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F. Sirois CV at glance
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Prof. at Polytechniqgue Montreal (Univ. of Mtl): 2005-...
Previous (1998-2005):

— Researcher at IREQ (Hydro-Québec res. Inst.)
— Ph.D. in applied physics

— Trained as electronic engineer (undergrad)

Leader of the only research group in applied
superconductivity in Canada

Trained a dozen of PhD and more than 30 master’s
students over time

Initiator of the HTS modeling workshops series
— 2010: Lausanne, 2011: Cambridge, ..., 2016: Bologna (4t")
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HTS Modelling 2016

15 - 17 June, 2016 - Bologna, Italy

A
We are very pleased to invite you to the Sth international Workshop on Numerkal Modelling of High
Temperature Superconductors, which will be held in SBologna - italy from June 15to0 17, 2014

Mome

SCope
The &im of the event is 10 stimulate GisCussion and COlabOration among experts in order 1o produce advanies

: in modeling methods and tools needed for the development of MTS technology.
Organizers g By

The beautiful and Invely city of Bologna will be the ideal frame for fruthiul and pleasant disCussion &S i IS in the
tradition of the HTS modelling workshops.

We are looking forwarnd 10 meeting you M
Venue and how to get

emportant dees HTS MODELLING 2016

Pubication

5% International Workshop on Numerical Modelling
Abstract submission of High Temperature Superconductors

Registration

About Bologna

Accomodanon
Traved iInformation June 15"17, 2016 BOlogna o |ta|y
https://events.unibo.it/htsmodelling2016
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http://www.htsmodelling.com

HTS MODELLING Modstng of igh seperature superconductors (M

WORKGROUP

PUBLICATIONS

Welcome!

in the past few yoars numencal modeling fas mcreased » poputanty and has been recognized as 8 powerful tool for
PVOALOASNG The slociromagnetc A thamal Behaviour of suparcondacions. and of HTS in panticulsr. Several groups

1 has beony acknowiedgoed that
(v

f this Neld

arcund the world have boen working on the deveiopment and tests of several modols
communicaton botwoen peopie invoived n this decpiine should mprove, N order 10 speed up the advancos

Aang $50 10 MR work dupscabion

The first siep In Thes Gracson was kan in 2010, with the organizaton of a workshop in Licsanng, Swizanand. The large
numder of attendoes and the positive foodback lead 10 the organzaton o other worshoes In the ollowing yoars soe

Workshop section for more delals

[.Hm,'\g TS0 WOrtahipd, MYy pETCRAnts recogned T need ol NVNG & DMt p'u.".:r- on the slomaet for
'n::.:a:-‘q (:l(!lil’-;\}‘h DESWEEN researchanrs and SCCaSNG LD -4 Inlormason on the latest 6('-\)&2(:4!!(:’:'.:
The am of ths wobsie is 10 be that plat'orm. Ploase browse through tha menu on ™ top 10 access the diferent pages of

this wobaiie. Do not hositate 1o contact us for comments, Griics and Sugoestions

IMPORTANT NEWS: A special seasion on numerical modelling will be held ot the upcoming Eurcpean
Conference on Applied Superconductivity. Check session 4M.LS: Modeling in the conference program.
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F. Sirois research activities

* My research activities at glance

— Applied superconductivity
* Modeling 2G tapes and devices
* Numerical methods and code development
e Custom characterization and quench experiments

— Materials characterization (experimental)

* Thermal and electrical characterization of Carbon Fiber
Reinforced Plastic (CFRP)

* Magnetic and thermal characterization of steels and alloys
* Thermal/mechanical response to lightning strikes

— Energy storage
e Distributed thermal energy storage in power systems
* Lumped energy storage in supercapacitors
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Modeling activities

 Example: AC losses in Roebel cables
Supercond. Sci. Technol. 26 (2013) 052001 (8pp)

1

107

T T
—@— Experimental data

2D Critical state no coupling
2D Critical state monoblock
=< = 2D Critical state high coupling

