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1. Introduction This paper reports a bypasscurrent behavior on the cross 4. Simulation Results
sectionof a No-Insulation(NIl) REBCO pancakecoil. The NI winding technigueenhanceshe
thermalstability and currentdensityof the NI REBCO coll, ascomparedwith a conventional CurrentDensityDistribution
turn-to-turn insulatedcoill, becauseahe operatingcurrentcanflow into adjacentturnswhena
local normatstatespotappearan the NI REBCO coll. The high stability of the NI REBCO
coll is confirmed by experimentand simulation However, others have targeted the
performanceevaluationof the whole NI REBCO coil. To realize the effective use of NI
winding technique,it is desiredto elucidatethe turn-to-turn bypasscurrentbehaviorfrom a
local view of NI REBCOcall, e.g. the turn-to-turn contactresistancexndthe copperstabilizer
thickness To investigatesuchbehaviorsthe bypasscurrentbehavioron the crosssectionof NI

REBCO coll is simulatedusing 2-D FEM. Then, various contact resistivity values and
stabilizerthicknessesireemployedto the simulationmodelto investigatethe influenceof the

Thesimulation is carried out on various contact surfassstivities .= 104to
10* m\AEnY and three kinds of copper stabilizer thickness, 10, 20, anti40
respectively

copperstabilizerthicknesson the currentbehavior From the simulationresults,the current _ _ _ Fig. 5. The normalized current density on the
behaviorin different contactresistivity valuesis shown In addition, from theseresults,the Fig. 4. The normalizedcurrentdensityon theturn- ¢,y to-turn the contact surface with copper
influenceof the copperstabilizerthicknesson Jouleheatinggeneratioris alsopresented to-turn the contact surface In 20 MM COPPEr gigpilizer thicknesses of 10, 20, 40 mm, Wit
stabilizerthickness 102 mW-cn.
r==" j A E EEEEEEEEEEEEENEENEEENEEEEEEFEEEEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEDNED

2. Simulation Model

Coil-RadialContactResistivity

Fig. 1(g shows the schemattirawing of an NI
REBCO pancakeoill. This coil is wound with a (a)

REBCO tape $uperPowe2G HTS tapdl]) A/
using the Nlitechnigue.
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Thecoll-radial contact resistivity, is obtained as
follows:

Qu/V =1 (3)
V3w/I312=r, (4)

Copper

Superconductoil
(REBCO)

Fig. 1(b) shows the schematic view of cross
section of an NI REBCO coil. That is
simulation model.

Fig. 2 Currentdensitydistributionat 7, =
(a) 104 and (b) 10* mW:-cn¥ in a copper

Hastelloy Fig. 3. The current distributions with a

copperstabilizerthicknessof 10, 20, and

Fig. 1. (a) Th& schematic drawing of an N/  Stabilizer thicknessof 20 mm. Only the . e

S A0 mm, with 7= 10=. _ oL
REBCO pancake coil. (b) The schematic. Onequarter top of the cross section Is Fig. 6. The contactresistivity 7, versusthe
TABLE | view of cross section of NI REBCO coil. | Visualized coil-radial contact resistivity .  with

differentcopperstabilizerthicknesses
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The simulation model i1s the three cross JouleHeatLoss

Parameters Values
Tape width {mm 0 s_ectlo_nsof REBCO tape allg_nnjg_ side by Cu:10s m Cu:20s m Cu:40s m
o sidewith voluntarycontactresistivity Three 102 10° 10°
Copper stabilizer thicknessrp] 100,200,499 kinds of copperstabilizerthicknessare used o | 1os | 0 |
Superconductor thicknesstf] 1.0 for simulationmodels Theseare10, 20,and | — | T 100 | T 106 |
Superconductor widttnin] 0.1 40 nm thickness,respectively Using these | = § 8 g .
Hastelloy thicknessin] 50.0 simulation models, detailed behavior of | o *° & 1010 o T P '
- turn-to-turn currentand thermal stability in 1010} 1070 10
copperfessivy @ iR E e m . the various copper stabilizer thicknessare 1012 - - - ' 1021 - - - 1072 - - -
o _ _ _ 104 102 0 102 10% 104 102 0] 102 10 104 102 0 102 104
Hastelloy resistivityiigq L ¢ m] 125.0 mvestlgated MW r [MAEN?] r [mAE?]
[1] http://www.superpowemc.com/content/2dnts-wire (@) (b) (c)
- = o Ql & Q2 Q3 > Qctl > Qct2 - Qtotal
3. Simulation Method . . . .
Fig. 7. The relation of the heatdensityper unit length of everyturn andthe contactsurfaceby the (a) 10-, (b) 20-, (¢) 40-mm

copperstabilizerthicknessrespectively

To simulate the current flow between two or three adjacent turns;EhEEM Is used.

The governing equation in the simulation is as follows:
s 104"
= (1) _ . . . .
D C‘E‘Dj O § 100} /It IS possibleto enhancdhe currentdensityof the NI REBCOcaoll regardleg
= // of the copper stabilizer thicknessfrom a viewpoint of bypassingcurrent
wheres and; aretheelectricalconductivityandthe scalarpotential,respectivelyOn 107 7,/ behaviorin crosssectionsimulation
g;gst?irc‘:géil:g;ziﬂggsn'\ils' ;\'/EeBan;) tapes,the doublenodesmethod] Is used The ool | However,sincethe copperstabilizer thicknessaffects circumferentialheat
o [(rgn\Ame] o diffusion, it Is necessaryo decidethe copperstabilizerthicknessconsidering Fig. 9. The current density distribution

/ - / S rCtJCt (2) Fig. 8. The comparison of total heatdensity.thethermalcondltlon / of theHastelloysubstrate in the 20m

the three kinds of copper stabilizer thickness. ?;)plpgl ;:]adbé ;;elr@tm(it\(lr:]rergs wheg are

where/ |, / ., ', andJ, are the scalar potential on the left turasd right turns on _
the contact surface, the tutorturn contact surface resistivity, and the current densit’ 5. Conclusion The NI winding techniguegor REBCO pancakecoll is expectedor enhancinghe thermalstability andthe currentdensit

from the turn to r, respectivelyln the simulation, the current per unit length from th> In termsof applyingto NMR, MRI, and acceleratomapplications Therefore,it is necessaryo investigatethe crosssectionalstructureof the REBCO tapefeasiblefor the N
left to the right turn in the REBCO coill is set to 1.0 A/¢mthe Fig. 1 (b), winding technigueln this paperwe showedhe bypasscurrentbehaviorandthe joule heatlossthroughthe simulation Whencontactresistivity is enoughlarge,coll-radialconta
superconducting layer has a normal state condition. Current flow from the left turr toresistivity is dominatedoy contactresistivity. In addition,in eachcopperstabilizerthicknessjnfluencethemon joule heatis sosmall It is possiblethatcopperstabilizerthicknes
the right turn through the center turn in the Bigb). In the simulation, using various | can be attenuatedand currentdensityof NI REBCO coil canincrease However,sincethe copperstabilizerthicknesshasa function that it resorband radiatethe heat, it |
contact resistivity, current flow and joule heat are calculated necessarm considenhebalanceof its thicknessandfunction

In the future study, we simulate heat conduction in each copper stabilizer thickness to investigate the influence it®timekodssg and radiating the heat.




