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Fujikura's REBCO coated conductor (IBAD / PLD)

Cu (75 um) Polyimide insulating
Ag
PLD-GdBCO
CeO,
IBAD-MgO (~10 nm)
Y,05 (~20 nm)

ALO, (~150 nm)> \‘\\
\ \ \ .

N INIENEREINEE

10 mk Non-textured Hastelloy 75 pm

lon Beam Assisted Deposition (IBAD) Pulsed Laser Deposmon (PLD)

R-to-R system R-to-R system _
with large ion source with hot-wall heating -
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Typical spec. of REBCO c.c. at Fujikura

B Typical Specification

Products Width Thickness Substrate Stabilizer Critical Current (A)
(mm) (mm) (um) (um) (@77K, s.f.)
FYSC-S{ v* Fujikura will change original wire width from > 250
FYSC-S{  conventional 10 mm to new 12 mm wide. » 500

v" New products based on 4 mm wide will be released
| > in the 1st quarter of fiscal year 2015.

c

B Schematic of Fujikura's REBCO coated conductors (c.c.)
Insulating tape [Polyimide] 12.5 um x 2 layers (Non-adhesive film) |

Stabilizer [Cu] 75 um .
Protection layer [Ag] 2~ um

Superconducting layer [GdBa,Cu;0,]
Buffer layer [AL,O;, Y,05, MgO] ~0.7 pym
Substrate [Hastelloy®] 75 um
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Uniformity of production wires

» Longitudinal /. distribution quite uniform /., > 500 A/cm with L > 500 m obtained

800 l I l T r T r T r T ' T
2 6 O 0 IN227422 ”LuuAz)nun””uunnL‘l‘;y‘Q)‘)%)‘;‘,‘ ;‘)‘)‘)‘)‘)‘l‘))‘)‘)‘)‘n‘ )‘A‘A‘!“‘ ,‘;“ ,‘,‘ Y A‘)‘A‘A‘A‘!))L"‘{[IAI"{‘L_"“"‘I;_“)‘)“_)‘)) Y Y Y Y Y Yy YWY YWYy '
: 5 0 0 MWK MWWV N WY, W
X 400+ - N
Ny ° Wire A
= 200 Current- conduction 4 Wire B |
| Measured every 4.7 m v Wire C
0 . criteriop: 1 uViem 1 1 1 1 1
0 100 200 300 400 500 600 700
Position (m)
______ |WieA |WireB___WireC___
1. Piece length 621 m 700 m 987 m
2. I, (max.)* 700 A 590 A 562 A
3. I (min.)* 649 A 555 A 533 A
4.1 (avg.)* 677 A 575 A 550 A
5. Uniformity** 7.5 % 6.1 % 5.2 %
r *10 mm-W **Uniformity : {/. (max.) - /_ (min.)} / I_ (avg.) x 100
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In-field /. distribution in a 1 km long demo sample (10-77 K, 3 T)

© (A/Cglo)()[_\* ] w;;"ﬁ e Z;;mlli;;;;”;ﬂz:;;;;:;;:g SO 0N e Max.
g d UJ I eyt Min,
400 | / /
200 / / /
0 ' ' l ' Tapésltar® measuremer]l
¢ 2 0.4 |l 06 0.8 1.
Position (km)
\ \/ \
1000 +° : . . L 47’.’6#4 3 Pé
P i
& 90—
TTK g pmmmdmmmgmm o mm s i ——— T T =239
6] i ) o . 50K
5 ) ‘ * * ‘ 65 K
< 100 -
=~ A B C D E
o 8 = = S =& a77 K
B - 3T,Bllc DC 4-probe method
10 L b b e
% 0 100 200 300 400 500 600 700 800 900 1000 1100

Position [m]

Uniform /I, >500 A(77K,s.f.) and in-field /. in wide range of temperatures are observed

F e STDEV / average < 5.8%
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Longitudinal /-8 characteristics at 77 K, 3T

|
L
tape

Same samples shown in last page

80
77K, 3T || mA
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60 oC H
| XD
~ 50 oF |
< 40
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Outline