3D Powerlaw ... R |

Loss per cycle [J/m/cycle]

Inner face of strand _ v : : :
“ 107 le—i— : s
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Custom experimental infrastructure

* Very fast pulsed V-I current characterization
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Custom experimental infrastructure

* Pulsed current characterization (fast pulses)

500
450F . & 2000 @ A SNNEESEERT RN
o __10°
400} : E |frecccccccccccce g T acccccccccceolanncans
O
350} CE:
— ~— £~
< 500t c 10T P=1200 W/cm®
- R
250}
3 « P=200 W/cm®
| § 107}
- P ©
150 —197.5 A (fastrise) y7
—291.8 A (smooth rise) 'g -0~ CC sample 1 (Ag+Cu stabilized)
100 ~——406.7 A (smooth rise) o —— CC sample 2 (Ag stabilized)
s0b ——409.1 A (fast rise) 10°F = ==Cu shunt only, 77 K
- =-Ag shunt only, 77 K
0 : A : A i A A
0 5 10 15 20 100 1000
Time, t (us) Current, | (A)

IEEE Trans. on Appl. Supercond. 19 (2009) 3585 (6pp)
Supercond. Sci. Technol. 23 (2010) 034018 (6pp)
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Custom experimental infrastructure

* Lightning strike emulation
— 50 kA peak

100 kV capacitors
discharged in sample
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Custom experimental infrastructure

e Quench measurement

\b\
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Custom experimental infrastructure

e Quench measurement

o
o

Electric field (V/cm)

0.2f

o
o))

o
=

Physica C 469 (2009) 1462 (5pp)

Ruban supra 2G

NZPV =200 cm/s

Generation and propagation of
hot spot

NZPV: Normal Zone
15 Propagation Velocity

Time (ms)

IEEE Trans. on Appl. Supercond. 23 (2013) 4701605 (5pp)
Supercond. Sci. Technol. 27 (2014) 055013 (6pp)
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Introduction: hot spot issue

* Hot spotissue in 2G HTS CCwhen /,, = |
— Local variation of /_along tape length (= 10 %)
— Low normal zone propagation velocity (NZPV)

* So

ution #1 : increase stabilizer thickness
Reduced fault current limitation capability

Reduced engineering current density

 Solution #2 : accelerate NZPV

2015-12-15
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Introduction: accelerating the NZPV

2015-12-15

IOP PUBLISHING SUPERCONDUCTOR SCIENCE AND TECHNOLOGY

Supercond. Sci. Technol. 23 (2010) 014021 (8pp) doi:10.1088/0953-2048/23/1/014021

The effects of superconductor-stabilizer
interfacial resistance on the quench of a
current-carrying coated conductor

Y
‘Qurrent transfeL A = Rdl
G A Levin', K A Novak? and P N Barnes' [~ lengti(CTL™) 01

‘ metal

! Air Force Research Laboratory, Propulsion Directorate, Wright-Patterson Air Force Base,
OH 45433, USA

2 Department of Mathematics, Air Force Institute of Technology, Wright-Patterson Air Force
Base, OH 45433, USA

Received 1 August 2009, in final form 15 September 2009
Published 9 December 2009
Online at stacks.iop.org/SUST/23/014021

NZPV approx.

We present the results of numerical analysis of a model of normal zone propagation in coated Sca / es wi th CTL
conductors. The main emphasis is on the effects of increased contact resistance between the

Abstract

temperature rise inside the normal zone, and the stability margins. We show that with increasing
contact resistance the speed of normal zone propagation increases, the maximum temperature

inside the normal zone decreases, and stability margins shrink. 1his may have an overall
beneficial effect on quench protection quality of coated conductors. We also briefly discuss the
propagation of solitons and development of the temperature modulation along the wire.

Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015
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Introduction: NZPV vs R, .

experimental

SuperPower tape —4mm wide — stabilizer free (2 um Ag)—1.=102 A

2015-12-15

o R,=32X10%0cm* o R,=17X10"0.cm?
R,=35X10°Qcm* v R,=84X10°0.cm’
Ry=17X10°%°0.cm® 4 R,_=20X107 Q.cm?

