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= Experimental setups
¢ ReBCO tape torsion-tensile studies

¢ Transverse stress on ReBCO tapes

» Results and analysis

= Summary
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= Conductor on Round Core (CORC)
= Twisted Stack-Tape Cable

= Roebel Cable

N W. Goldacker, Journal of Physics, 43 (2006).
R
) \ Tape performance when subjected After test: damaged tapes in_ outer layers due to
. to (combined) torsion, tensile and cable bending
transverse loading is the key to
‘& understand limitations for cable

performance.
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" Modeling of the stress-strain

Objective

state in a REBCO tape at Transverse
various loads (temperature,
tensile, torsion, transverse load,
etc.)

Torsion

s
LTensiIe
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The ultimate goal is to predict Y
the critical strain level of the 09§ ,
" 0.8 ¢ o eak Stress ! % o
tape under cabled conditions v} T L\
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ABAQUS software for modelling 0T S p : \Q
with mechanical material wi T TS
properties as inputs (from ||tt & 0'00 100 200 300 43?res556;)MPs;)]o 700 800 900 1000
dedicated experiments) Plot of normalized critical current vs. applied axial stress on
a 4 mm wide, SCS4050 SuperPower 2G HTS wire
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Torsion under controlled axial tensile load by linear
stage from TARSIS facility.

Sample - SuperPower SCS 4050 tape

-tape=175 mm I
5 Vtap pairs

Torsional angles used in
combiend torsion-tensile

tests:
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% Transverse stress at 77 K, calibrated strain gauge for applied force measurement.
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Modeling Assumptions (ABAQUS)

Transverse

Togsion
i ; Tensile

- Degradation of the critical current depending
on the strain state of the REBCO layer at the
instant of crack initiation (K. Osamura et al.)

- Buffer layers and silver layers do not
significantly influence the mechanical behavior

of the tape
A . - SCS4050 SuperPower tape for most
v experiments and modeling
\ . @
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ﬂ! REBCO

FE mesh of the tape
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Applied external strain, %

State of residual strain on the REBCO layer as a
function of applied external tensile strain at RT. (Kozo
Osamura et al.)

Copper Stabilizer

Configuration of SuperPower 2G HTS Tape
SCS4050 EMSE. -



Tape SCS4050:
It is necessary to model the production process because of the
il—?:st’);:lrc?yt/ec 276) thermal residual strain (~ -0.2 %) at RT in the REBCO layer.
Needed: thermal expansion coefficients and elasto-plastic material
iEclzggtﬁgglating) properties depending on temperature.
- REBCO
) A IBAD process ik Cool down
Electroplating
AN p T 1020K T 350K FAgIsorl l \;
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Load
D
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ﬁ Tape production process Load test
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Simulation results: tensile

1300 Hasttelloy-(7ZKl " :' ) n:}:
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g ™ ) =] 2 FEM
2 700 T
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\ 0 0.2 0.4 06 (Q.708
A 0 Applied external strain, %
N\ 300
" 20 State of residual strain on the
AN § w REBCO layer as a function of
\ " s o 07 os o applied external tensile strain at
. | Strain, % RT from neutron diffraction
5 Tensile test and FEM stress vs. strain data for the experiment (Kozo Osamura ef

tape SCS4050 at RT and 77K. al.) and FEM results at RT.
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k.t Applied torsion strain, %
% Critical strain in REBCO layer as a function of applied
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Q Transverse stress on SuperPower SCS4050

4mm pushing head
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[ —e—&—=— 1 mm.
06 —a—2mm. =
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« Tape thickness not uniform over tape width.
@;; « Non homogenous pressure distribution causes early degradation
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@ Critical transverse pressure as a function of copper layer thickness at 77K
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» Systematic studies of ReBCO tapes under twist, tensile and transverse load were
performed.

« SCS4050 tape shows good Ic reversibility for tensile axial strain up to £ =0.55%. For
combined torsion—tensile loading, increase in torsion strain leads to earlier and more
gradual Ic degradation upon a controlled applied tensile axial strain.

* Locally transverse applied stress leads to crack formation mostly at the edges of the
pushing area. SEM analysis and modeling are in good agreement for peak in plane strain
concentrations.

» The homogeneity of applied stress plays a significant role just as the thickness of the
tape layers (copper) causing stress concentration spots.
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