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Multifilament ReBCO coated conductors and
copper plating
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Pros and cons of copper-plated multifilament coated

conductor
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AC loss (and SCIF) can be
reduced by striating wide
superconductor layers into

narrow filaments.

If we plate copper on
the entire group of
filaments,

copper allows the
current sharing and
improves the
robustness against
normal transition.
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filament
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Copper

Substrate

Coupling
current

Under ac transverse magnetic fields,
filaments are coupled by coupling
current and behave like a wide
monofilament, generating large ac loss.

AC loss can be reduced only after
the decay of coupling current,
which unfortunately decays quite
slowly in non-twisted conductors.
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[4] doi: 10.1088/1361-6668/aa9d24

How long does it take to decay of coupling current?
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How long does it take?

We measured coupling time
constants, 7, which is the decay
time constants of coupling currents,
In straight striated coated conductors.
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Concept of SCSC cable
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[1] doi: 10.1088/1361-6668/ac3f9c
How to decay coupling current quickly in copper-plated
multifilament coated conductor?

Multifilament coated conductor
Core Second layer Jﬁ

I 4 t
Substrate Striation  Plated copper

Twisting round LTS wire First layer Filar?nent

Winding copper-plated multifilament coated

conductors spirally on a round core

SCSC cable (double “SC” cable, standing for
Spiral Copper-plated Striated Coated-conductor cable)

Twisting flat HTS tape CORC®-like cable with copper-plated multifilament coated
conductors
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Coupling currents in flat straight and spiral copper-plated
multifilament coated conductors
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[1] doi: 10.1088/1361-6668/ac3f9c

Coupling current loop in SCSC cable

Coupling current

confined in half pitch of spiral

® 4y Coupling current Coated conductor 1 1 5 D
; LCNELpl :E (ﬂD)2+Lp:—‘ -
®) L="2_ % _ [af+r I
P sina cosa P

/_%
y

 Quick decay of coupling current
 Independent of the entire conductor length

L | L,/2
Coated conductor

KYOTO UNIVERSITY N. Amemiya June 16, 2022 9 @RAI




Experimental results: ac loss reduction
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Effect of spiral geometry to decouple filaments

We compare ac losses of

» straight copper-plated striated coated conductors
and

» spiral copper-plated striated coated conductors.
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Prepared straight and spiral samples

Name | Filament width Straight Spiral (1 layer, 1 tape)

tcy = 20 pm (per side)
D,=3 mm, a =55 deg
Tape length /, 150 mm 174 mm

tcy = 20 pm (per side)

B2-a2 4 mm

B2-b2 0.8 mm

B2-c2 0.4 mm
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[1] doi: 10.1088/1361-6668/ac3f9c

Magnetization losses in straight and spiral samples
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L
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Detailed magnetization loss characteristics of
spiral copper-plated striated coated conductors
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[1] doi: 10.1088/1361-6668/ac3f9c

Magnetization losses and their frequency dependences
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Specifications of samples

Specifications of samples

Width of tape Wi 2 mm, 4 mm
Number of filaments ne 1,3,5,10
Width of filaments W 2 mm, 4 mm (monofilament)

0.2 mm, 0.4 mm, 0.67 mm, 0.8 mm

Thickness of Copper-plating per side tcy 40 um, 20 um, 10 um

Thickness of Hastelloy substrate 30 um
Diameter of core D. 3 mm,5 mm
Spiral angle 55 degree
Length of tape in sample 174 mm
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Influence of filament width on hysteresis losses

[2] doi: 10.1109/TASC.2022.3170865
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Hysteresis losses can be reduced by decreasing filament width.
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Left: [3] doi: 10.1109/TASC.2022.3167928, right: [1] doi: 10.1088/1361-6668/ac3f9c

Influence of copper thickness on coupling losses
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Coupling losses loss can be reduced by decreasing copper thickness.
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Left: [3] doi: 10.1109/TASC.2022.3167928

Influence of conductor (tape) width on coupling losses
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Coupling losses loss can be reduced by decreasing conductor width.
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right: [1] doi: 10.1088/1361-6668/ac3f9c, updated

Influence of core diameter on coupling losses
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[3] doi: 10.1109/TASC.2022.3167928

Influence of core diameter on coupling losses — Suppl.
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Coupling losses loss can be reduced by decreasing core diameter.
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Summary of approach to reduce magnetization loss

» Hysteresis losses can be reduced

by decreasing filament width.

* Coupling losses loss can be reduced
* by decreasing copper thickness,
* by decreasing conductor width,
* by decreasing core diameter.
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[2] doi: 10.1109/TASC.2022.3170865
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Current sharing and V-/ characteristics in
copper-plated multifilament coated conductors
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[5] doi: 10.1109/TASC.2022.3168622

Importance of current sharing and experimental arrangement

(@) Current Defect or normal transiting part
= SO l
| .

Superconductor Current-blocking
filament at defect or normal transiting part

(b) Current  Defect or normal transiting part

L |

Superconductor  Current-sharing between filaments
filament
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[5] doi: 10.1109/TASC.2022.3168622

Specifications of samples and arrangement of voltage taps

Specifications of samples

Tape type of SuperPower Inc. SCS4050AP

Width of tape Wi 4 mm

Number of filaments ng S

Thickness of Copper-plating per side tcy 20 um

Thickness of Hastelloy substrate 50 um

Total length 235 mm

Effective length between current terminals 175 mm
Current Artificial defect Current
terminal @’ a2 a3 |a4 ad a6 terminal

i tro i

i A A T ;

+side b1 b2 b3 b4 b5 b6 - side
-80 40 -10 10 40 80 mm C
27
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[5] doi: 10.1109/TASC.2022.3168622

Current sharing and V-I characteristics: with local defect
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Impact of striation on protection against
quench / thermal runaway
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Experimental setup and procedure
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[6] doi: 10.1109/TASC.2022.3141970

Example of voltages/currents/temperatures of thermal
runaway detection and protection processes
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[6] doi: 10.1109/TASC.2022.3141970

Summary of detection and protection against thermal
runaways initiated at local bending defect

— 1000 — T T T T T 2500 ~
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° - : (30K, 2T) DD _after:49 A after: 15
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Conclusion

* The spiral geometry of copper-plated multiflament coated
conductor decouples filaments electromagnetically and is
effective to reduce magnetization losses.

» Copper plating allows current sharing between filaments and
helps protection against quench / thermal runaway.
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