NZPV (cm/s)

— 12
Current transfer A = Rd,
‘ length (CTL)’E — 01

metal

1000+
100-
»;-q qq K
4 ddq C\'
C.:](j
10 - . y — ' .
60 80 100 120
Current (A)

NZPV approx.
scales with CTL

Lacroix et al. IEEE Trans. Appl. Supercond. 23, 4701605 (2013)
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Introduction: NZPV vs R, .

experimental

SuperPower tape —4mm wide — stabilizer free (2 um Ag)—1.=102 A

NZPV @102 A (cm/s)

2015-12-15

1045 ! R RN | ! L
_ B
10°+ _ 3 _ 1
1 Commercial i Currenttransfer ; _ (R_dl)
] 2G HTS tapes - B Z [ 1
i i ‘ metal |
2 | |
Kk |
1 01 NZPV approx.
10° o 100 o 101 o 102 o ""1"03 scales with CTL
2
R (nQ.cm”)

Lacroix et al. IEEE Trans. Appl. Supercond. 23, 4701605 (2013)
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Introduction: NZPV vs R, .

experimental

SuperPower tape —4mm wide — stabilizer free (2 um Ag)—1.=102 A

NZPV @102 A (cm/s)

2015-12-15

10" ——— e
f n
103'; B
Commercial
] 26 HTS tapes m B High R, greatly increases
102 risk of quench at current
O’/ u lead connections
: B
10 10° 10’ 10° 10°

R, (uQ.cm”)

Lacroix et al. IEEE Trans. Appl. Supercond. 23, 4701605 (2013)
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Quench modeling of 2G HTS CCs

 Numerical modelling allows fully investigating
guench dynamics under various conditions

— time-varying current
— type of thermal disturbance

— variations in tape architecture
— etc.

* Basic requirements:
— Very nonlinear problem: full time-domain solution

— 2-D or 3-D models (3-D is actually VERY important)
— Ability to deal with thin layers

2015-12-15 Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015
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Numerical modeling of 2G HTS CCs

Finite element is the perfect tool for electro-

thermal simulations
* Model developed in

— COMSOL 4.3b

(Joule heating module)