B Characteristics of REBCO coated conductors
for 25 T Cryogen-free Superconducting Magnet
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[, distribution of typical c.c. for 25 T-CSM

c [4]
300 s Ave [ =286A 0=437A
< 200 o
S
100 w0
0 measured by Tapestar™
v 000 e o - o0
0 20 40 60 80 100
Position[m]

ciA) Ave. IC =322A, 0=512A

[ A A e A i o 0 o B N 5 A 7 APttt NP e bl AN s e e\ it g ot Al bt g P e ot e P N PP s At P o A ot I A, ]

AL e Akt AR S b kol B b e e At i1 . 1 S i e o o0 L i i s 1 i
300 200 {

measured by Tapestar™

0 ¢ e g e o e S L 60000 T

= S A

0 20 40 60 80 100
Position[m]

Standard deviation (o) of 70 pieces of the mass-produced c.c.
— Average (calculated) : 4.54 A
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|.-B-T, |.-B-6 characteristics for hlgh field magnet

E
3 1000
100 — ‘ L ‘ 0 i ‘ ‘ ‘ ‘
1 10 0 5 10 15 20
nIm
6000 | BT]
5000 |
| I.=498 A (77K, s.f.) (10 mmWv)
_ 4000 |
3
E 2000 | _ _ _ 7 This work includes data measured
< i at the High Field Laboratory for
_ 2 000 & Superconducting Materials,
c-axis i | aaat® Institute for Materials Research,
?; 1000 | A Tohoku University.
tape [ N
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The correlation between /|, at 20 Kand /. at 77.3 K

GdBCO layer : 1.9-3.5 ym
I.(77 K, s.f.) 498-702 A
Length > 100 m

600
E R : correlation coefficient
500 /
b 0 o
3 E o o ..~
g 400 c(:)o %o
:f E 0. 0o %
— 300
-
! ) |
~ 200 773K, 0.6 T - 773 K,s.f. —
= R = 0.847 J R =0.373
<100 |
E B//c N =16
0 | | | | 1 | 1 | 1 1 1 | 1 | 1 |
0 200 400 600 800

1(77.3K) [A/cm-w]
[ I, (20 K, 15 T) have stronger correlation with /. (77.3 K, 0.6 T) rather than /_ (77.3 K, s.f.) ]

" Fujikura

presented by S. Fujita at ASC 2014
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Thickness dependence of /, for self-field and in-field
.
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Typical tensile characteristics for the production c.c. at 77.3 K

1
5 mm-wide REBCO c.c.

O Sample

O Grip distance : 160 mm
Distance of voltage taps

O Procedure (in LN, )

100 mm

1) Measure [, before loading (/)

2)Load tensile stress in LN, (tensile stroke ratio 4.8 mm/min)

3)Measure I, during loading (/; |0aq)

4) Measure |/, after loading (/; yn0a¢) (Unloading state)

1.05

1.00 §—W

<Loading>

0 200 400

Tensile stress [MPa]

N =10

- -

MRt
%

o

600 800

1000

’c unload / ’cO

Data logging system

%

Load cell

DTC power supply

—

| — Current lead

Voltage tap™
Strain gauge || C.C. sample
Chuck electrode -
Insulation plate
1.05
N =10
1.00 ® ® B a2 @& x_{%
0.95 A B
[
0.90 N
0.85 o*B
L
0.80
.0
0.75 .
<unloading> -
0.70 - - -
0 200 400 600 800 1000

Tensile stress [MPa]

=

Ave. reversible tensile stress > 788 MPa, [/l.,> 0.99 (N = 10)

Fujikura
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Typical repeated tensile characteristics up to 10,000 cycles at 77.3 K
|

Load cell
Data logging syster}r}\ t DTC power supply
O Sample : 5 mm-wide REBCO c.c. vl
(GdBCO layer 2.5 um?) \
O G_rip distance : 160 mm volage tag~ ] L current lead
Distance of voltage taps : 100 mm Strain gauge — |} c.C. sample
LN,
Clhuck e.Iectrode —«~\_I- -‘j
nsulation plate 1

