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Statement: 

 

RACC – cables from KIT:  

 

Key competence and topic for a couple of very different 

projects (Fusion magnets, motors, generators,....) 

 

Under steady development with all available CC materials 

since they continuously change in performance 

 

Special challenge for EuCARD-II is strong correlation of 

cable and magnet design 
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• Coated Conductor material, Overview and Specifications 

• Roebel production technology  

• Status and performance at IRL and KIT 

• Mechanical properties of Roebel cable 

• Current anisotropy, self field, field distribution 

• Windings with Roebel cables 

• Properties at 4K and high field 

• Option striated CC 

• Discussions: Current enhancement parameters and 

extrapolations 
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Coated Conductor material (overview and evaluation)   

SuperPower:  (MOCVD, MgO buffer) Standard for Roebelcables 

• width: 12, 6, 4 mm  commercial length 200 m (shorter lengths pref.) 

• Currents: > 300 A/cm-width, high field APC version, 2D Roebel version 

• Stabilisation  Ag 1-2, Cu 20 micron, on request more ! 

• Substrate: Hastelloy high strength (> 700 MPa  tensile strength) 

• Strand punching perfect, no delamination ! 

AMSC:  (CSD on Rabits) 

• width: 12, 4.8 mm  commercial length   >200 m ?? 

• Currents: > 200 A/cm-width, APC, magnetic substrate (NiW) 

• Stabilisation  laminated  50+ micron (?) Cu  (or steel) 

• Substrate: NiW (150 MPa  tensile strength) 

• Strand punching  + Roebel shown by IRL.  No experience at KIT  ! 
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Fujikura:  (IBAD-PLD) 

• width: 10, 5  mm  commercial length:    >>200 m  

• Currents: > 500 A/cm-width,  600 A proved at KIT 

• Stabilisation  100 micron Cu, laminated 

• Substrate: Hastelloy,  high strength  ? Bending abiity ? 

• Strand punching no expereience !  Laminated structure ! 

Sunam:  (IBAD-PLD) 

*   width: 12, 4 mm,  commercial length   ? 200 m 

• Currents: > 300 A/cm-width,  high field version with APC 

• Stabilisation  >20 micron Cu, laminated 

• Substrate:   Hastelloy high strength 

• Conductor not tested ! 
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SuperOx: (IBAD/ABAD – PLD)  

*    width: 12 mm,  10 m shown, commercial length  ? 

• Currents: > 250 A/cm-width,   

• Stabilisation  20 micron Cu, on request more ! 

• Substrate:  Hastelloy ? 

• Strand punching, 2D performance ?  no experience 

Bruker:  (Steel + ABAD + PLD)  CC available ? When ? 

• width: 4, 12, 40 mm, Length 300 m (4 mm)  

• Currents: 260 A/cm-width, Stabilisation  10-50 (?) micron Cu 

• Substrate: Steel, 50-100 micron, tensile strength, bending ? 

• Strand punching , CC 2D performance, delamination,                   

no experience ! 
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THEVA:  (ISD – TCE)   Comes 2014 to the market ! 

• width: 10, 5, 4 mm  (?) commercial length: 200 m (planned as start) 

• Currents: > 300 A/cm-width (expected) 

• Substrate: Hastelloy high strength  

• Strand punching ok, no delamination ! 
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CC features for Roebel application: 

TEST of the CC properties at KIT mandatory! 

 

• CC architecture: laminated or plated Copper stabilisation ? 

• Punching process working ? 

• Current homogeneity in 2D (defect structure if any !) ? 

• Current anisotropy (B and T) ? 

• Current transfer length ? 

• Current capacity with field ? 

• Delamination properties ? 

• Bending and stress/strain properties ? 

• For 4 K lHe  application: porosity of conductor ! 
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Roebel cable preparation I 
Strand punching: sophisticated 

technique to manage CC 

tolerance in shape + accuracy 

Two different widths: 

4 mm, 12 mm (KIT) 

All widths are possible ! 

Transposition (flexible at KIT): 

4 mm cable – 115.7 mm 

12 mm cable - 125.8 mm 

        - 226 mm,   - 426 mm 

2 Producers of CC-Roebel-Cables 

KIT (Research, pieces on request), IRL – General Cables (commercial)  

KIT RTR-high precision 

punching 

> 50 m approved ! 

Geometry very close to optimum ! 
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Roebel cable preparation II 
Assembling technique 

• KIT cables = handmade, 5m+ shown 

• IRL cables = machinery used (26 m shown) 

IRL machinery 

Characteristics: 

• KIT Cables are dense packed 

• Geometry very regular ! 

 

 

 

 

 

• IRL cables have large spacings 

• Actually very disordered ! 
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IRL – General Cable products 

Typical currents 77K, s.f.:   400 A (10/2)  and 1.1-1.3 kA (15/5) 
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Ic = 1.2 kA (10 strands) – 2.6 kA (45 strands) shown 

 

Length of 5 m 

for 10 strands  

Ic = 1.2 kA, 4 mm, SP,   transposition 109 mm 

 

2.)   12 mm cable width,   3-fold stacked strands 

KIT Roebel cable samples (CC from Superpower)   

1.)   4 mm cable width, option multistacked strands 

(Currents  

77K s.f.) 

Multistacking   
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KIT Bending Devices and Competence:   
 

• Continuous Bending Strain Rig (CBSR) for CC 

• Torsion Bending Strain Rig (TBSR) CC and strands 

• Continuous Edge Bending Strain Rig (CEBSR) CC, strand, cable 

Torsion bending 

of Roebel strand   

NEW  !  

