepeakcurrent(l,, 4= 70A). Thetemperatureis varied

U TheNIlcoilworksproperlyandit canbe chargedand dischargedsafelyup to ratesof 5 A/s.
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Chargedischarge cycles s PN

U Themagneticfield appearsconstantwith temperatureand proportionalto the currentsupplied,
a signthat the coil is performing well, notwithstandingthe presenceof defects

U Howeverthe field resultslower (~<16.5%) than the one estimatedanalyticallyfor a coil without
defects The difference might be due to the presence of damaged sections or small
misalignmentsn sensormpositioning
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Equivalent circuit

U The coil effective parametersat different temperaturesare comparedby meansof a simple
equivalent lumped parameter circuit. The circuit parametersare effective values, since they

describethe macroscopicoil behavior

U Theyare computedat a specifictime instantt,, whenthe operatingcurrent(l,,) equalsl,, ,,and
the steadystate conditionsare reached Thecircuitcanbe simplifiedand solvedanalytically.
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l 0 'O andO arethe currentsflowinglongitudinallyandradiallytroughthe coil.
'Y  accountdfor the SQresistanceandthe resistanceof the defectiveareas
Y

isthe turn-to-turn resistanceof the coil.

T isthe coil characteristidime (determinedfrom the rapid dischargédests)
U isthe coilinductance computedanalyticallyandtakenequalto 150.6 pH.

Equivalent lumped parameter

circuitfor a Nl pancakewoundcoil.
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Equivalent circuit
Temperature dependence of the coil parametetd:

U Inorderto solvethe equivalentcircuit, _ is determinedfrom the fitting of the voltagemeasured
duringthe currentdump.

U _ decreasesinearly with increasingthe temperature, from 832msat 4.7 K,to 259msat 80K
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Current and voltage profiles during the rapid discharge tests at 70 K
with a ramprate of 0.1 A/s.
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