1.05

1.00 @ 8 o 8 o Qe
095 ? ? ?
< 090 ........................ _________________________ _________________________ _________________________
~ 085 SRS ——— SR— SRR—
- 773K, sf 5 ' OLoading
080 " Ave. 729 MPa pro—— “GUnloading
0.75  Ave. 0.459% ; ;
070 1 1 ;1;11;3 1 1 AllAlAi 1 1 11 1 T A
1 10 100 1000 10000

Number of cycles
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Outline

B Development of REBCO coils at Fujikura
-Development of a 5 T 426 kd REBCO magnet

P -s
l' Fl.lj i Iﬂ.l fd WAMHTS-2 @Kyoto, Japan, November 14, 2014

15



Development of REBCO impregnated coils

0 Fujikura has developed several impregnated REBCO coils

1.E-05

9.E-06
2 BE-06
§ 7E-06
< 6E-06
2 5E-06
2 4E-06
S 3.E-06
Y 2 E-06

1.E-06

0.E+00

Cal. Coil Ic = 85.8A
Measured Coil Ic = 85A
( 106 V/cm criterion )

1 12 23 34 45 56 67 78 89 100

, : 15 Number of turns 34
! < 133 mm > -1 336 =
B .33 5
£ : E
T 132 o
= ®
No. 1 coil g 131
"2 No. 2 col {a0 £
=1 No. 3 cail = . s
No. 4 caoil - 129 5
No. 5 coil 3 S ©
F -15 L L - L — 2.8

No. 6 coil 4745

74.
0 100 200 300 400 500
Current [Al
V-l characteristics in 2.85T back up field, at 20K

Measurement wires

6-layer stacked coil using 200 m
(600 turns)
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Development of 5 T REBCO magnet with 20 cm bore

» Fujikura's 10 mmw coated conductors » Composed of 24 pancake coils
» Total tape length : 7.2 km (300 m x 24) » Total number of turns : 5775
» Stored energy : 426 kJ » Operating temperature : 25 K

6 500
== Central Magnetic Field

720 min | - 400

---r 333A

Current ) | 300

Temp. (top) =
Temp. (bottom) - 200

-+ 100

Magnetic Field (T), Coil Voltage (V)
w

Current (A), Temperature (x10-! K)

4 Coil Voltage

- i 0
0O 150 300 450 600 750 900

Time (min)
Fujikura Ltd. successfully developed The magnet can be excited up to
a 5 T REBCO cryocooled magnet in 2012. 5 T for 720 min after 2nd cooling

M. Daibo, et al., IEEE Trans. Appl. Supercond. 23-3 (2013) 4602004
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Development process of 5 T 426 kJ REBCO magnet

O Fabricated a model magnet with dummy coils before the fabrication
of the 5 T 426 kd REBCO magnet

O Evaluated a model magnet with dummy coils
including thermal runaway test under conduction-cooled conditions

O Fabricated the 24-stacked coil of 5 T 426 kd REBCO magnet and
evaluated the 24-stacked coil in LN,

O In 2012, Fujikura Ltd. successfully developed a 5 T 426 kd REBCO
magnet with a 20-cm-diam. room temperature bore

small pancake coils Model magnet 24-stacked coil of 5T 426kJ REBCO

magnet evaluation in 2012

evaluated in 2011 for 5 T REBCO magnet = 5T 426kJ REBCO magnet

HTS pancake coil

heater.
,,Cerr;ox
“—| _sensors
splice  \ bobbin

A\
dummy coils cryostat

4 & 20 cn ST» & V.
| = v — -
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Specifications of 5 T 426 kd REBCO magnet

Parameters Values
| Inner diameter of coil 260 mm I
: Outer diameter of coil 935 mm :
I Coil height 271 mm :
L Number of pancake coils _ _ _ _ _ _ . |
Total tape length 7.2 km (300m x 24)
Total number of turns o775
Operating temperature 25 K
Operating current 333 A
Central magnetic field 50T
Inductance 7.68 H
Stored energy 426 kJ
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Specifications of a model magnet for 5 T REBCO magnet