— Equangns Current
~~~~~~~ den5|ty (J)

-~ -
el

aT
pmcp<T>§ +V - (=k(T)VT) = 0;,

Qi=0o(T)(—VV)?,

2015-12-15

Typical 2-D/3-D model of CC
architecture, including buffer layers
and HTS-Ag interfacial resistance

Stabilizer (Silver)

Buffer stack 0.15 um

Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015



2) OVERVIEW OF MODELS AND NUMERICAL METHODS

= EXAMPLES OF "SMART” MODELLING APPROACHES

- Thin interface conditions for quench problems

1/3rd  3p/2D Model Full 3D Model

. E » 30,000 Blement . e
~115 000 unknowns i/(_ FE 120,000 ejements
— ~360 000 unknowns z
. Computirmy tmeT~ 3 hrsXG%c “S =
1e-3s)ona 3.0 2quad- . W24 hrSLO to
core Core i7, 125B machine. 1e-3 s) on the samé madchine.

21 First HTS Modeling Workshop, Lausanne, CH — May 6*, 2010 | ‘:/‘ @ @.’/’ ﬂm...‘.g

16 W.-K. Chan et al., 1st HTS modelling workshop, Lausanne, Switzerland, May 2010. M,,\-%

Chan et al. IEEE Transactions on Applied Superconductivity 20, 2370-2380 (2010)
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Numerical modeling of 2G HTS CCs

* Finite element is the perfect tool for electro-
thermal simulations

* Model developed in

Buffer layers and HTS-Ag

contact resistance
— COMSOL 4.3b o
Approximation:
(Joule heating module) - Infinitely thin layers
— Equations: Current -
quations: ,7den5|ty£Jl____> Jz—U(T)(‘))—V_a(T)(VZ Vi
v. (\o(T)VV,)/— 0z :

Q; =0 (T)(=VV)?, + boundary conditions

2015-12-15 Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015
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Current Flow Diverter (CFD) concept?

* Highly resistive layer that partially covers the
HTS-Ag interface to increase the current transfer
length (CTL)

Stabilizer Flow diverter

Uniform

~ Normal zone

Current transfer
‘ length (CTL)’E

metal |

Heat $
generation

Superconductor

_ Current flow diverter
Current lines

* Increases the NZPV by an order of magnitude for
a given interface resistance (R))

ILacroix et al. SUST 27, 035003 (2014)
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Current Flow Diverter (CFD) concept?

* Uniform R,

* 10 mm wide
* 1=091I_

* |.=160 A

* T, =77K
° 3umAg

UNIFORM interfacial
resistance = 1 uQ.cm?

Volume: Current density norm (A/m")

Defect A 3.0565x107"

x10*

\ Edge of the tape

0.9

x10™

Center line of the tape 6%1(
(symmetry plane) .
X, t 0.X10
Y’) 0 -
V¥ 5.2371x107“

Lacroix et al. SUST 27, 035003 (2014)

2015-12-15
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Current Flow Diverter (CFD) concept?

* CFD

* 10 mm wide
* 1=091I_

* |.=160 A

* T, =77K
° 3umAg

Volume: Current density norm (A/m-)

Defect \

Edge of the tape

/

CFD interfacial
resistance = 1 uQ2.cm?

Center line of the tape
z (symmetry plane)

Lacroix et al. SUST 27, 035003 (2014)

2015-12-15
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A 67311x10™

x10°
9

¥ 3.509x107°
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Current Flow Diverter (CFD) concept?

* Highly resistive layer that partially covers the

HTS-Ag interface to increase the current transfer
/ength (CTL) a) Uniform

4 |
£ Center line of tape
Current transfer c 3 (symmetry plane)
™ length (CTL)™; %i’ 5 _‘
‘ L > Edge of the tape
20

1
0
0 5 10 15
b)

CFD

’ 110K
’g 4
ga 1100 K
g 2 190 K
] 80 K
00 5 ' >10 15 20
ILacroix et al. SUST 27, 035003 (2014) xeposition (mm)
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FEM Calculations: CFD vs. uniform

Top =77 K, | (77K) =160 A, lop = 0.9 1 A, t,; =3 um
= Uniform
| <-Flow diverter
o | = -
£ 107 . | =130 {-8-Uniform
2 4 40 times ] E <-Flow diverter
z faster . B120
N10" I
Z i o
| 43110
1) 8
10°° v | - 100!
10° 107 _ 10° , 10'  10°
,-(MQ-Cm ) £
£ 90
5 e
Low resistance part = 0.1 u€2.cm? = 1072 107" 10° , 10 102
CFD =1 Q.cm? R, (uQ.cm®)
