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Superconducting Characteristics of Nb,;Sn Cables Stranded with Ultra-fine Wires

Xudong WANG™ ¥, Kiyosumi TSUCHIYA "', Akio TERASHIMA "', Yasuo IIJIMA " and Akihiro KIKUCHI ™

Synopsis: We are developing A15 cables made of ultra-fine wires for react-and-wind (R&W) magnet technology. Recently, we
fabricated a bronze processed multifilament Nb;Sn wire with a diameter of 50 pm. We also made a prototype Nb;Sn cable by stranding
19 wires for testing. In this study, the transport critical current (I.) of the cable was measured at 4.2 K and under an external field up
to 18 T. The Non-Cu critical current density (J,) was also calculated from the 7, results. For the 7, measurements, the cable was wound
on glass fiber reinforced plastic (GFRP) cylinder bobbins after the heat treatment in straight geometry to replicate the R&W process.
Four GFRP bobbins with different diameters were prepared to investigate the bending limit of the cable. The critical temperature (7,,)

and magnetization properties of the cable were also measured by a magnetic property measurement system of Quantum Design.

Keywords: Ultra-fine wire, react-and-wind, critical current, critical temperature, magnetization
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Table 1 Specifications of Nb;Sn wire and cable.

Nb3Sn wire
Outer diameter 0.05 mm
No. of filaments 19
Filament diameter 0.003 mm
Cu/Non-Cu ratio 0.89
Barrier Nb

Bronze composition Cu-14mass%Sn-0.3mass%Ti*")

NbsSn cable
Minimum outer diameter 0.25 mm
No. of strands 19
Twist pitch 4 mm

(a)

50 pm 10 pm

200 pm

Fig. 1 Cross-sectional photograph of the Nb;Sn wire and cable
(a) before and (b) after the heat treatment at 650 C for 48 hours.
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Nb,;Sn cable

Fig. 2 Photographs of the four GFRP bobbins with diameters of
50 mm, 30 mm, 25 mm, and 20 mm. The Nb;Sn cable was wound
on the bobbin and soldered to current leads after reacting.
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Fig. 3 Electric field and current curves measured on the four
bobbins with diameters of (a) 50 mm, (b) 30 mm, (¢) 25 mm,
and (d) 20 mm at 4.2 K and under the external field from 1 T to
18 T.
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Fig. 4 Field dependance on /, and Non-Cu J, defined by 1.0 uV/
cm. A data without bending and the four bobbin measurements
with diameters of 20 mm, 25 mm, 30 mm, and 50 mm are
summarized in these results.

FORBALATE TR WD EEZ SN, HiLE LD
B 25 mm RE Y TOMFOTARIE, ERETIHHET L L
02% THLDIZHLT, Fy—7TVETIH 1% &4 5D, %
Y 5 1% OVTATHIL LAV L idE 212<
Wz, ZO7—7NVOTREIZ T — 7 VERISEES R
W WEEZ BND, BATHIZETIE, [H LEA 0.05 mm #
W A9 AR (1 IR TAREGHD x2 R T AREEGHD ) BARL 7
BEF 0.45 mm O 7 — 7 ) (EEIARY ¥ 7V 0.25 mm O
2R DL ER) I2BWThH, HFEAE 23 mm THIMEZ H1LH 81
WENLY, TREDOREREDS, BZHR% 72 Nb,Sn
=TV OMTEEE A — 7 VA R CITE A
SRR, FRECEoTIRFRTILEELIONS,
££0.05 mm FEAEO TR AIE, B 20 mm & 25 mm DR
ChHrIENHLNE LR ST2,

4. Nb;Sn 7—7)bo T RIE

T, Ml % 1% Quantum Design 1 # ® Magnetic Property
Measurement System (MPMS) % W CT4T -7z, £ & 5mm
D Nb,Sn 7 — 7% MPMS IZEE L, 42K TTHHLT
Mo =7 M L CIEEIS | mT OB ZHIT L2505
5K FTHRLTHRAE—A Y 2B L F—7 LD
WRE— A~ b EIREDORZE Fig. 5 (a) 173 MWER

198

(a) 2.0e8

-2.0e-8 1 1
€ -4.0e-8

-6.0e-8 - - 4

-8.0e-8 j
-1.0e-7 i
~1.2e-7

-1.4e-7
-1.6e-7

nt (Am?2)
o
o
m
+
=3

IC mome

Magneti

0 5 10 15 20 25 30
Temperature (K)

(b) 0.2

0.005

0 : ! ' | SRILE FERAS |
-0.005 / /_—
-0.01 / ‘
16.5 17 17.5 /
Temperature (K)

o
N o
Normalized moment
o
o
=
&

Normalized moment
S O O «
o o B

o

<1.2

10 11 12 13 14 15 16 17 18 19 20
Temperature (K)

Fig. 5 Temperature dependant (a) magnetic moment and (b)
normalized moment of the Nb;Sn cable under an external field of
1.0 mT. The inset of the normalized moment shows a zoomed view
around the onset 7, of Nb;Sn.
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Fig. 6 (a) A full-scale result and (b) a zoomed view of the
magnetization measurements on the Nb;Sn cable at 4.2 K, 6 K,
8 K, and 10 K.
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Fig. 7 Field dependent Non-Cu J, estimated from the
magnetizations of the Nb;Sn cable at 4.2 K, 6 K, 8§ K, and 10 K.
Plots are the Non-Cu J, calculated from the /, measurement at
4.2 K of the 50 mm diameter bobbin with and without the self-
field correction.
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