Parameters values

h________

I Outer diameter of coll 515 mm (5395)

I Total number of pancake coils 24
I Number of REBCO pancake coils 6
1 - Number of "dummy coils" (pancake coils 18

Total number of turns of REBCO coils 1350

"dummy coils"” : epoxy-impregnated pancake coils
using the same dimension copper tapes of REBCO c.c.
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F Fl.lj i kl.l fd WAMHTS-2 @Kyoto, Japan, November 14, 2014 20



Specifications of REBCO c.c. of the model magnet

Parameters values

Thickness of Substrate 0.1 mm

Thickness of Cu stabilizer 0.3 mm

Ag layer Cu Stabilizer ( Laminated with solder)

\

Super conducting layer
(GdBCO)

Buffer layers

Hastelloy®(100um)
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Stabilizer thickness for protection of 426k REBCO magnet

The heat balance equations (under adiabatic conditions)

StCt(T)aa—]; = Ostab stab(T) y v.]stab(t)z 600

Cu 0.1 mm (V,,= 1000 V)
500

400 /7
7 Cu 0.2 mm (V,,= 500 V)

J‘T Ct IT _ Sstab d n E stmb,()
psmb(T) St

~
2~

m

Maximum Temperature 7, (K)

300
o/o } = 1000 V)
‘ é 200 & 500 V)
x
> S < £
> g > 5 100
- 2 < 3 = 1000 V)
(1) £ T3
(&)
2 £ - | 2 0
& g 23] 3 L T
S N S n i
E g 3 Delay time t4 (s)
5 &
zZ

Fig. Calc. results of max. temperature after quenching

as a function of delay time for Cu thickness :
Fig. Protection circuit representing a quenching coil V,,=1000 V (solid) and V,,= 500 V (dotted)
(T,=25K, 1,=333 A, E=426 kJ)

M. Daibo et al., IEEE Trans. Appl. Supercond. 23 (2013) 4602004.
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Schematic of the model magnet

GM cryocooler

=== REBCO pancake coils

——— dummy coils
(using copper tape)

’ HTS pancake coil
/ heater Bl
top DPCC E—ﬁ
/,Cerr;ox
center DPCC ——— - sensors
bottom DPCC
splite Y =" onbin

dummy coils cryostat

» compared calculated and measured coil /. of the top single pancake coil
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Comparison of coil /. of the top single pancake caoll

n(B.,T,0)

I . _R_ . .
- Z 2727 %106 in the calc., l.C B-6 characterlstlcs of
Iy (B, T, 9) c.c. are obtained from the fit of the
—m———— experimental results of short sample
600
-g Calculati
2 0o O GCalculation
] 500 O Measured
£ 400 | Ba
=
> B
3 300
=
E 200
; 100 a
o
O
O | | | | |
20 30 40 50 60 70 80

Temperature [K]

the difference between calculated approximate expression
and measured coil /,at 30 - 77 K : within 5%

Fujikura

WAMHTS-2 @Kyoto, Japan, November 14, 2014

of the model magnet

24



Thermal runaway test of model magnet at 46 K

20 - . 400
- current—— _
g 18 : !  EEREREEE 1361A
° 16 | : S1o e : 5
2 312, 1 300 %
v 14 + B ARRRREETS SEEEEEEE 1281 A—
1] : l - o
S 12 - 2
© . ©
=2 10 | 4200 “éi
E 8 | - - 2
go 6-5’7 - a - Vi arans - top DPCC i <
= a L1/ teme ttomios . | 1 100 %
= o3gl ff TTRUTRIT TS | S
2 (D) O | Q
0 . ‘ - I i I:p
bottom DPCC ' center DPCC
0 500 1000 1500 | 2000 2500

1776 2088
Time [s]

l,=361Aat 1776 s : a slight increase of voltage of top DPCC is observed

» After maintaining for 312 s, [, is ramped down at 1.66 A/s ramp rate

P .o
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Comparison of the ramped down current of the model coil
and predicted current decay profiles of the 5 T 426 kd REBCO magnet

400

350
300

250 -

the calculated current decay
profiles of

5T 426 kd REBCO magnet
with a dump resistor

<
€ 200 V. =1000V: 1=2.56 s
3 150 V. =500V : 1=5.12's
: ramp down
100 - . from361A | |V, =333V: 1=7.68s
50 - \\\ )

Shut down occurs at t=0.

