
Current and temperature 

distributions in HTS coils 

with and without insulation 

in a layer -wound configuration

A. Musso 1, G. Angeli 2, M. Ascade 2, M. Bocchi 2, P. 

L. Ribani1, V. Rossi2, A. Valzasina 2 and M. Breschi 1

1Alma Mater Studiorum ðUniversità di Bologna, Italy
2RSES.p .A., Milan, Italy



1/15

Outline

ü Introduction

üExperimentalset-up

ü1-DThermalmodel

üComparisonof NIcoil andinsulatedcoil

ÁDependenceof the coil electrical parameterson the heater
currentandtemperature

ÁTemperaturedistribution in the layersof the two coils

üConclusions



2/15

Introduction

[1] A. Mussoet al., IEEETrans. on Appl. Supercond., vol. 31, no. 5 Feb. 2020.

ü Twolayer-woundHighTemperatureSuperconducting(HTS)coilsare realized,with and without
electricalinsulation [1].

ü Bothcoilsarewoundfrom the samelaminatedBSCCOtape, andhavea verysimilargeometry.

ü Chargingtestsareperformedin LN2 bath, until the tapecriticalcurrent isexceeded.

ü Aconstantheat input isappliedon both coils. Testsarerepeatedat different heat loads.

ü The signalsacquired at the ends of each layer are used to compare the electro-thermal
behaviorof the two coils,at the sametestingconditions.

ü Thetemperaturedistribution of the coilsisestimatedby meansof a 1-D thermal model.
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Experimental set-up

ü An AISI301 stainlesssteel tape is wound aroundeachmandrel,forming a homogeneousheater
layeron top of whichthe BSCCOtapeturnsarewound.

ü Thecoilsare instrumentedwith voltage taps at the endsof eachlayer and at the endsof the
heater winding preliminary tests are carriedout to obtain the ˊό¢ύfunction of the heater
material,then usedto indirectlyestimatethe heatertemperature(Th).

Tapename (BSCCO) High Strength Plus byAMSC

HTS tape thickness [µm] 300.0

HTS tape width [mm] 4.1

Inner radius of each HTS winding  [mm] 41.0

Number of HTS layers (NL) 3

Number of HTS turns per layer (NT) 10

Length of each layer of the NI coil [cm] 258.8 ; 260.6 ; 262.5

Length of each layer of the insulated coil [cm] 259.1 ; 261.4 ; 263.6

Ic and n-value of each layer with heater off(77 K) 109.5 A; 13.5

TAPEAND WINDINGS PARAMETERS

Winding phase for the (a) insulated and (b) NI coils.

(a) (b)
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ü Thechargingtestsareperformedin LN2 bath, exceedingthe critical current of eachlayer.

ü Theheater is suppliedwith a constantcurrent during tests (Ih). Thetests are repeatedfor both
coilsvaryingIh andthus the appliedheat load.

ü A specialdesignof the coil termination system is developed,which ensuresa separatepower
supplyfor the heaterlayerandthe HTSwinding.

Experimental set-up

Currentsupplyconnectionsystem
for the heaterand the HTScoil, in
(a) the CADdesignphaseand (b)
at the endof the windingphase.(a) (b)
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ü 1-Dapproximation: heat transferandtemperaturevariationsonlyoccurin the radialdirection.

ü The heat load propagatesin 2 opposite radial directions: HTSwinding (structure 1, s1) and G10
mandrel(structure2, s2).

ü Thethermalpowergenerationisgivenby the heater.

ü Stationarythermal conditions: the heatconductedthroughthe structure(qh) is setequalto the heat
transferredto the LN2 bath (qconv).

1-D Thermal model

Geometryand heat flows
of the insulated coil, as
representedin the model.
The radial thickness of
the whole winding is
much smaller than the
mandrelradius:

Cartesiancoordinatesare
used.

The stainless steel
laminated HTS tape
is representedin the
model with 3 sub-
layers:
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1-D Thermal model
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Á”Ὕ Ґresistivity-temperaturefunction for AISI301.
Áὥ = cross-sectionof the AISI301heatingtape.
ÁὮ= currentdensitysuppliedto the heater.
Áὔ = n° of heatedstructures(=2, the HTSwindingandthe G10).
Áὴ = perimeterof heatercross-section.
ÁὪ= fractionofὴ in contactwith the ith structure(=0.5).
ÁὝ= heatertemperature.
ÁὝ = temperatureof the externalsurfaceof the ith structure.

ÁὝ = LN2 temperature.
Áὼ= thicknessof the jth layerof the ith structure.

ÁὯ= thermalconductivityof the jth layerof the ith structure.

ÁὬ = heat transfercoefficientwith LN2 (functionofὝ -Ὕ ).