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FEM Calculations: CFD vs. uniform

Too =77 K, I, (77K) = 160 A, |

4 Op

=0.91.A t,,

-=-Uniform
<-Flow diverter

» 40 times
faster

Low resistance part = 0.1 uQ.cm?
CFD =1 Q.cm?

2015-12-15

=3 um

Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015

Current transfer
‘ length (CTL)’;

l metal |

= Uniform
<-Flow diverter

Need 3-D simulations
to observe this |

27



Measured NZPV vs R; (I, = .= 102 A)*

Commercial tape 4

' ' 10 g @ 77 K 2 um of stablllzer
- 3m/s @R, = 0.6 uQ.cm? O
| * %
Uniform —~~ 3
; . @10% o :
CE) :
~ KXo O O
. > H
Flow diverter 2l 5 %
I [ N I
Z 10 ; O O O Commercial tape
- O O Uniform
- O
Buffer layers I <> Flow diverter 1
Interface
superconductor-stabilizer 10 i e e i e
R _6 4 -3
i s e 107 10 10 10 10
— :upe'rconductor R. (Q cm )
= Swabllzer ) o croix et al. SUST 27, 055013 (2014) !

s Substrate
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Questions about CFD

 What is the stability of CFD tapes ?

 What is the NZPV enhancement of CFD tapes
— at different operating currents ?
— at lower temperatures ?
— for thicker stabilizer ?
— for higher critical current ?

2015-12-15 Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015
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Questions about CFD

 What is the stability of CFD tapes ?
=» Measure the Minimum Quench Energy (MQE)

 What is the NZPV enhancement of CFD tapes
— at different operating currents ?
— at lower temperatures ?
— for thicker stabilizer ?
— for higher critical current ?

2015-12-15 Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015
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CFD tape fabrication

* Fabrication steps
— Ag etching / degraded REBCO layer as flow diverter
— Deposition of 1.5-2 um of Ag

— No degradation of /_
REBCO

T
\

I :

if

‘;'?}f

T
‘;351?" ‘,.
g

silver

THHMI

s

jl-tn

2015-12-15 Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015 31



MQE measurements

* 4 mm wide 2GHTS CCs, /.=102 A @ 77K, 2 um Ag
 Tapes 12 cm long with 2.8 mm (70 %) and 3.8 mm

2015-12-15

(95 %) wide CFDs were fabricated
(o)

@ ............ Current source
Voltage taps

I NdFeB magnet HTS tape
S .24%0 1234,

[ .

Ty e Y

/z

1
| /
b o o ol -
~
~
~

/
/
/
/
/

Magnet creates defect

Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015

LN, bath
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MQE measurements

/ Overcurrent pulse generates heat at defect location

120 ‘ ‘ ‘ ‘
100{('4 Operating current (/,,)
<
= 80
Q
3 60
©
)
= 40/
o
<C
20|
0 | | | \
0 5 10 15 20 25

Time (ms)

Voltage measured at defect location (V)

0.2

0.15¢

0.17

0.05¢

No guench

5

10 15 20
Time (ms)

2015-12-15 Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015
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MQE measurements

A slight increase in overcurrent pulse induces the quench

120 ‘ ‘ ‘ ‘ 0.2
2
A1OO’ %
< 80.15¢
% 80 :§
= \- ©
3 60 e : 01
9 o
(O] S
o 40r g
< £ 0.05/
()
201 g
| S
0 ‘ ‘ ‘ S 0- ‘ ~
0 5 10 15 20 25 0 5 10 15 20 25
Time (ms) Time (ms)

Several measurements back and forth across quench
threshold were realized to determine the MQE!

Jarvela et al. IEEE Trans. Appl. Supercond. 19, 3511 (2009)

2015-12-15 Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015
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Applied current (A)

2015-12-15

120

100

(00}
o

()]
o

N
o

MQE measurements

Current x Voltage integrated over time = MQE (J)

0.1

0.08;

0.06¢

0.04/

0.02}

Voltage measured at defect location (V)

Time (ms) Time (ms)

Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015
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Measurements of MQE vs [,

2015-12-15

10 - Commercial
