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Recent shipment of Fujikura’s RE-based HTS tapes
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B Recent status of 2G HTS wires at Fujikura
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Typical Specifications of RE-based HTS tape at Fujikura

[mm] [um] [uml m

FYSC-SCHO4 0.13 > 165 368
FYSC-SCH12 12 0.13 75 20 > 550 1,104
FYSC-S12 *? 12 0.08 75 = > 550 —
FESC-SCHO02 "2 0.11 50 20 TBD (257)
FESC-SCHO3 ™2 3 0.11 50 20 > 63 497
FESC-SCHO4 2 4 0.11 50 20 > 85 663
FESC-SCH12 2 12 0.11 50 20 > 250 1,990
FESC-S12 "12 12 0.06 50 = > 250 1,990

*1 Non-copper stabilizer specification is available in only 12mm-wide for current lead or low thermal conducting applications.
*2 Artificial pinning specification is mainly for use in magnet applications at low temperature and high magnetic field.
*3 Ic@20K, 5T is a reference value and no guarantee of the actual performance.

*4 If requested, an option customizing copper plating thickness is also available. (e.g., 5pm, 10um or 40um)

FYSC(Non-AP) is recommendable for use at relatively higher temperature.
FESC(AP) is recommendable for use in magnet applications at lower temp. and higher field.

Stabilizer [Cu plating] 20um

Protection layer [Ag] 2 um
HTS Layer [GABCO] 2 pm / [EUBCO+BHO] 2.5 pum 4
Buffer layer [MgO, etc.] 0.7um '

r Substrate [Hastelloy®] 75/ 50 um
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Example data of longitudinal I, distribution of 4mm-wide tape

B Measured by Current conduction measurement every 4.7 m (with AP / FESC-SCH04)

160 80
140 70
§ 120 60
2 100 50 g
g 80 40 T>u
< — L
— 60 { 30 <
= o AR A 9000, 01060000,00 00000, MNP AU P00 Py, AoSPonns, »
< 4 M ‘“ ~ * had "“om 20
2 20 77K, Self-field * |c criterion: 1uV/cm 10
Avg. Ic 136A, 6=1.3A, Min. n-value : 20.7 * Range of n-values:10°~107V/cm
0 0
0 100 200 300 400 500
Position (m)
B Magnetic measurement @Tapestar™ (4mm-wide with AP / FESC-SCHO04)
200 7"
@ 150
3
£ 100
£
I
= 50 _ — Max
= 77K(LN,), Self-field _ in
o0 - O - ot
0 100 200 postion Il 300 400 500
r Position [m]
. : : : E— —— :
uite uniform |. with artificial pinning tape and over 500 m are obtained
F Fujikura q : pinning tap

.. IEEE CSC ¢ ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), Issue 52,
© 2022, Fujikura Ltd. & EFATS

January, 2023. This presentation was given at EFATS 2022 (virtual) August 30-31, 2022.



Example data of longitudinal I, distribution of 3mm-wide tape

|
3 mm-wide tape: FESC-SCHO03

B Measured by 4-terminal method current conduction measurement at every 4.7
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Example data of longitudinal I, distribution of 2Zmm-wide tape

|
2 mm-wide tape: FESC-SCHO02

B Measured by 4-terminal method current conduction measurement at every 4.7 m
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Evaluation of lot-to-lot variation of in-field I, (1)

Evaluation results between Ic at 77K, self-field and in-field Ic, compared with conventional(w/o AP) tapes
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[ Fujikura’s tapes show very good correlation ]

<> measured at Fujikura, and exploited values with Ic

rl Fuj i ku Ila [1 in-field Ic measured at Tohoku university
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Evaluation of lot-to-lot variation of in-field I, (2)
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[ Fujikura’s tapes perform very good reproducibility ]
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Typical data measured in RRI(robinson research institute)

Fujikura FYSC 2G HTS
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Outline