4-fold device : 

 

2 ranges 

2 tape orientations 

Each strand has all 

positions within 

transposition length 
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Edge bending of the Roebel-cable: 
Continuous edge bending strain rig CEBSR 

Roebel cable: 

• 10 strands, 4 mm width Superpower CC 

• 1.8 mm width of punched  strands 

• transposition length 116 mm 

• thickness: 0.6 mm 

Measurement: 

 

• 15 mm plate thickness 

• 10 mm plate thickness 
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Rutherford  former design after edge-bending experiments: 

• winding angle 20° 

• width of former: 25 mm 

• thickness of former: 10 mm 

• twist pitch: 184 mm 

• Roebel strand length: 500 mm 

1 2 3 
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CEBSR – results (from Rutherford cable R&D)  

6 % critical current degradation with 20° and 10 mm former: 

• 10 mm former – no  

   importance in CC placement 

• each strand controlled 

• Ic = middle value of the Ic  

  measured on single tapes 
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Current in Roebel cables at 77 K under 

 transverse pressure (M.Vojenciak unpublished): 
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FBI  Test facility – Cryomak Laboratory KIT-ITEP   

• New split coil magnet actually installed (15 T): enhanced split width 

• All field orientations should become possible 

• Sample holder for Ic (B-T) needs optimisation 

 
Schedule ?? 
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Non-uniform current in Roebel strands (tape anisotropy): 

Modelled (including anisotropy) and measured 

• Ic (angle, field) tape measurement 

• FEM calculation for Roebel cable 

• Ic – good sharing (Roebel)= 541.8 A  
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AMSC - CC 
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14.6.2013       Dr. Wilfried Goldacker  EuCARD-II    Kick-off 



KIT Institute for Technical Physics 26 24.1.2012 

W. Goldacker, A. Frank, A. Kudymow, R. Heller, A. Kling, S. Terzieva, C. Schmidt,  

Status of high transport current ROEBEL assembled coated conductor cables, SuST 2009 

Roebel cable with Ic = 2.6 kA at self field and LN2: 

3-fold stacking of 15 strands 
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Coil 1 

- 6 turns 

- spacer – 20 mm 

Coil 4 

- 11 turns 

- spacer – 1.4 mm 

Coil 5 

- 13 turns 

- spacer – 0.1 mm 

Coil 2 

- 9 turns 

- spacer – 10 mm 

Coil 3 

- 9 turns 

- spacer – 4 mm 

Pancacke Coils with different turn spacing: 
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Non-uniform current in Roebel coil winding (anisotropy): 
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Coil 1: 1 mm 

Coil 2: 6 mm 

Coil 4: 18 mm 

Coil 3: 12 mm 

Coil 5: 24 mm 

Solenoid coils with different 

turn distance 

To be published 2013 (Ic and AC losses)   
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• Parallel field 7.5 T - 11.7 kA was reached 

 

• Perpendicular field 9.6 T - 3.4 kA was reached 

J. Fleiter, A. Ballarino, L. Bottura, P. Tixador, Electrical characterization of REBCO Roebel cables, SuST, 2013 

Roebel cable mesured at CERN at 4.2 K, B<10 T: 

Anisotropy at high fields: 3-3.5 

14.6.2013       Dr. Wilfried Goldacker  EuCARD-II    Kick-off 



KIT Institute for Technical Physics 33 24.1.2012 

Cables for CERN with additional stabilisation (2 m) 

1 ) 9 SP strands + 9 Cu 

SP tape 

Cu tape 

2 ) 2x8 (16) SP strands + 8 Cu 

SP tape 

Cu tape 

16 CC strands + 8 Cu 
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Option for low AC losses: Striated CC or strands: 

S. Terzieva, M. Vojenčiak, F. Grilli, R. Nast, J. Šouc, W. Goldacker, A. Jung, A. 

Kudymow, A. Kling, Investigation of the effect of striated strands on the AC 

losses of 2G Roebel cables, SuST 2011 

Up to 120 Filaments prepared and 

analyzed, moderate current degradation 

from CC  inhomogeneity (to be published) 

 

Psec Laser, option is 

RTR extention (150 k€) 
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Effect 1: loss of width 

Effect 2:  inhomogeneity in CC 

Striations + 

transposition 

shows expected 

reduction of 

losses 

 

Roebel cable tbc. 

CORC type cable !   
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Extrapolations from 77 K data and 

parameters for current enhancements 

• Standard cable current: 1.1 kA at 77 K s.f.   12 mm width 

• Scaling factor with temperature better than in CC 

• Critical current ratio  Ic (4.2 K)/Ic (77 K) self field:           > 10 

• Reduction at 10 T / 4.2 J):   B parallel   x 0.8,  B perp.   x  0.25 

• Transposition length:  factor                                           2 ( - 3 ) 

• Multistacking:     factor                                                      2 – 5 

• Enhancement of CC performance ( x 4 shown in short samples ) 

The potential  for 10+ kA / 20 T / 4 K is given, but open questions 

 

• Saddle bending 

• Stabilisation technique 

• Lorentz force stress management 

• Availabilty of material  (CC and cable length !) 
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Proposal for Roadmap: 

 

First:  Rough predesign of cable to fix tape and cable width 

 

Cable R&D 

Full characterisation of CC 

Test of  punching  process and strand performance 

Test sample of RACC: 3 m long  (50 m CC) 

Result : Qualification of CC provided 

 

Next steps: 

Magnet cable design for requested current density 

Solutions for mechnical cable features 

Test of all kind of bending 
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