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Stacked-tape cabling concept for fusion
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Test of the full-size prototypes

y E(T ) = E0

(
T

Tcs

)m
, where Tcs – current sharing temperature:
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• High temperature margin even at
high I /Ic ratio
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B Cycling test:
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• Tcs drop after warm-up-cool-down
and electromagnetic cycling

• The phenomenon is investigated
at the strand and cable stages . . .
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Cyclic loading on single strands
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y Annealing of the copper profiles might be at the origin of the degradation
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non-annealed copper

pmax: 10 MPa 20 MPa 30 MPa 40 MPa

y Annealing of the copper profiles might be at the origin of the degradation

. . . what about cable stage?
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Experimental assembly

V1 (10 cm)
V2 (20 cm)
V3 (30 cm)
V4 (40 cm)

8 cm 45 cm 8 cmtape #1
tape #2
tape #3
tape #4copper profile

cut

• Tape cuts – a limit case of the defect – are introduced in the second, third
and fourth tapes of the stack

• V − I transitions are measured at 77 K after assembling every next tape

• Impact of the terminals on current distribution between the tapes is
reduced by using the staggered-type connection
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Results
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• Only one tape assembled:
E1 = E2 = E3 = E4,
Ic = 168±1A

• More tapes assembled:
V1 =V2 =V3 =V4, i.e. E is
lower for longer regions
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• Slow increase of Ic with
the number of tapes

• Low n results in a stable
thermal behavior at I > Ic

• Strand Ic overestimates∑
I

tape
c if n is low!
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Disassembly of the SuperOx leg

Removing steel jacket and copper terminals:

y fractures were found in the high field region and in 3 cases out of 4 are located at the cable edges
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Removing steel jacket and copper terminals:

y fractures were found in the high field region and in 3 cases out of 4 are located at the cable edges

Top termination:

y
strand Ic measurements directly on the cable were not
possible due to current sharing among the strands

Extracted strands:
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Ic retention of extracted strands
EDIPO high field zone
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Flat ’unloaded’ 0.96±0.04
Flat ’loaded’ 0.89±0.11
Edge 1 0.84±0.14
Edge 2 0.83±0.14

7 strand sections were cut (see ×) and
tapes were extracted for further tests . . .

• Before the test in EDIPO variation of Ic along each
strand was within 1 % (measured at 77 K)

• Average transverse loading is small (< 20MPa), but
local stress concentrations are possible due to
imperfections of the strand cross-sections

• The largest Ic reduction is located at the cable edges
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Ic retention of extracted tapes
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as purchased
after extraction • For each stack there are at least several

tapes with Ic not exceeding 1 A

• In many cases such high degradation
was localized within few millimeters

• However, Ic of every fifth tape still hits
the initial specifications

Damage investigations in the HTS cable prototype after the cycling test in EDIPO Nikolay Bykovsky, EPFL Swiss Plasma Center

8/10



Outline

1 Introduction

2 Embedded defects in strand

3 Distribution of damages in cable

4 Outlook & conclusion



Introduction Embedded defects in strand Distribution of damages in cable Outlook & conclusion

Outlook: prototypes for CS coils
Cable Round Flat

width of tape, mm 4.8 3.3
strand diameter, mm 10.0 7.0
number of tapes per strand 42 28
annealing of copper profiles No Yes
number of strands 6 12
thickness of core, mm 10 5

cable space, mm2 710 750

• Strand bending radius at the cable
edge is significantly increased

• Effect of copper annealing will be
further investigated in SULTAN

• Design target – 53 kA at 18 T – corresponds to
≈ 88kA for the test in SULTAN at 10.9 T

• AC loss is significantly reduced compared
with the first prototypes

• Quench protection requirement is fulfilled
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Conclusion

• Results reported over the cable stage suggest that the strand bending radius at
the cable edge should be increased.

• A broad range of the Ic retention measured at 77 K – from 45 % to 100 % for the
strands and from 1 % to 100 % for the tapes – is not fully clarified and requires
further investigations.

• Manufacturing and test of the next prototypes rated for 53 kA at 18 T is planned
at the Swiss Plasma Center. In order to avoid the cyclic load degradation, both
measures – increasing the strand bending radius at the cable edge and use of
copper annealing – are addressed during the design study of the prototypes.

Thank you for your attention!
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