B Evaluation of the mechanical properties of 2G HTS wires
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B Tensile stress evaluation at LN, temperature (Reference) fgagtg"*mm%rce“gfwer
* Sample : 4mm-wide, 75 um-thick Hastelloy + 20 um-thick Cu plating (FYSC-SCH04) e e ] sueoly
4mm-wide, 50 um-thick Hastelloy + 20 pm-thick Cu plating (FESC-SCH04)
* Measurement method :
1. Ic measurement without load in LN, (Ic,) Voltage lead | ICGl;rdrent
2. lc measurement with applying tensile strain in LN, (Ic,) Strain gaug
3. lc measurement without load (Ic,) after applying tensile strain in LN, Chuck electrodg LN Sample

Insulation plat

Ic/Ic, versus tensile stress

Ic/Ic, versus tensile strain Schematic of tensile test

P Fujikura

© 2022, Fujikura Ltd.
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the difference is due to the difference of thickness of HTS layer - strain = 0.4%
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Bending Property
|
B Bending property evaluation at LN, temperature (Reference)
e Sample : 4mm-wide, 75 um-thick Hastelloy + 20 um-thick Cu plating (FYSC-SCH04)
4mm-wide, 50 um-thick Hastelloy + 20 um-thick Cu plating (FESC-SCH04) Current lead
Voltage
electrode
Current electrode

* Measurement method ("Goldacker" continuous bending method) :
Insulation plate
Schematic of bending test

1. Ic measurement in straight in LN, (Ic,)
2. lc measurement with applying bending strain at LN, (Ic,)
* Bending direction is tensile direction with superconducting layer outside.

<

3. lc measurement in straight (Ic,) after applying bending strain in LN,

1.2
Ic/Ic, versus bending radius
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No Ic degradation for 0.8
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0.4 I i
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the measurement limit
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00 m™ ™ ————— ]
5 10 15
Bending Radius [mm)]
@) EFATS
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Example data of compressive test at room temperature

B Sample: FESC-SCHO04 (4mm-wide, 50 pm-thick substrate + 20 uym-thick copper)
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Evaluation of tensile properties of divided 4 mm-wide

e Load cell
Tensile properties of 3 parts of 4 mm-wide tapes Data 'oggingsvste",;t DC power supply
.. . . Al
divided from 12 mm-wide coated conductor in LN2 3
Samples reversible |. K
(FYSC) | Strain [%] | Stress[MPa] | 4mm{
N=1 0.523 820 imm { 12mm
1 N=2 0513 817 mm { IE L T S | current lead
2 N=1 0.521 813 Strain gauge || C.C. sample
N=2 0497 768 Chuck electrode —- the "j
3 N=1 0.514 810 Insulation plate 1
105 N=2 0.496 795 105 * Reversible |, is defined at I./l.,> 0.99 |, : Initial Ic
1.00 @ e—er—e—w 100 & o
o
095 —— % © 0.95 \e
o _ s} . T o)
T, | O 1N ® 3 o °8
S 1 = = 1 N=2
0.90 O 2N=1 090 8 5 N=1
o 2N=2 o _ o
0.85 | - O 2N=2
x 3 |\|1-2 % 3 N=2
0.50 | 0.80 |
0 200 400 600 800 1000 0 0.1 0.2 0.3 0.4 0.5 0.6

Tensile stress [MPa] Tensile strain [%]

r’ Fu k Each divided 4 mm-wide HTS tapes by laser slitting have shown equivalent tensile properties.
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Mechanical Strength & Reliabilitx Cyclic Fatigue Test

- Maintain initial strength up to ~ 10° cycles
- Above that, the tensile strength decreases

- Repetition frequency : 1 — 12 Hz (sine wave)

- Maximum stress : 0., = 645 -365 MPa

- Stress ratio : R = 0,,,,0in = 0.3 (constant)

1.02
1.01
1.00
0.99
0.98
0.97
0.96
0.95
0.94
0.93
0.92
0.91
0.90

Ie [ 1co

1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07

FFujikura

due to fatigue of metal components of the

tape.

- Origin of the crack is confirmed by the copper

layer.

