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Motivation




Motivation

Whole Wire Critical Current Density (A/mm?, 4.2 K)

Practical Field and Price per

Material | T, (K) Temperature Liter ($)

MgB, 3-7T,10-20K
NbTi 8-10T,1.9-4.2K

Nb,;Sn 10-16T,1.9-4.2K
REBCO >20T,20K
Bi-2212 >20T, 20K
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[ Nb-Tj #2KLHCinsertion
L quadrupole strand
(Boutboul etal. 2006)

55x18 filament B-OST strand with NHMFL
50 bar Over-Pressure HT. . Jiang et al.
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=== Bj-2223: B L Tape plane (prod.)
=== Nb,Sn: Internal Sn RRP®
1) m=dmm N b3Sn: High Sn Bronze

\V === Nb-Ti: LHC 1.9 K
== = Nb-Ti: LHC 4.2 K
+ #Xe « Nb-Ti: High Field MRI 4.22 K

MgB,: 18+1Fil. 13 % Fill
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T

35 40 45
Applied MagneticField (T) B NMASLAB

Key Challenge: Mechanical Reliability of REBCO Conductors in
Ultra-High-Field Magnets.

Cu stabilisation (optional)
Ag cap layer
REBCO layer

PRSI '\ e Hastelloy

substrate
/ - Ag REBCO SoHT_Ag &Cu (Hastelloy side)

buffer layer stack

Delamination

Axial Tensile
Tensile Stress / Stress ' t t
Ag t

41
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Tensile strength along longitudinal axial direction: 500 — 700 MPa,
Tensile strength along transverse direction: 2 — 100 MPa.

Delamination failure was caused by transverse tensile stress,
causing irreversible critical current degradation.
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Electromechanical Delamination Testing




Electromechanical Delamination Testing

Purpose: Build a relationship between |, degradation and

— TTS vs. t

'“f:jﬁco Tape constant displacement of 0.5 mm/min

‘ ‘ egu ©  Test continues until mechanical
] ) delamination occurred

delamination strength for ReBCO tape. % (b) <
:E) 77K-"B" Tape e

ol %f < —— Vs t %

» Test critical current /, without applied ;1 4 & o

% » ;! %]

(a) ' Tensile Force force at 77 K S = S =
*  Input transport current equal to 99% of /; = = = e

=R;L::O Upper Cu Anvil at 77 K and maintain constant current =1 77K0A" Tape E - E
coie L » Applied increasing tensile force at a o Vit o 9

- &

200
Time, t (s)

_- LN, Container Tensile

AN Sl ' || Test
Voltage Taps 1 3 y Macl’yline Parameter “A” “B” . D | . t. d h
/ Upper Anvil TeL : elamination ana quenc

‘ REBCO Tape approximately occurred at
e ! ' Lower Anvil the same time

28 = Current Leads

Tensile Test
|~ Machine
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lc, 77K

L ooiog! I

lied ' inati
applie * Prior to delamination, /,

Quench Time degradation < 1.0%.

(s)

Stainless-
steel Block

o » After delamination, REBCO
Delamination tape was completely
Time (s) fractured, leading to the

DS (MPa) quench.

Current Cables
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Influence of Stabilizer Strength on
Delamination Resistance




Influence of Stabilizer Strength on Delamination Resistance

Hypothesis: Enhancing delamination resistance by improving

the mechanical strength of stabilizer This study: Remove stabilizer

edges by copper etching

Cu-electroplated ReBCO tape DS of ReBCO=
: . Stabilizer Contribution to
Delamination Resistance

{ ) + Sample “A” “B” “C”
Interfacial bonding strength among Thickness of Stabilizer

[ 21.9+0.2 18.6 +0.3 21.9+£0.1
multiple layers e ]

With Cu edges Without Cu edges
Transverse Load Transverse Load Ste pS .

« Test DS (w.E.) and DS (n.E.) at RT

* Quantify the stabilizer contribution to delamination
resistance ADS = DS (w.E.) — DS (n.E.)

