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HTS for +5 T (REBCO) 7 evcaro?

5T HTS (YBCO) stand-alone dipole  Cos-0 option for an HTS Roebel
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/C. Lorin et al., “Development of a Roebel-cable based

cos-theta dipole: design and windability of magnet ends”,

Block coil with lumped-twist

\ -
G. Kirby et al., “Design, construction and test of tape stacks

subscale coils with REBCO Roebel cable for the

EuCARD-2 Future Magnets project”, 2M-LS-02 J. Himbele et gl., “HTS dipole magnet for a particle
accelerator using a twist stack cable”, 2M-LS-02




Target performance 7 EucaRD’

Parameter R&D target Minimum
Je (4.2 K, 20 T) (A/mm2) @ | 400
Unit length (m) 100 50
o(l¢) (%) 10
M (1.5T, 10 mT/s) (mT) 300
MINIMUM Giransverse (MPa) 100
Range of Elongitudinal (%) +0.3

Target cable I- in the range of 10 kA




Material focus:
High J: (= 800 A/mm2) and steady

Improvement (BzO, stoichiometry control,
SC layer thickness, smaller substrate)

High mechanical strength substrate
Trivial coil technology (conductor
“ready-to-go”, no HT processing)
Available from several producers
worldwide

Homogeneity in Jz demands tight QA
High 155/J¢ cable to be developed
Sensitive to folding/twisting

Large magnetization when exposed
to perpendicular field

Compatibility with impregnation
Complex material production route,
high cost and short available length

REBCO

or

//EEARD

Bi- 2212

High J¢ (= 800 A/mm?2)
Magnetization control as for LTS
wires (fine filaments, twisting)
Cable as for LTS wires (Rutherford)
Production as for LTS (PIT) in long
lengths

Je stagnant since the result of OPHT
Low-strength wire matrix, modest

electro-mechanical properties
(degradation at 75 MPa ? C. Senatore et al.)

Requires OPHT at 890 °C, controlled
O, atmosphere at 0(100 bar)

Compatibility with insulation/structure
Single vendor, exotic precursor, cost







Cable options — 1/3 7 EuCARD’

IEEE/CSC SUPERCONDUCTIVITY NEWS FORUM (global edition) October 2014
Plenary Presentation 4PLA-01 given at ASC 2014, Charlotte, A§st 10-15, 2014.

Cables Performance ummary

Lo T i — CORC | TSTC | RSCCCT | Slotted CIC

. . - = o |

Conductor Bi-2212 REBCO REBCO REBCO  REBCO/P REBCO
IT

Tape utilization NA mid/high mid/high high high high

Scale-up easy hard possible easy easy easy

I, (kA) @4.2K 2.6 (s.) >2@8TL) 5(197) 5(127T) 3(127T) >2 (107T)

(possible >10 kA) >10(8T/) 4(19.77)

Joveral (A/mm?) 220 (s.f) 400 (10 T) 114(19T) 100(12T) 100(12T) ~40(10T)

@4.2K

O transverse,ave <50 >50 >300 <40 <30 NA

(MPa)

Slongitudinal (%) < 0.3 ~ 0.4 > 0.6 NA NA NA

Bending radius ~10 60 ~140 300 NA

(mm) (easy bend) (-2.5%) (-3.6%)

Comments Transposed  Transposed Partially Partially Partially Partially

transposed  transposed transposed transposed

EuCARD2, 2014

W, 2014 43

L. Chiesa, High-current HTS Cables for Magnet Applications, ASC 2014




Cable options — 2/3

Stacks

Twisted
Stacks

Helically
Twisted
Stacks

Conductor
on Round
Core

7 EUCARD?
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Roebel

(TST)

(HTST)

(CORC)

Je (A/mm?) ( 600 273 (@16T) | 100 (@127T) | 250 (@ 17 T) 0 (@ 10T.)
lop (A) ) 3...5 4 (@197) 10...20 7@ 177) 10 (@ 107)
e (%) as for tape unknown unknown +0.8 unknown

c (MPa) as for tape unknown unknown > 300 > 170




Cable options — 3/3 7 EuCARD?

