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Introduction

 REBCO (REB,Cu,0,,) tapes

(RE)BCO - HTS (epitaxial)

20 pm

»  Excellent mechanical properties —

e Can carry very high current densities at I :
very high magnetic fields (~ 20 T)

e Can be operated at liquid N2 temperatures (77 K)

Individual tape configuration
e CORC cables based on SuperPower SCS x050 tapes

e Superconducting tapes wound on core

o Very flexible

» Very high currents and current densities

*  Mechanically very strong

*  Minimum degradation from cabling (< 10 %)
»  Current sharing between tapes possible
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Bending of CORC cables

Experiment
» Samples are bend over a circular disc of
variable diameters manually.
» Cooled downto 77 K in a custom made
cryostat CORC cable
»  Electric field vs current behavior is recorded
e 10 pV/m criterion for I
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Bending of CORC cables

Experiment — Sample details

Number
of tapes

P P NP RPN

Core

2.4
2.4
5.0
5.0
2.4
2.4
5.0
5.0
5.0

5.0

Winding
angle
45
30
45
30
45
30
45
30
45

30

Tape width

2.01
2.01
2.01
2.01
2.01
2.01
2.01
2.01
4

Lubrication

Unlubricated
Unlubricated
Unlubricated
Unlubricated
Lubricated
Lubricated
Lubricated
Lubricated
Solder coated

Solder coated

Number of
samples
measured

1 before
1 after HT
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Bending of CORC cables

Modeling

 Bending at room temperature
» Tape degradation at strain >0.45%

0.45%
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Critical bending cable radius, m

==Lk Raclite = 35 mm
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Friction coefficiant Friction coefficient

Copper

EI Hastelloy .
Copper Copper

Hastelloy

Copper

Hastelloy Thickness

-=-Hastelloy 30 micran |

!

-+=Hastelloy = 50 micron i
1 0.9 0.5 0.6

0.4 0.5 0.6 0.7 0.8 0.9 1 Friction coefficient

Friction cosfficient UNIVERSITY OF TWENTE. [FIRYY




Verification FE model with experiment.

Cable configuration:
- 6 layers, 2 tapes per layer , .
- 2 mm wide tapes w2 | w3 | owve | olas |
- Total cable diameter: 3.4 mm
- Winding angle: 60° FEM model
- Substrate thickness: 30 um
- Copper plating: 5 um
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Results
Bending one layer CORC cable

xial strain, %
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Friction coefficient is fixed to 0.6.
Quialitatively good agreement with
experimental data.

FEM model Parameter — Core Diameter Experiment

2 mm tape, 45° winding angle

|c0re diameter:
—a— 2.4 mm, sample 1
—*— 2.4 mm, sample 2

—e—5.0mm

100 150 200 250 300
Bending radius, [mm]

Samples with 2.4 mm core start to degrade at
50 mm bending radius. Samples with 5 mm
core start to degrade at 80 mm bending radius.
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Results
Bending one layer CORC cable

Parameter — Friction, via tapes

FEM model ) Experiment

5 mm core, 4 mm tape,
45° winding angle, solder coated

5 mm core, 4 mm tape,
45° winding angle, solder coated
—=— Before heat treatment

e After heat treatment

20 40 60 80 100 120 140 160 180 ' 40 60 80 100 120 140 160 180
Bending radius, [mm)] Bending radius, [mm]

By tapes soldering to the core friction

o

Non soldered cable modelled with

0.4, 0.5 and 0.6 friction coefficient. coefficient 1.0 is simulated. Early
For soldered conductor friction degradation is observed for soldered
conductor.

coefficient 1.0 is taken. UNIVERSITY OF TWENTE. [SIRS



Results

Bending one layer CORC cable

FEM model Parameter - Friction Experiment
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45° winding angle

1 ‘,-"I
friction coefficient 3 | 2.4 mm core, 2mm tape,
; © [ _4 P
/ 45° winding angle

—&— |ubricated, sample 1
—e— |uibricated, sample 2
—&— non lubricated, sample 1
—a&— non lubricated, sample 2

‘2_4 mm core, 2mm tape,
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Lubricated sample shows Ic degradation
at 25 mm bending radius. Non lubricated
sample shows Ic degradation at 50 mm
bending radius.
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Bending radius, [mm]

A good agreement with experiment
achieved for friction coefficients 0.1
and 0.6.

UNIVERSITY OF TWENTE. [



ReS U ItS Voltage Pair

Current transfer effect

Copper Core

Used Data ;

Power law fit ' P 4
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Current shared between active and passive
tapes at higher current (at low bending radii)
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Conclusion

Tape FE model build and validated against experiments.

CORC cable FE model developed based on validated tape model.

CORC model predictions largely in agreement with experiments.

Optimal CORC cable design by model is possible, depending on the type of load
(bending, cooling, Lorenz forces etc.).
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