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Superconducting technology has made progress with nuclear fusion development for about 30 years as an in-
dispensable element of nuclear fusion technology. Some technologies that come from nuclear fusion development
are applied to industrial applications. For example cable-in-conduit technology is applied to SMES (Superconduct-
ing Magnetic Energy Storage) project. On the other hand, superconducting magnets for MRI system and silicon
single crystal growth become practical industries and another technologies that come from these industrial appli-
cations are applied to nuclear fusion development. In this report, superconducting products and superconducting
technologies are presented at the point of synergy effects of nuclear fusion development and industrial applications.
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Fig. 1

Cable-in-conduit conductor.
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Fig.2 Photograph of CS model coil conductor. (Photo credit
by Japan Atomic Energy Research Institute).

Table 1 Parameter of ITER CS model coil conductor.
Rated current 40kA @13T
Superconductor NbsSn
Number of strand 3 X 6 =1152
Strand insulation Cr plating
Strand diameter 0.81 mm
Cu/Non-Cu Ratio 15
Conduit material Incoloy 908
Inner diameter of conduit #38 mm
Dimensions of conduit 51 mm X 51 mm
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Fig. 3 Cross-section of SMES model coil conductorin National
SMES project I.

Table 2 Parameter of SMES model coil conductor in National
SMES project |

Rated current 20 kA @5.64T 45K
Superconductor NbTi
Number of strand P X4=972R
Critical current 60 kA @564 T,45K
Strand insulation Cu oxide
Strand diameter 0.62 mm
Cu/CuNi/NbTi Ratio 4.81/0.58/1
Filament diameter 6 um

Twist pitch 6.2 mm

Cable diameter 270 mm
Conduit material SUS316L
Thickness of conduit 2.3 mm
Dimensions of conduit 254 mm X 27.8 mm

Fig.4 Cross-section of SMES model coil conductorin National
SMES project Il.
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Table 3 Parameter of SMES model coil conductor in national
SMES project Il

10kA @ 3T, 5K
NbTi
[(Tcut6sc) +22cul x15
21kA @3 T,50K

Rated current

Superconductor

Number of strand

Critical current

Strand insulation CuNi
Strand diameter 0.7 mm
(Cu+CuNi)/NbTi Ratio 3.0/1.0
Filament diameter 6 um
Twist pitch 9 mm
Cable diameter 16.85 mm
Conduit material SUS316L
Thickness of conduit 2.74 mm

Dimensions of conduit 223 mm X 22.3 mm
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Fig. 6 Conduit forming process of cable-in-conduit conductor.
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Fig.7 Photograph of 1.5T MRI System (Toshiba "ECELART
Vantage”).
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Fig.8 Photograph of conductive-cooled superconducting
magnet.
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Fig.9 Photograph of High-temperature superconducting R&D magnet for silicon single crystal growth applications.

382



Lecture Note

EATY oy MICHRELZDDT, AT AV —11
M], T4V OHgRERIZIE, 04T OEERETLI L
WTEL., TNEhO AL VZ/MEHFRKE VT, 20K
UTICEHENTY SR, 4K T THE SN L KRB 5E
DY) 3 HFERTE RTHBRES Ay P EHKT S
L, WHBOEEERLETELT LD, BE, M
ENTVLIKIBREES 72y MO 1/3 D@l A b T
HE 52 ERTE5.

1O —F a4 VIZ3HOBI2223R Y — A T7—7
MM ERYA I B ES N2 I MDRAT Y LAT—F
Z P 600 mm, #ME 1,200 mm 1285 & &5 5 2 & THIK
ENTW5A. Bi2223ly — A 5 — 7FHE, EIZ§ B
BEEHEOBIPBELR TV LD, WhllHbr R4
ST T A VBB EMERZ AT DA, K~ T4 v b
MBEOREERECTH - 7. B OMTEE, wBhhEaq
WELE BRI BT B4 L SILEROERE21TH) 2 &
12X o T, BARMICIE, #EF 80 km DM % b7 < B
L, Bi22238 — A7 — T OBBBEAM 2 ML § 5 Z &
WTELZ LD, BERREI SR INL. BE, 20
BARHEM 2 TG L, WRKOBWAIEE RT-1 OBEFThNI
TWa.

2.4 £EH
—REEESTFICBWTERLS N, mEILSIND X1
o7 MRIHBEE<Z 2y MY a v HigRs %k
FHBRE~ 7 4 v R4 F SICERAICINT TR T
b Twb SMES 2 LB D, ZOoHoEDDE

2. Synergy Effects of Superconducting Technology Progress in Industrial Applications and Nuclear Fusion Development

383

S. Hanai

DOMURERMIIBAMERBEORTHEEINZ LD L L.

F 7o, MREES TR INBEERM D, RiLTI
MRABRZEOHIZNY) ANSNE LIk TETW A,
Z O X ) \TRIZERANE, BEE S L —REESEICB
WTCDZENZEND Y F YV —MRICE - THRELTERLZ
HPRE .

B E OFERL, —BEESIIIBT 5 REEEDF
BD7-DIZhH, BIREHNO S 5% 5 MEEIRD STV
L0, HhSOICEEST EBMES T E OB Y Y —
BRI SN, 21 OEFHSITHML T 2 &8
Wrrsh s,

2 E X wk
BA KR T 37,180 (2002).
FH O ARIRTA 37,190 (2002).
ISTEC : BEEE NI Y A 7 A BHRBAM SR
GsE CPR114E3 H).
T. Hamajima et al., Cryogenics 39, 351 (1999).
HEEE NI Y A T AP BRI AET B Ml - Fkl
5 AR EREEE DI Y A 7 LA MBS O E (P16
E£3H).
IR AR TS
BEE R R T
SR ¢ AR T
AFERA M R T A

(1]
(2]
[3]

[4]
[5]

[6]
(7]
[8]
[9]
[10]

37, 40 (2002).

39, 122 (2004).
39, 182 (2004).
36, 242 (2001).

M. Ono et al., IEEE Trans. Appl. Superconduct., Vol.12
No.1 984 (2002).
T REIEAR  ARE T 39, 651 (2004).

[11]

3% v skl
Z{N S 1

19804F UK 4 L2 H IR 7 ) ToF R
. 19824E K2R TR R T T
FHBE LIRS T, RAEROTEHELAR |
(BUBRSCE) AR, SURHERTICBNE. %R |
BEBR - KR~ 7 Ry NEORIT - BAHEBCREHE. B §
§ A5, FIPEAT AR S R B A BRI )

IO - BAEHICREH. R TEH S, 5%, B
A& AEM 24 H