EuUCARDZ2 Roebel dummy

« Compact cable, high J¢

« Transposed cable vs. transverse field

« Easy bending in the parallel direction

* Can be produced automatically on long
lengths (e.g. GCS)

* More than 50% of the material is lost

« Slit tape exposed to atmosphere

* No twisting (scribing not useful), large
magnetization expected

« Mechanical sensitivity at cross-overs

« Tensile behavior of cable is delicate

 Difficult bending in the transverse
direction



Baseline cable design

N

REBCO Tape

Tape width (before punching) (mm) 12

SC layer (um) 1.2

Cu layer (um) (2 x 20 B

Substrate (um) B0

Tape thickness (mm) 0.1...0.15

Critical current (4.2 K, 20 T perpendicular) (A) =670
Roebel cable

Number of tapes (-) 'm -

Width (mm) | —r

Thickness (mm) 0.8...1.2

Transposition pitch (mm) 226

Critical current (4.2 K, 20 T perpendicular) (kA) =>4.2

7 EUCARD?
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34 Workshop on
Accelerator
Magnets in HTS

Lyon, 10-11 September 2015

Allow for tape
slippage during
winding

—




Tapes

Tape production for EUCARD?2
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Approximately 250 m of 12 mm tape produced:

 all above minimum (400 A/mm?)
* most at target (600 A/mm?)
« some upto Jg (4.2 K, 18 T) = 800 A/mm?
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Master plot (C. Senatore, U. Geneva)
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A. Usoskin, 12mm wide HTS coated conductors
for high-field applications, 3A-WT-P-02

D. Abraimoy, et al., “Double disordered YBCO
coated conductors”, to appear in SUST, 2015




Homogeneity
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titute of Technology

Roebel cables ©nenallak gs(IT@mz

Total of = 140 m
produced/procured

Total of = 10 m
produced

15 BHTS tapes (0.14 mm), 5 m 15 BHTS tapes (0.14 mm), 2 m
Expected |- (4.2 K, 20 T) = 4.2 kKA Expected 1-(4.2 K, 20 T) = 5.1 KA

\w W. Goldacker et al, HTS-Roebel-cables in competition to the CORC approach,

paad 3M-WT-0O1



Punch-and-coat (

Standard Roebel A9 Soppes Punehes Bhe

production sequence l‘ .
Produce Cu-coated tape -ﬂ —
Punch meanders o
Assemble cable

Modified Roebel
production sequence

Produce Ag-capped tape

Punch meanders (less
than 5% I. degradation !)

Cu-coat (dog-boning !)
Assemble cable

7 EUCARD?
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2x20 um coating

Optimized
2x20 um coating




Magnetization 7 EucARD’

4.2 K, 400 mT 4.2 ... 100 K, 350 mT

<> Impregnated (CTD101G) UNIVERSITET
\j Roebel cable sample, 226 mm  TWENTE. Southampton

PR NumedalModel 71 T TR BT . As expected, the cable has large loss
£ 'O Calormetric easurement p and magnetic moment
é:z 1 chmg )t e . Penetr_ation field is o(1T)
7 o i+ Workin progress as to the
i:g 6 understanding and evaluation of field
ol 2 A I O 5 T, L 0.1 Hz{4.5IK{0‘(;iJelgj‘0§ quality in the various magnet design
10 0 +

APP"edF'e'd Amplitude[TI 3 Van Nugteren et al., “Measurement and Numerical Evaluation of
AC-Losses in a ReBCO Roebel Cable”, 2M-LS-02




Measurement in the
Measured Computed cable Press at the
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Red=thicker spots =>stress Grey =thinner spots =>no stress

Jerome Fleiter and Amalia Ballarino
EuCARD2 Annual Meeting http://indico.cern.ch/event/364085/

Reduced critical current
o o
P Io))

Benefit of impregnation

Ch. Barth =+-Cable 1 (impregnated)
4 0,2 -+-Cable 2 (impregnated) |
~o-Cable 3 (not impregnated)
0,0 % %
0 100 200 300 400

Transverse stress [MPa]

S. Otten et al., “Transverse loading experiments
on REBCO Roebel cables with and without
impregnation”, 2A-WT-P-03.05
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Conclusions and plan ¢ gvcaro

EuCARD2 WP10 (Future Magnets) provides a strong
focus to the development of HTS cables for large-
scale accelerator magnets

Focused on REBCO tape based Roebel cable

Tape production and procurements on-going

Cable samples ready for characterization

Most performance targets are within reach !

Critical steps in the next half term

Validate performance, and compare different materials
(configurations ?)

Compatibility with coil winding technology, including resin
Impregnation, and joints

QuenCh deteCtlon and prOteCtIOH (I?I) WAMHTS-3 (https://indico.cern.ch/event/396905/)
Magnetization effects and control
Production for magnet winding
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