Thermal runaway test was conducted
under stringent conditions of 5 T 426 kd REBCO magnet

" Fujikura
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Excitation test results after thermal runaway test

20 400
0] 18
-
; 16 current —— -
< ..\l  p— - 300
«= 14 .
0
= 12 <
c ] )
@ 109 | o 1 200 E
s <——magnetic field : o
—_ 8 B 5
> . O
E 67 1 100
@ 4 1
g top DPCC
g 2 r bottom DPCC , g center DPCl

0 1 | 1 0

0 200 400 600 800 1000

Time [s]

Model magnet with a 0.3-mm-thick copper stabilizer was excited up to
300 A without degradation at 46 K after thermal runaway test

B started to fabricate 5 T 426 kJ REBCO magnet in 2012
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Specifications of 5 T 426 kd REBCO magnet

Parameters Values

Inner diameter of coil 260 mm
Outer diameter of coil 535 mm
Coil height 271 mm
Number of pancake coils 24
Total tape length 7.2 km (300m x 24)
Total number of turns 5775
| Operating temperature 25K :
| Operatingourrent __ 33A
Central magnetic field 50T
Inductance 7.68 H
Stored energy 426 kJ
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Specifications of REBCO c.c. of 5 T 426 kd REBCO magnet

Parameters values

Width of REBCO coated conductors 10 mm
Thickness of Substrate 0.1 mm
Superconducting layer GdBCO
Thickness of Cu stabilizer 0.3 mm
Critical current (1,) (77 K, s.f.) (107 Vicm criterion) > 467 A
n-value (77 K, s.f.) (range from 10 to107 VV/cm) 24~38
Ag layer Cu Stabilizer ( Laminated with solder)
Super conducting layer \

(GdBCO)
Buffer layers

Hastelloy®(100um)
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Calculated coil I, of 5 T 426 kd REBCO magnet at 25 - 77 K

Measured / -B-6 characteristics
Calculated magnetic field of coil

— Calculated coil /. at25-77 K

&6

.I
.-.....IIIIIIII-
'-. 20K, 3T
= 1 F --.-Illlllllll
“ 20K5T1
- 77K, 05T
~ AL, A A A A A A A A AAAAAA LA AA MLARZ
- AMMMMMALL A A A A A A A AAAAAAAANAASL
> —— 77K 1T
- A A A
0.1 t AAAA‘A‘AAA‘A“
77K, 3T
B//ab B//c
0.01 L1 1
-10 10 30 50 70 90

" Fujikura

angle @ [degree]

WAMHTS-2 @Kyoto,

7 n(B,T.,0)
=) 2mrx107° :
V Z zr x10 [IC(B,T,Q)]

I; :transport current (A) B : magnetic field

r: radius T : temperature
V : voltage
Min. I, / Calc. I. 25K
[ 0.861 : .j/ ------
oosst Min. [,
1 I Min. /; point is
' depend on T, B etc.
-~ 0.923 . ‘
I shape of /.-B-6
0.946 characteristics is depend
on these conditions
0.970 ’,_\
0.994
1.0 cross section of coil
Japan, November 14, 2014 30



Calculated coil I, of 5 T 426 kd REBCO magnet at 25 - 77 K

.
Calculated coil /, at each temperature

700

600 -

Critical current (A)
w ) ul
0w 9 o
o% © o
| T
' /
: /
L
: /
/

N
o
o
T
/
/

o
8e
]
I
1
1
1
I
1
1
1
I
1
1
1
I
1
1
1
I
1
1
1
I
1
:
&

o

30 40 50 60 70 7780
Temperature (K)

N
o

designed load factor at 25 K = 0.6

calculated temperature margin = 25 K

F calculated coil I at 77 K=93 A
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V-I characteristics of impregnated pancake coil