» Measure the mechanical strength of stabilizer edges

De Leon. M et al. IEEE Trans. Supercond. Technol. Upper Cu Anvil
REBCO tape without edges (n.E.): The applied tensile load is only Solder
supported by the interlayer bonding

REBCO Tape

Delamination resistance contributed by stabilizer, ADS:
DS of REBCO with Cu edges — DS of REBCO without Cu edges Lower Cu Anvil

DS (w.E.) DS (n.E.)




Influence of Stabilizer Strength Vickers Hardness Number (VHN) = proxy of
mechanical strengths of stabilizer

on Delamination Resistance Copper alloys:

Yield Strength (YS) = 2.87 * VHN
Ultimate Tensile Strength (UTS) = 3.35 * VHN

* HVN of “A” tapes is the
lowest

3-mm Anvil 4-mm Anvil
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90% of HVN values for “C”
sample’s stabilizer 2190,
but 46% of HVN values for
“B” sample’s stabilizer =
190.
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Delamination Strength, DS (MPa)

* Mean HVN of “C” is higher
than that of “B”.
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= A » Delamination Resistance
a 60 4-mm-Anvil . o
ADS, 3-mm-Anvil | ADS, 4-mm-Anvil = contributed from_ Stabilizer
Sample g 50 (ADS ) versus Vickers
(MPa) (MPa) = 4 Hardness Number (VHN)
“p? 3 of Stabilizer Edge
£ 30
«g 5 20 » As VHN increases from
3 100 to 200, ADS increase
“C” - by 18 — 35 MPa at RT

100 150

Average Vickers Hardness Number, ave. VHN




Influence of Stabilizer Strength on Delamination Resistance

Strategy to improve delamination resistance: Linear Correlation: ADS = 0.137 HVN

Deposit high-strength Ni-P layer onto REBCO tape * Mean HVN of Ni — P layer: 500
RS A R VN « Estimated ADS (Ni-P) = 69 MPa

+ Ni-P: 300 - 600 Mean DS, (MPa) __Max. DS (MPa)

. Cu: 100 = 200 A
‘ “A”_NiP

Another Advantage: ADS

High Turn-to-Turn Resistivity, R,
20 pym Ni — P plated layer = 14,000 uQ/cm?
Suitable R, = 1,000 to 100,000 uQ/cm?

o
FERMINATION,

o Ni-P plated

As-received Drawback:

Sensitive to load cycling.
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\ b asisicd Jun Lu et al 2018 Supercond.
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1 10 100 1000 10000
Number of cycles at contact pressure 2.5 - 25 MPa




Influence of Stabilizer Strength on Delamination Resistance

Influence of Stabilizer Ductility: Future DireCtionS
Ni — P coating layer is brittle and highly susceptible

to catastrophic, early failure under tensile loads Develop High-delamination-Resistance

REBCO tape:

o Optimize the copper electroplating process to
increase mechanical strengths of Cu stabilizer
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« Bath chemistry and temperature
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» Current density and mode (pulse)

FERMINATIONAL ACCELI

« Agitation condition

o Introduce high-strength materials into REBCO
stabilizer.

©
o
<
b
&
(9]
)
S
=
w
Qo
k%)
=
)
I_
©
£
S
=3
-
)
[ o
o
-

0.03 0.04 0.05

* Achieve a balance among mechanical
strength, ductility, and resistivity.

If high-strength materials are used to o Increase interfacial bonding strength between
replace Cu as the REBCO stabilizer: REBCO layer and buffer stacks

it is essential to consider their toughness, i.e., the
ability to combine high strength with sufficient
ductility.

Strain, ¢
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Summary and Acknowledgement

Build an electromechanical testing system to evaluate /. degradation of
REBCO tape under transverse tensile stress at 77 K.

Establish an effective strategy to enhance the delamination strength of

REBCO tapes

| appreciate the technical support provided by my Fermilab colleagues
(Daniele Turrioni, Steven Krave, and Maria Baldini).”
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