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Design description Coupling current loss

Symbol Description

e Kirchhoff's current law:

0
Width of the strand’s slot k Y 1=0 for every node

(Wldth of the tap €) , » Kirchhoff's voltage law:
Height of the strand’s slot k Y U = AU for every circuit,
Number of tapes in the strand > - where AU due to the Faraday’s law

Solder
TWISt-pltCh of the strand Stack of HTS tapes 3 e Current conservation:

Diameter of the strand | | | ;I;ik = Iy

W Qstrand Qhyst + Qintra, where
General formula for electrical-circuit

Qnyst — hysteresis loss in stacks models (Campbell'82):
Qintra — intra-strand coupling loss B2

AT’ NTV
Qcoupling —

210 71 +4n212y?

[J/m/cycle]

n — shape factor, 7 — time constant

Description P=B*Sntiyy, [W/m] ifv<l/t

Number of strands in the cable
Thickness of the cable core
Width of the flat part of core
Twist-angle of the cable
Twist-pitch of the cable - T S=nD?/4,  n=0.2320

W S 7 and 1 are the only unknowns ...

p1 [s/mm]  0.2824
—-1.0968

p ps+ps 1 p2 [s]
G owenlef] el ] )] n v
| 7 5 p4 = .
- Qcable ~ N Qstrand + Qinter, where , ps [-] 0.0226
d=Vw?*+t? Ps [-] 1.4430

Qinter — inter-strand coupling loss

e
-
-

e
o)

Hysteresis loss in the stack of tapes

— Hysteresis loss
— Intra-strand loss
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Energy loss Q, J/m/cycle
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L minimization

W [ntra-strand coupling loss is = 80 % of the total loss
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/I x = fcos*0,/(g+2D)

Q= fP(t)dt in general, oralso Q medBa if Iy =0 {no

f+g)0'434(1 8.283)(1 0.773)
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— Hysteresis loss
—— Intra-strand loss
40 |1 Inter-strand loss
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Energy loss Q, J/m/cycle
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— Qcable analytical
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Next prototypes

Cable Round

width of tape, mm 4.8
SuperPower stacks: T =5K, B, =10+ 1T strand diameter, mm 10.0
‘ ‘ ‘ number of tapes per strand 42

@ 4 mm wide tape annealing of copper profiles No

@ 3 mm wide tape number of strands 6
thickness of core, mm 10
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—— VSM tests
- - - Numerical model
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e major loop: ZFC—-6—--1—-1—-0T cable space, mm?
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A’;alytlcal B,=02T,B=2T, T =5K B,=0.2T,B=2T, T =5K

minor loop: 2 -25—-15—-25—-2T
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Energy loss per tape, J/m/cycle
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Moment per unit length per tape m/n;, A‘-m

typical ITER CS
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Energy loss, J/m/cycle
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Qmawatari — chchoo (Ba/ch 2vim LU)
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(oo(X, a) = 612[ (x—2€)ln(1+ B,
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v Significant loss reduction is expected for the new prototypes, meant for CS coils