Fabricated and evaluated an impregnated pancake coil in LN,

n-values of all pancake coils >24 m8) No degradation

w
8
w
w

approx. 535 mm
250 - —> 130
»
1 258
200 - D — o
=
20 9
150 8
15 %5
100 -g.
10 g
<
50 5
Compact Disc
0 0

1234567 89101112131415161718192021222324
Number of pacake coil

n-value : range from 10-® to10-" V/cm
I, : 107 V/cm criterion
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Cool down to 77 K of the 24-stacked coil

The 24-stacked coil was carefully cooled down for 1470 min
with gas and liquid nitrogen after the fabrication

50 5
+T1 T2 «T3 =T4 TS5 - Terminal voltage
0 k end of cooling of 1stday  re-cooling down of 2nd day | 4 -
l-' >
p— % S—
g ; :
@ 50 | A 3 f_uf ! flange
3 © A : 1 1
™ = o N T1 i
s = 1 '\, cooling plates
2 100 - 1 2 £ . _~Thermocoupleg
5 A £ 271 75 ! T2
K § £ . -X-|® - - . TZ
-i i mm X /
-150 . % 11 ! ;
750 min <% 400 min e ! T3
. F 3 I.
500 * 320min ;f' (turn off : terminal voltage ) e '—M 0 < 535 mm = c t'—{\lz
May29 1424 May29 2135 May30 448 May30 1200 May30 19:12 yesla

Time

| A
F Fl.lj i Iﬂ.l fd WAMHTS-2 @Kyoto, Japan, November 14, 2014 33



r

Measurement result of 24-stacked coil /. in LN,

« 145 [~—coilvoltage _ —____ curent—= 7 10
2 4 |
& (9 magnetic | 80
% : » field .
> 1.0 ¢ 1 60 <
£ 08 3 1 5
— 7] 40 5
© 06 g _ 3
4= ¥ — :
04 1 i |

'5;",’ P : 1 20
g 00 [y : { e R 0

0 2000 6000

Time (s)

Magnetic field of the 24-stacked coil was measured 1.46 T
when the coil /. reached at 95 A

24-stacked coil was successfully excited up without degradation
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Comparison of calculated and measured coil /. at 77 K

700

O Caluclated /.
600 A Measured /.

U1

o

o
T
/

Critical current (A)
/

20 30 40 50 60 70 80
Temperature (K)

difference between calculated and measured coil I, at 77 K: 2%
calculated coll /, was in good agreement with measured /. at 77 K
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Schematic of 5 T 426 kd REBCO magnet

5 T 426 kd REBCO magnet was fabricated
after the evaluation of the 24-stacked coil in LN,

GM cryocooler

GM

cryocooler

o 20 cm L
Y f
R _
. 2nd stage
80 cm I /_r
56 cm ; __|--Cernox

.-/ sensor

Radiation shield

Cryostat

ol
1

110 cm
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Cooling characteristics of 5 T 426 kJ REBCO magnet
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M. Daibo et al., IEEE Trans. Appl. Supercond. 23 (2013) 4602004.

WAMHTS-2 @Kyoto, Japan, November 14, 2014

37



Example data of a 720-min. excitation test

= 6 500
o == Central Magnetic Field x
o)) 5 - <
(1] | »| — o
= | 720 min | 400 \¥:
= 4 - ---- 333A @
(3 Current ) 1 300 32
©
~~ 3 - o
= Temp. (top) g‘
T Temp. (bottom) 1 200 @
° 2 - -
LI- —_—
0 1 100 <
o 1 =
=3 o
= ¢ Coil Voltage —
E 0 ) | - L 0 o

0 150 300 450 600 750 900

Time (min)

[ The 5 T REBCO magnet was excited up to 5.0 T for 720 min after 2nd cooling

r M. Daibo et al., IEEE Trans. Appl. Supercond. 24 (2013) 4900304.
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Background magnet for hoop stress test of small pancake coils

