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Connecting the conductor developments 
and accelerator magnet needs 

• REBCO conductor has significant potential: Je and cost 
• Two intertwined issues for REBCO accelerator magnets 

• Magnet technologies are under development 
• Guidance on conductor properties based on magnet 

performance and needs lags 

• Evaluating various conductor/cable concepts based on 
canted cosθ design 
• Conductor on Round Core (CORC®) wire 
• Tape stack (MIT and Roebel) 
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Presentation Notes
The magnet technology significantly lags the conductor development. We need to bridge this gap and develop the magnet driver to provide effective feedback to the conductor and cable development. 
Our initial strategy is to evaluate the existing cable concepts for accelerator magnet applications. 



Working closely with vendor on short 
sample testing and wire optimization 

• ACT has supplied several short samples of different 
designs for us to test winding on CCT grooves 

• Excellent opportunity to learn wire handling 
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Presentation Notes
Testing the short wire of different designs at 77 K, self-field, to understand their performance before and after bending into the magnet structure. 
The mandrels have 2 turns of CCT grooves. 



5% - 10% Ic degradation after being 
wound to the CCT grooves 

• As expected 
• Negligible 

self-field 
impact on Ic 
reduction 

• n value 
increased 
after winding 

After winding 

Unwinding 
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Presentation Notes
Two pairs of voltage taps, V1 and V2, were installed in the Cu terminal by the vendor (see slide 14). 
“before” = V(I) curves before winding. 
“on mandrel” = V(I) curves with the wire wound on the mandrel. 
“unwound” = V(I) curves after unwinding the wire.
The Ic degradation after winding to the CCT grooves is expected and consistent with the test data at the vendor. Measurements at 77 K, self-field. 
The Ic did not recover completely indicates permanent degradation and possibly minimum self-field effect (assuming no degradation is introduced during the unwinding process).
The increased n value indicates less current sharing with wire on the mandrel due to the bend with small bending diameter.



A subscale CORC® CCT dipole magnet 

• 2 layers, 40 turns using single CORC® wires 
• 70 mm aperture, 500 mm long, 40 m long conductor 
• Wire minimum bending diameter 46.5 mm (10% Ic 

degradation) 

• Establish a magnet platform to provide feedback on 
conductor development 

IEEE/CSC & ESAS EUROPEAN SUPERCONDUCTIVITY NEWS FORUM (global edition), October 2016. 
Presentation CO-04 given at CCA 2016; Aspen, Colorado, USA, September 11 – 14, 2016.

6

Presenter
Presentation Notes
A CCT magnet with CORC wires is our first step toward the magnet platform for the following purposes
To develop the magnet technology, 
To evaluate the conductor and cable concept.



Moderate 1 T dipole field at 4.2 K 
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Presentation Notes
On the left column, we show the field on the conductor and the load line. The peak field is close to the end of the inner layer (red square).
On the right column, we show the calculated profiles of dipole field and high-order allowed harmonics (less than 1 unit of field errors in the central straight region). 



We started with a 2-layer 3-turn mini-
coil 

• Same design as the 
subscale except with 
only 3 turns 

• An affordable and 
quick turn-around 
vehicle to develop 
magnet technologies: 
winding, assembly, 
joints, impregnation, 
test and etc. 
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Presentation Notes
- The CAD image shows the two assembled coils. 



How it would look like – mandrels and 
conductors 

Mandrels printed with 
Accura® Bluestone 
• Quick and 

inexpensive 
• -0.6% contraction 

from room 
temperature to 4.2 K 
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Presentation Notes
- In the next few slides, we show the concept of the CORC CCT coils with Cu refrigeration tubing. 



How it would look like – after winding 
each layer 

• Joints will be tricky 
• Low resistance. Enough length for current transfer 
• Clear for aperture. Support in background field 
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How it would look like – assembly 

• Clearance and alignment between layers 
• Impregnation 
• Joint development 
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Presentation Notes
- Impregnation and joints are among the key technology issues to be addressed 



How it would look like 

Now let’s try the real conductor… 
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The 3-turn inner layer was wound and 
tested in LN2 

Hall sensor in 
the aperture 

• CORC® wire diameter 3.09 
mm 

• 8 layer of SuperPower tapes 
• Each tape 2 mm wide with 30 
μm thick substrate 
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Presentation Notes
Conductors are hand wound without tension.
A Hall sensor was installed at the aperture center to measure the dipole field. 



Ic degraded 11% after winding, 
consistent with vendor data 

• 754 A to 673 A 
• n value 

increased from 
9 to 13 

 

V2 
V1 

Image courtesy  
J. Weiss, ACT 
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Presentation Notes
- The V(I) curves of the conductor before and after being wound on the mandrel. Measurements at 77 K, self-field. 



Signature of persistent-current effect 
(screening-current effect) 

• Hysteresis 
between up 
and down 
ramps 

• Non-linear 
behavior below 
100 A 
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Presentation Notes
The arrows in the graph indicate the current ramping direction. “Up ramp” = increasing current. “Down ramp” = decreasing current.
Two observations indicate the persistent current effect at 77 K: 1) the hysteresis in the dipole transfer function between the up and down ramps; and 2) the decreasing transfer function below 100 A. Without the persistent-current effect, we expect a constant dipole transfer function. 





Next steps for the REBCO CCT magnet 
development 

• Complete and test the 3-turn mini-coil at 77 K and 4.2 K 
• Continue to use the 3-turn platform to study the 

impregnation and other issues 
• Develop the 40-turn subscale magnet 

• Develop the tape-stack version 
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Presentation Notes
The next step for the CORC CCT is to assemble two individual layers and test the assembled coil at 77 K and 4.2 K. 
The experience will be used for the development of a 40-turn version. 
We are also interested in tape stacks as a conductor option for magnets. Questions to be addressed include:
How to bend the tape stack with minimum hard-way bend or torsion?
What’s the local strain in the conductor after bending?
Here we show a model and the actual test winding of a single tape in the groove. 



Summary 

• LBNL is developing technologies for REBCO 
accelerator magnet applications 
• Connecting conductor developments with magnet 

needs 
• Provide feedback to the conductor development 

based on magnet performance 
 

• A CORC CCT dipole coil is a first step toward this goal 
• Two 3-turn coils are developed and tested at 77 K 
• The coils will be assembled and tested at 77 and 4.2 

K 
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