—=—CFD - 2.8mm (70%) — NZPV®@Ic (X3) - Ri (X2.3)
—=+CFD - 3.8mm (95%) — NZPV®@Ic (X7) — Ri (X4)
8, ]
4 mm wide 2G HTS CCs
I.=102 A @ 77K, 2 um Ag
= 6l 1
£
LL!
2 4
2,
8 4 0.6 0.8 1
| /I
op C

Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015 36



Questions about CFD

 What is the stability of CFD tapes ?

* What is the NZPV enhancement of CFD tapes
— at different operating currents ?
— at lower temperatures ?
— for thicker stabilizer ?
— for higher critical current ?

=» Perform finite element calculations

2015-12-15 Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015
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Finite element calculations?

3D electro-thermal model developed in COMSOL 4.3b

* A power-law with J (T) and n(T) was Uniform — cross section CFD - cross section
used to model the E-J curve of REBCO l l

y

Tape width =10 mm
43210
POy

Substrate thickness (Hastelloy) = 50 um CFD - longitudinal view

Buffer layers thickness (Mg0O) = 150 nm Hlu i HHHHHHH

HTS thickness ((RE)BCO) =1 um

L.

* Intrinsic HTS-Ag interfacial resistance = = X
2
100 n€2.cm Buffer layers
* CFD interfacial resistance = 1 Q.cm? s L OW interfacial resistance
. — t flow diverter (high resistivity |
* CFD coverage = 90% HTS-Ag interface s

7 Superconductor s Heated area

= ‘V‘lrtual probe
= Stabilizer mmmmm  Substrate

Lacroix et al. SUST 27, 035003 (2014)
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Example of results

* T,,=50K, 1. (50K)=800A,l,,=009I,t,, =10 um

? Top
800

< 300 ‘ ‘ ‘
= 600/

@ NZPV =0.1 cm/0.56 ms =177 cm/s
3 400 AN
o R 2507 N
5.200¢ A4 N

o N—"
) 2 500! S

% 2 4 6 8 = Heat impulse N
Time (ms) ] 1 \\
11 = /

o5 S 1500 s

£ 4} F - 4 \

= ) /

3 = I A

2 100r 1 /, ¢

£° | [/

w1 1l

: 50— —

2 4 & s o ‘! 2 4 6 8
Time (ms) Time (ms)

2015-12-15 Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015



CFD vs. uniform tapes

* T,,=50K, I (50K) =800 A, I, =0.09I,t,, =10 um

Temperature (K)

2015-12-15

UNIFORM

Time (ms)

Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015

dT/dt at defect location is lower Higher NZPV |
for CFD tapes Y E
I. S \
/ Se ~ CFD \
— 300~ ‘ —
\
~ -~ - \
250V ~ ~
3 R
Py \
5 200 \\
©
3. 150 \
-
e ~ N
100 !
o 4 6 8
Time (ms)

40




Temperature along length

* T,,=50K,1.(50K) =800A,I,,=0.91,t,, =10 um, time = 10 ms

’ Top c’ “ag
500
— Uniform Peak temperature and

9400 —CFD temperature gradient
° are lower in CFD tape
= 300}
©
o
g 200 Reduces thermal
= stress

100

% 0.5 1 15 2~
X—position (cm) Heat deposited
at this location

2015-12-15 Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015



Total voltage in tape

* T,,=50K, I (50K) =800A,I,,=009l,t, =10 um

’ Top c’ “ag
2 ‘
—CFD
— Uniform
15/ Voltage peak and
S dV/dt are higher in
) CFD tape
>
)
S
05 Important for
' qguench detection
% 2 4 6 8 10

Time (ms)

2015-12-15 Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015



Questions about CFD

 What is the stability of CFD tapes ?

* What is the NZPV enhancement of CFD tapes
— at different operating currents ?
— at lower temperatures ?
— for thicker stabilizer ?
— for higher critical current ?
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NZPV vs. operating current

o TOp =50 K, IC (SOK) = 800 A’ tAg =10 um

300 »
=CFD

— = Uniform
E 200

o

>

N 100,

=Z

86 07 08 09 1 11

op C
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NZPV vs. stabilizer thickness

* 1oy =0.91 T, =50K, I (50K) = 800 A

2015-12-15

c,  op
4
R <CFD |
. | = Uniform|
2 3
E'IO;
S
2 4l
N 10 |
<
|
L A —
10° 10" 10°
tAg (,um)
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NZPV vs. critical current

* 1oy =091 To =50K, t,, =10 um

104 | |
- [ e
g 10 architecture
L | * gets more
= | efficientas |_
§ 10 =CFD increases
| | | =Uniform|
o ]
0 1 2 3