GM cryocooler 6 500
i 2 Central Magnetic Field
vacuum J:L/mﬂ S mm—— entra agnetic Fie
oD 5§ L
system s
- current S A <
lead ‘S -
S
cernox™ < 3 5
= 7]
- c
i =
2 2
o 1 O
' REBCO =4
sma © e Coil Voltage
coil Magnet = | - g .
— 0 100 200 300 400
20-cm-diameter
room temp. bore Time (min)
The magnet was excited up to 5 T 21 month after the fabrication
for example as a background magnet for repeated hoop stress test of small coils

P .o
l' Fl.lj 1 Iﬂ.l fd WAMHTS-2 @Kyoto, Japan, November 14, 2014 39



Outline

B Development of REBCO coils at Fujikura

- Feasibility study for accelerator magnets
]

P -s
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Study of quench behaviors of REBCO coil for accelerator magnet

collaborated with Prof. Tsuchiya and Prof. Ohuchi at KEK

A A
!/__ V. _
]
< 200 50K 04.:150|<:0.5
© 180 o i
> > A50K! 06'050KI0.7
4th turn S 160 -~ o )P @% a ]
3rd turn 2 140 - A x50K|08' ©40K10.4
2nd turn 3 Ae’ :
1stturn p 120 x0 040 |< 05} 240Ki06
Q. 100 r :
E g0 &F 0 40K! 07-x40|<:0.8
35 120 2 go L E | :
30 . Current / £ 40 <30 |< 0.4 | 030K 0.5
1 = - !
A ooz cE’_é 20 A30|<06.030|<lo7
7| w0k 0 | <>20|< o4.nzo|<-os
7 40 3 0O 20 40 60 80 100 120 140 : Qs
A20Ki0.6!
balance voltage [mV] -

Voltage [mV], Heater Voltage [V]

» does not depend on the operating temperature
» increase with the balance voltage

presented at 25th ICEC/ICMC2014, July, 2014
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Small racetrack coil with VPI for accelerator magnets

» Feasibility study of sextupole magnet collaborated with Prof. Tsuchiya and Ohuchi at KEK

n-value of REBCO tape

(77 K, 0.1uV/cm criterion)

260 A (77 K, s.f., 1 uV/cm criterion)
27 (77 K, s.f., 0.1~1 uV/cm criterion)
81 mm X 196 mm, 10.7 mm (height)
116 mm, R=19 mm

94 turns X 2 layers (188 turns)

81 mm

196 mm

40 m X 2 layers
VPI with epoxy resin

calculated. 82 A
measured. 86 A (4.9% difference)

1516 T

1.=86 A (0.1 uV/cm criterion)

I, of REBCO tape
Coil size
Coil bobbin
Number of turns
Tape length
Impregnation
Coil 1,
20
18
16
14 |
S 12
E g0 |
@08
5 06 f
> 04
02
0.0

___________ @ﬁmm@ﬁ" splice resistance I
""""""" —=0 : 0.0002 T

Measured coil /I, (77 K) !

Iron yoke

" Fujikura

Current [A]

60 80 100
Sextupole magnet design by KEK
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Heat cycle, conduction cooled test of a small racetrack coil

-
» |-V characteristics (77 K) of heat cycles

No degradation
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» Evaluation under conduction cooled condition at 50 K (/=202 A, B;,=0.55 T) (load factor : 0.65)
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Summary

B Uniformity, mechanical and /. properties of REBCO c.c.

- Focus on uniformity improvement for long-length coated conductors

- Ic (20 K, 15 T) have stronger correlation with Ic (77.3 K, 0.6 T)
rather than Ic (77.3 K, s.f.)

- Tensile stress of the mass-produced c.c. was investigated at 77 K

B Development of Coils and Magnet

- Fujikura successfully developed the 5 T REBCO magnet

- The magnet has been used as background magnet at Fujikura
over 21 month

- Feasibility study for accelerator magnet has been investigated
with Prof. Tsuchiya and Prof. Ohuchi at KEK
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Thank you for your attention !!

Please visit Fujikura website!!

» Global Site
http://www.fujikura.com/solutions/superconductingwire/

» Fujikura website
http://www.fujikura.co.jp/eng/products/new/index.html
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