—e—36/MPa ——505MPa
—e—551MPa ——551MPa

—a—551MPa 551MPa
S569NMPa —e—569MPa
—&— 5/7/8MPa 59/MPa

—e—597MPa —»—624MP3
——624MPa ——643MPa

| ||. | L

Number of load, N
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Improvement of delamination strength

<Delamination stress test by thermal stress inside impregnated coil>

Epoxy-impregnated coil

Cooling
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H. Miyazaki et al., IEEE TAS, 25 (2015)
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<Heat cycle test (R.T. ~ 77K)>
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Outline

B HTS magnets
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Feasibility Study of conduction-cooled sextupole HTS magnet

v Development of quench detection and protection ~ COllaborate with KEK

— Study of voltage detection K.Tsuchiya, et. al

— Optimization of copper stabilizer (E)
v Uniformity of magnetic field

—  Shield current

— Wlndlngs Parameter Value

Bore radius 40 mm

Coil length 200 mm

Yoke radius(inner, outer), length | 150.5, 195, 200 mm

Normal sextupole
Coil width (inner, outer), height | 38.6,83.6 mm, 9.0 mm «—
Number of turns 112 x 2 turns y
Operating current 2576 A I " S h ow
Max B// on the conductor 2277 Tod ay
Max B_L on the conductor 1.30T

electron- Stored energy 2.1kl
beam - Skew sextupole
Coil width (inner, outer), height | 76.6,34.0 mm, 4.5 mm
Number of turns 43 turns
Operating current 259.5A Recentl y
Max B// on the conductor 0.79T .
Max B_L on the conductor 0.56T fab“cated
Stored energy 0.13 k
SuperKEKB -
KEK: High Energy Accelerator - 0 2

Research Organization

FFu ikura
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Fabrication and evaluation results of pancake coils

FYSC-SCHO04-FPI : FYSC-SCHO04 with Fluorine coating polyimide tape insulation
HTS tapn polyimide Fluorine coat o i of 26 HTS wire (FYSC-SCHO04)>

Stabilizer [[electroplated copper] ] 20 um
epoxy Protection layer [Ag] 2 um~
/ . HTS layer [GdBa,Cu;0,] ~2 um l.
resin f
Buffer layer [MgO, etc.] ~0.7 um
Substrate [Hastelloy®] 75 um

cross section of pancake coil

1.0E-06 ¢
_ - 77.3K

5 1.0E-07 .

S - | o#1 0O#2

S -
' & 10p0s . 4H3 x#4

= - | +#5 o#6

1.0E-09 | I
10 100

Current [A]

6 DPCC with Vacuum Pressure Impregnation .
|-V characteristics of 6 DPCC at 77 K

FFujikura n-values > 25 at 77 K of all 6 DPCC — Good performance
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Excitation test of sextuple HTS Magnet at 77 K, 4.2 K

Double p]pbf forg
{1eld measturgment

N DC power source 80 I
|y —_ Current T:3= 908mS
Circuit =
' Dump resistor breaker 5 40
= S S s L S A L |
) (0.75 Q) _ O 20 Dump trigger
K W : S 0 —1
Trigger <
[ron voke REBCO Sextuple signal En-zo
3 ‘H1 #2 #3 #4 #5 #6: 2 .40 ST R TR ] IEUE I EEEREREEE
i : agnet voltage
\’ E St o | RS o -;--Quench 60 ' o '
Helinm ' f¥ detector -0.1 0 0.1 ‘0.2 03 04 05
level ; Vva,an{ Vap=40 mV Time (s)
probe tqr=10 ms Dump results of the sextupole
magnet and measurement setup, the electrical schematic of dump circuit. magnet at 77 K
s 5
77K 4.2 K
#1e

4.5 The magnet excited
P = o | up to 250 A at 4.2 K

#2.6 ' )
0 N i

-1 I .
0 20 40 60 80 ] 100 200 300

r mm Current (A) Current (A)
r Fll_l I kU ra I-V curve of the sextupole magnetat 77 K and 4.2 K
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Summary

B Strengths of Fujikura's RE-based HTS wire is uniformity
- Fujikura has focused on manufacturing uniform RE-based HTS tapes

-We recently start to ship 2mm and 3mm-wide tapes

-We have investigated various mechanical properties of the RE-based
HTS tapes for the applications.

-We try to understand our HTS tape through application of HTS magnets

B Fujikura has studied for increasing current density at high field

Thank you for your attention !
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