ü Theheat balanceequation isappliedat the heater:
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Implicit functionof the variableὝ:

qh_i

qconv_i

ü Non-linear temperature-dependentthermo-physicalpropertiesof the materialsare included
in the model: the problemissolvednumerically.



1-D Thermal model
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ü Theheat balanceequation isappliedat the heater:
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Implicit functionof the onlyvariableὝ:

qh_i

qconv_i

ü The heat transfer through the layersof each structure (HTSwinding and G10 mandrel) is
constant. Thetemperaturesof all separationsurfacescanbe computedin cascade,starting
from the innermostlayerof eachstructure.
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Comparison of NI coil and insulated coil
Dependence of the coil electrical parameters on the heater current and temperature 

ü Forboth coils,the innermostlayeradjacentto the heaterreachesthe criticalfield (i.e. 1 µV/cm)at
lower operatingcurrent (Ὅ ) than the outermostlayers,at the sameTh.

ü Theelectric field in the central layer of the NI coil increasesmore slowly with Ὅ , comparedto

the other layers,dueto inhomogeneouscurrent distribution betweenthe turnsof this layer[1].

Insulated coil NI coil

Electricfield profilesduringchargingtestscarriedout at different Ih, for the 3 layersof the (a) insulatedand(b)NIcoils.

(a) (b)

[1] A. Mussoet al., IEEETrans. on Appl. Supercond., vol. 31, no. 5 Feb. 2020.



ü Thecriticalcurrentof eachlayerisobtainedasthe valueof Iop correspondingto the critical field,
regardlessof the actualvalueof the current flowing in eachturn.

The Ic  and the n-valueshown are άŜŦŦŜŎǘƛǾŜέvalues, indicated as Ὅzand n-ὺὥὰόὩ.z
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Comparison of NI coil and insulated coil
Dependence of the coil electrical parameters on the heater current and temperature 

(a)Ὅᶻmeasuredin eachlayerof the two windingsand(b),Ὅᶻandn-ὺὥὰόὩᶻmeasuredin both coils,for different Ih andTh.

(a) (b)
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Comparison of NI coil and insulated coil
Dependence of the coil electrical parameters on the heater current and temperature 

(a) (b)

ü At similarTh values,the currentsuppliedto the heaters(Ih) differssubstantiallyfor the two coils:

with the same heat load, the insulated coil heats up more than the NI coil.

(a)Ὅᶻmeasuredin eachlayerof the two windingsand(b),Ὅᶻandn-ὺὥὰόὩᶻmeasuredin both coils,for different Ih andTh.
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Comparison of NI coil and insulated coil
Dependence of the coil electrical parameters on the heater current and temperature 

(a) (b)

ü For the insulated coil, the ╘╬
ᶻof each layer appears to decrease with decreasing the distance 

between the layer and the heater.

ü For the NI coil, the ╘╬
ᶻreduction appears less gradual: the central and outermost layers exhibit a 

similar behavior. This agrees with the results shown in [1], where no heat input was applied.

(a)Ὅᶻmeasuredin eachlayerof the two windingsand(b),Ὅᶻandn-ὺὥὰόὩᶻmeasuredin both coils,for different Ih andTh.



12/15

Comparison of NI coil and insulated coil
Dependence of the coil electrical parameters on the heater current and temperature 

(a) (b)

ü The Ὅzand n-ὺὥὰόὩozbtained across the whole coil length are close to those measured on their 
inner layers.

ü At the sameTh, the overallelectricalcharacteristicsof the two coilsare similar.

(a)Ὅᶻmeasuredin eachlayerof the two windingsand(b),Ὅᶻandn-ὺὥὰόὩᶻmeasuredin both coils,for different Ih andTh.
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Comparison of NI coil and insulated coil
Temperature distribution in the layers of the two coils

ü A goodagreementbetweenthe measuredandcomputedvaluesof Th is found.

ü The thermal model allows one to compute the temperature distribution for both coil
configurations.

Th asa functionof Ih determinedexperimentallyandwith the numericalmodelfor (a) the insulatedand(b) the NIcoils.

Insulated coil
(a) (b)

NI coil
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Comparison of NI coil and insulated coil
Temperature distribution in the layers of the two coils

Computedtemperaturedistributioninto (a) the insulatedand(b) the NIwindingsat different testingconditions

ü In the insulatedcoil, the presenceof insulationdifferentiatesthe temperaturesof the HTSlayers,
whichleadsto a gradualreductionof╘╬azpproachingthe heater.

ü In the NI coil, the 3 layershavea similar temperature the differencein their╘╬
ᶻdependson

the currentdistribution.

Insulated coil

(a) (b)

NI coil