| @50 K (kA)
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NZPV vs. operating temperature

* 14,=0.9l, I, (50K) = 800 A, t,, =10 um

300 ' '
= CFD
m —=-Uniform
§°%° —
>
N
“ e I D\S\E\E\E\E\Eﬂl
0

0 20 40 60 80
Operating temperature (K)
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Processing feasibility of CFD tapes

* In few word: not so obvious!
— Patterning not easy to integrate in current processes
— Uniform architecture much easier, but less effective
— Needs further discussions with tape manufacturers
— But in the short term... Stabilizer

Flow diverter
(see next slide) Normal zone

Current flow diverter
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Alternative CFD architecture

* Buffer layers are electrical insulators: can act as CFD

 HTS-Ag interfacial resistance is kept low

e Stabilizer is kept very thin on the HTS side but thick
on the substrate side =@ b-CFD architecture

Cross section 4
-— C
T,=10K
. (10K)=1.6 kKA
— > 27
Iop 0.91. -
Buffer layers tag =20 [J,m = 1t
e | ow interfacial resistance
1 Superconductor (tOtaI)
= Stabilizer 0 = X X
mmmmmm  Substrate 10 10 10

o _tagon top (um)
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b-CFD architecture

* First experiment on 4-mm modified STI tapes:

Ton =77 K, I (77 K) = 50-60 A, t,, = 2 um (total)

Sample A Sample B

YBCO

Buffer

Substrat

(100 um)
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b-CFD architecture

Modified STI tapes: Sample A . Sample B
width =4 mm YBCO 2
— Substrat ——
TOP - 77 K (100 um) Substrat
IC (77 K) - 50'60 A :oo;lm)
t,, =2 um (total D I e e e
ag = 2 m ( L o _
7p) i
~
E 2 _
= _
n 1r B -
0 - : ' L . .

50 60 70 80 90 100 110 120
A B
I Ic Current (A)
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Summary

 What is the stability of CFD tapes ?

— Reduced MQE in CFD tapes 107 7 Gommercil

—=~CFD - 2.8mm (70%) - NZPV@Ic (X3) - Ri (X2.3)
(tradeoff between NZPV and MQE) | =CFD - 3.8mm (95%) - NZPV@Ic (X7) - Ri (X4)

— Reduction less pronounced
as we increase |,

®

MQE (mJ)
e

o T <

8.4 0.6 0.8 1
W

op ¢

(experimental measurements)
L Also observed by Wang et al. JAP 101, 053904 (2007)
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Summary

 What is the NZPV enhancement of CFD tapes at

different lops lower T, thicker stabilizer, higher|_?

(FEM calculations + experiments)

— Increases NZPV (dV/dt) and Veak : important for quench detection

— Decreases dT/dx : good for reducing thermal stress

(FEM calculations) ...including low temperature

— CFD effective for all operating conditions and parameters
* Acceleration of NZPV by a factor 10 and beyond
— Effectiveness increases as I of CCs increases : follows industry trend
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Conclusion

* Current Flow Diverter (CFD) concept:
— might be the right approach to make quench detection easier
— applicable to a broad range of applications (SFLCs, magnets, ...)
— promising for making more robust HTS devices based on CCs

Stabilizer Flow diverter

Proved experimentally
on small tape lengths

Normal zone -,

Benefits come in
addition to progress in
magnet quench
protection strategies

Current flow diverter
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Appendix: NZPV measurements

Kl \o' ‘42:3:4., /
T

Voltage taps /
/i NdFeB magnet 2.5 mm

__100¢
. <
Distance = 80
(0]
between taps = |
3
= 40
<

0 5 10
] 1 | | Time (ms)
T | 2
R.=0.5 nu€.cm
= 08" NzPV = 200 cmis
S )
Buffer layers ‘_C'; 0.6f
Low resistance interface [
Flow diverter (high resistivity layer) E 0.4}
o Superconductor mmmssm Low J region g
= Stabilizer mmmsmm  Substrate L 0ol
0
0 _ 15
. U , Time (ms)
2015-12-15 Sirois/Lacroix, Séminaire CEA, Saclay, France, 14 déc. 2015

20]] \ 1
0 . .

15

56



